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Abstract

The aim of the research is to examine the perspectives of teachers and preservice teachers in regard with models,
mathematical models and mathematical modelling process in different variables terms and to compare them. In this
research that is having quantitative research design survey method, which is one of the descriptive research technic,
survey method is used. Research is performed with 127 teacher and preservice teachers. It is benefitted from a
different survey in the stage of data collection and open ended questions that is developed by the researcher. In the
analysis of the data, descriptive and inferential statistical methods and content analysis method were used. As a result,
views of the teachers and preservice teachers regarding (mathematical) models and mathematical modelling shows
differences according to some variables, however, it is not found out most significant differences in the views of the
teachers and preservice teachers in regard with these subjects.
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1. Introduction

Developing the main mathematical skills such as problem solving, connecting, reasoning and communication that are
needed by individuals in our day is the requirement of age. Particularly individuals have to have skills to be able to
model problems in order to solve the problems they face in their daily lives (Wood, 1992) and in gaining these skills
by students, teachers have to use their knowledge and skills about model and modelling efficiently (Thomas & Hart,
2010). Thus, in most of education systems in our days, model and modelling is mentioned (Blomhoj & Kjeldsen,
2006; Chan, 2010; Lingefjérd, 2006; National Council of Teachers of Mathematics [NCTM], 2000; Peled, 2010;
Turkish Ministry of Education [MEB], 2005). The need for individuals who are able to modelling mathematics and
use it in problem solving is specified as general purpose in the Secondary Education Math Class Curriculum that is
renewed in 2013 (MEB, 2013). Because in the connecting mathematics with the real life models and modelling are
very important.

1.1 Modelling

Model that is an all of systems representing objects, facts and thoughts (Gilbert, Boulter & Elmer, 2000), is a
structure ensuring our understanding of bringing about of objects, their manners and their development processes as
well as predicting about that (Harrison, 2001). Models that have a changeable structure are the dynamic patterns that
can be changed by new information (Harrison, 2001; Justi & Gilbert, 2002). Models cannot be an exact copy of
reality as they are not able to reflect all properties of the reality and they also include additional explanations in
addition to the target they represent (Gobert & Buckley, 2000; Harrison, 2001; Ornek, 2008). Although Harrison and
Treagust (2000) models scale, pedagogical and analogical, symbolical and symbolic theoretical, maps, diagrams and
tables, concept-process, simulations, mental, synthetic models the classification that is gained acceptance in literature
they are in the form of physical, analogical (descriptive, imaginary), symbolical (formal, digital) and theoretical
models. On the other hand, modelling, which is a scientific study, is all of scientific operations used in the process of
model creation (Justi & Gilbert, 2002). In this context, it can be made out that the purpose of modelling is model
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creation, but this inference is not quite sufficient. Modelling process both includes states and events necessary for
explanation by models and requires to use and interpret created models. In other words, the main purpose in
modelling is not create model or models but to be able to make explanations for a state or event by aid of models
(Bukova Giizel, 2016). In this sense, while model expresses created product in the end of process, modelling
expresses physical, symbolical or abstract model (Lesh & Doerr, 2003). In that case, models must be considered as
products necessary for realization of modelling that is required to be reached in modelling process (Hidiroglu, 2012;
Sriraman, 2005). One of the sub-concepts of modelling concept that is used in different spaces by different senses is
mathematical modelling concept.

1.2 Mathematical Modelling

As mathematical modelling definitions/approaches are based on quite different theoretical bases (Kaiser, Blomhgj &
Sriraman, 2006), it is not possible to give a single definition that is accepted in all world literature related to
mathematical modelling. Mathematical modelling, as different from other modelling types, explains a process, in
which mathematical symbols, concepts and skills are set to work, where real living and mathematics are linked with
each other (Bukova Giizel, 2016). Mathematical modelling, which in the most general sense is a process where the
real life state is transferred into mathematical language and specified as mathematical (Berry & Houston, 1995)
which is being defined as expressing an event that is mathematical or out of mathematical, a fact, relations between
events in mathematical language and bringing mathematical patterns out from events and facts (Verschaffel, Greer &
De Corte, 2002). On the other hand, Lesh and Doerr (2003) expresses the mathematical model as external
representations, which is transformed by mental constructs providing an opportunity to mathematical model to
interpret and analyse a real state. According to MEB’e (2005), while mathematical model is a work to bring the
exiting states out by gathering mathematical statements, forms and concepts, mathematical modelling is a dynamic
method by which we see, express, classify, generalize and easily draw a conclusion on the real life problems.
However, mathematical modelling process, which is including much more than forming model for explaining a
problem state, has a complex structure (Lingefjard, 2006). Lesh and Doerr (2003) designates all mental instruments
used by the students in the mathematical modelling process as mental models and defines the mathematical
modelling process as a process requiring mathematical modelling process. For this reason, another concept that has
to be laid emphasis on is mathematical modelling process.

When the studies are examined different modelling processes are attracted attention and this difference is considered
linking with the interpretation made by the researches about modelling and the structure of the problems (Borromeo
Ferri, 2006). In the researches related mathematical modelling process generally it is aimed to reveal mental
activities forming mathematical modelling process and to explain transitions and relations between mental activities.
One of the original researches in body of literature Kapur (1982) described the mathematical modelling process as
selecting convenient variables, as revealing connection between variables, as producing a mathematical model
including variables and connections, and to test the model and its practices. Afterwards, Miiller and Witmann (1984)
underlined that modelling process is formed by three main steps — setting up model, processing data in the model and
interpretation. On the other hand, Mason (1988) expressed the modelling process with the following steps: The real
living problems are formulated by mathematical symbols, revealing mathematical model from the variables
describing states and equations related to these variables, interpreting and explaining mathematical results gained
from analysed problems in the scope of real living state. Berry and Houston (1995), remarked that process is realized
by the interaction between the real life and mathematical world. It is required to switch to mathematics for
formulating the real living state and it is required to switch to the real life again for interpreting mathematical results
that have been gained. On the other hand, Berry and Davies (1996) approached the mathematical modelling circle in
seven main steps, namely, real life problem state, formulating the model, analysis mathematically, interpreting
analysis, evaluation the solution, revising the model and report. Cheng (2001) explained mathematical modelling as
an intense interaction process between the real life and mathematical world and described the main components in
mathematical modelling process as the real living problem (the real life solution), mathematical problem as making
hypothesis, formulating equation (formulating the model), solving the equation, interpreting solution, comparing the
data (comparing the real life solution with solvation gained by model), interpreting the model and revise the model.
Borromeo Ferri (2006) expressed that mathematical modelling process circle comprises six circles, namely,
understanding the problem, simplification the problem, making the problem mathematical, to study mathematically,
interpreting and verification. In an another process research Voskoglou (2006), approached the mathematical
modelling process in five main steps, namely, analysis of the problem, making the problem mathematical, solving the
model, verification of model, interpreting the results and specified that it is possible to switch to in between every
steps in the process, and this state makes the solving process complicated. On the other hand, in the studies where the
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impact of technology upon mathematical modelling process is examined different modelling processes draw
attention. Galbraith and Stillman (2006) described components of mathematical modelling process supported by
technology, as complicated real living state, real life problem state, mathematical model, mathematical solving, real
life meaning of the solution, revising the model or acceptance of solution, report. Hidiroglu (2012), by aiming to
reveal cognitive activities in mathematical modelling process supported by technology described eight main
components — complicated real life state, real life problem state, model of real life problem state, auxiliary
mathematical models, main mathematical models, mathematical solution, real life solution, short solution report and
as well as he described seven main steps providing passing between the components — analysis of problem, setting up
systemically structure, making it mathematical, making it upper mathematical, mathematical analysis,
interpretation/evaluation, verification of the model.

In the end of literature review it is understood that researches about model and modelling have been performed
mostly with teachers, preservice teachers and students. The studies that has been made related teachers are in general
descriptive researches to reveal especially the knowledge and views of the teachers in different branches, particularly
science teachers (Akgiin, Ciltas, Deniz, Citfci & Isik, 2013; Ergin, Ozcan & Sar1, 2012; Giinbatar & Sar1, 2005; Justi
& Gilbert, 2003; Marquez, Izquierdo & Espinet, 2006; Van Driel & Verloop,1999). The researches indicate that
teachers use models in the teaching of any concept, but they have insufficient knowledge about representation and
prediction characteristics of the model. The studies that have been made with preservice teachers revealed that their
knowledge about models and modelling are insufficient and complicated (Berber & Giizel, 2009; Danusso, Testa &
Vicentini, 2010; Everett, Otto & Luera, 2009; Giines; Bag¢1 & Giilgicek, 2004; Justi & Gilbert, 2002; Shen &
Confrey, 2007; Smit & Finegold, 1995). On the other hand, researches that have been made with their students are
mostly related to the impact on student success and model usage in training (Acher, Arca & Sanmarti, 2007; Cokelez,
2009; Gobert, 2000; Grosslight, Unger, Jay & Smith, 1991; Glimiis, Demir, Kogak, Kaya & Kirict, 2008; Maia &
Justi, 2009; Marquez et al., 2006; Rotbain, Marbach-Ad & Stavy, 2006; Taylor, Barker & Jones, 2003). On the other
hand, in the studies that have been made in level of university there are also researches revealing insufficient
knowledge of students about models and modelling (Coll & Treagust, 2003; Danusso et al., 2010). Although one of
the subjects most debated in mathematical training is mathematical models and modelling it has been found out that
the quantitative researches related to this field are insufficient. However, mathematical model and modelling is not
placed emphasis by many people related to training and have not been practiced (Blum & Feri, 2009). One of the
factors related to this is the difficulty of mathematical modelling process having many components for the
individuals. Whereas, the view that (mathematical) model and modelling have to form important part of
mathematical classes from elementary schools to higher schools has been emphasized in the last years and the
hypothesis that mathematic would be aid for students to understand the real life and the requirement of using
modelling in mathematical training has been the main ground (Erbas et al., 2014; MEB, 2005, 2013; NCTM, 1989,
2000). Thus, by the researches it has been revealed that students need guidance of their teachers to use models
(Treagust, 2002), that the teachers have been more efficient in the learning of students about scopes and limitations
of models significantly (Go6dek, 2004), that concrete models have auxiliary impacts on learning (Treagust et al.,
2002), that models contribute to the problem solving skills of students (English, 2006; O’Connell & San Giovanni,
2013), that usage of model and modelling are the most important activity for students in setting up hypothesis and
symphonizing (Lee, Jonassen & Teo, 2011). In this content, it is necessary for the teachers and preservice teachers to
have sufficient knowledge about (mathematical) model and modelling. This survey study has been designed to
provide a distinguishing perspective of the teachers and preservice teachers about models, mathematical models, and
mathematical modelling.

Aim of this study is to examine and compare the perspectives of teachers (secondary school and high school) and
preservice teachers (elementary mathematics preservice teachers) about models, mathematical modelling process and
mathematical models in terms of different variables. In this purpose scope answers have been searched for the
following problems:

1. Does the perspectives of teachers and preservice teachers about models, mathematical models and mathematical
modelling process differ from according to the different variables (gender, age, experience year, school type
where they work, class level)?

2. Does the perspectives of teachers and preservice teachers about models, mathematical models and mathematical
modelling process differ from each other?

3. What is the reason of teachers and preservice teacher’s perspectives benefitting from mathematical models,
mathematical modelling, mathematical modelling process and mathematical modelling?
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2. Method
2.1 Research Design

Research has the quantitative searching design. In the research survey method from the descriptive searching
methods is used (Cohen, Manion & Morrison, 2000). Descriptive researches is generally used to explain a given state
and evaluate it and to reveal the potential relations between the facts (Cepni, 2007). Survey method is used in larger
field and not experimental. It is used as an information collection method by taking view from a sample about the
mentioned state (Christensen, 2004).

2.2 Sampling

Research has been made in three provinces being in the Eastern Blacksea and Northeastern Anatolia regions in
Turkey. The sample of the research is consisting of 127 teachers and preservice teachers. The teachers being in this
sample are mathematics teachers in the high schools and secondary schools. The preservice teachers are the students
educating 3. and 4. class in the elementary mathematics teaching. In sample selection convenient sampling method
from the non-probability sampling methods. In the selection convenient sample method, it has been paid regard to
the easiness and accessibility of the individuals or the groups to be participated in the research practice (Johnson &
Christensen, 2004). Personal properties of the participants are placed in Table 1.

Table 1. Personal Properties of the Participants

Personal properties of the teachers Personal properties of preservice teachers
Variables Categories n Variables Categories n
Gender Male 29 Gender Male 29

Female 34 Female 35
Age ... <29 age and lower 21 Class level  3.class 29
30age<...<39 age 23 4.class 35
... > 40 age and upper 19
Experience ... <2 year and lower 19
year 3year<...<5year 20
... > 6 years and upper 24
School type ~ Secondary school 32
High school 31

2.3 Data Collection Instruments

In the study it has been benefitted from two different surveys (Gould, 2013; Giines et al., 2004; Treagust, 2002) and
the survey questions developed by the researcher and a survey has been set up convenient to the purpose of the study.
The first section of the survey has been designed to reveal the personal information of teachers and preservice
teachers. In the second section it has been benefitted from the survey adapted from Treagust (2002) by Giines et al.
(2004) in order to specify the views of teachers and preservice teachers generally in models. The survey that is
consisted with 30 items has been set up by six dimensions as Models as Multiple Representations (MMR), Models as
Exact Replicas (MER), Models as Explanatory Tools (MET), The Uses of Scientific Models (USM), The Changing
Nature of Models (CNM) and Model Samples (MS).

The third section is consisted with 15 items. 14 items of the section are originally developed by Gould (2013) to take
the views of mathematics teachers about mathematical modelling and afterwards Golden (2013) used the survey on
the purpose of comparing the mathematical modelling knowledge of the elementary school teachers and preservice
teachers. An item in this section as “Mathematical models may be virtual manipulative —for example, like learning
objects...) is added by the researchers to this survey. This section of the survey consists 7 items related Mathematical
Models (MM) and 8 items related Mathematical Modelling Process (MMP). After necessary permissions have been
received “English-Turkish Accordance and Turkish Intelligibility Rating Forms™ have been used for the survey in
this section and required changes have been made on the items by paying regard to the both language experts
suggestions. In this context, the process related rating forms are as follow: The items of the original survey which is
written in English is placed on the left side, their Turkish translations is placed on the right side and the rating space
from 0 to 10 specifying accordance rating is placed on the middle side. The literature experts (who are working in
education sector, three academicians who know very well English language) are required to read the original item of
the survey and then the Turkish translation corresponding to the same item and to make an evaluation to find out if
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the translation is convenient or not in terms of meaning. In this rating expert is asked to give zero (0) points if the
translation is not corresponding to the original, to give ten (10) points if it is completely corresponding to the original.
On the other hand, experts are asked when they are making rating to specify their suggestions related to spelling on
account of translation items is bound to the English originals and some changes has been made on the Turkish
translations items. Afterward, the two Turkish Language and Literature experts are asked to point the Turkish
linguistics accordance and intelligibility levels in terms of Turkish language rules (in the way if they are not
intelligible zero 0, if they are intelligible completely 10 and to specify their suggestions. By paying regard to the
suggestions made by the language experts necessary changes have been made on the items and, in this way, it has
been tried to realize the validity of the third section of the survey on the terms of translation and language.
Afterwards, it has been applied to the views of three experts for the items of the survey and after the items have been
examined it has been decided that the research is convenient to the purpose and consisted the subject of the research.
In the fourth section of the survey five open ended questions developed by the researches in literature support are
placed. These questions are as follow: According to you what is mathematical modelling. Please
identify...According to you what are the properties of mathematical modelling? Please explain...According to you
what can be a mathematical model) Please explain...According to you what is mathematical modelling process?
What are the stages of the process? Please explain. Would you like to be benefitted from mathematical modelling? (If
yes) Why are you benefitted from it? (If no) Why you are not being willing to be benefitted from it?

2.4 Data Analysis

In data analysis, we used descriptive and inferential statistical methods. As descriptive, in order to specify levels of
the views of the teachers and preservice teachers about model, modelling, mathematical models and mathematical
modelling process arithmetic average and Standard deviation values of the points gained from the scales have been
benefitted. In the specifying and interpreting of the views of teachers and preservice teachers about models,
mathematical models and mathematical modelling process for providing the standard average range “1.00-1.80:
Strongly Disagree (SD"); 1.81-2.60: A little Disagree (D-); 2.61-3.40: Undecided (Neither agree nor disagree) (U%);
3.41- 4.20: A little Agree (A") and 4.21- 5.00: Strongly Agree (SA™)” is used. It has been supposed that ranges are
equal and for arithmetic averages the point range 0,80 has been calculated (Point range = (The highest value —
Lowest value) /5 = (5 — 4)/5 = 4/5 = 0.80).0On the other hand, in testing to find out whether there is a difference
between the views of teachers and preservice teachers about models, mathematical models and mathematical
modelling process as statistical or not it has been benefitted from independent group t-test and an one-way analysis
of variance (ANOVA). In the analysis of the data gained from the research SPSS 20.0 packaged software has been
used. On the other hand, in evaluation of data gained from the open ended questions both frequency and percent
value and content analysis method have been used (Yildirim & Simsek, 2005), codes have been created and
interpreted.

3. Results

In this section analysis results related each problem of the research are presented with tables and interpretations are
made related tables.

3.1 First Problem: Are the views of the teachers and preservice teachers about (mathematical) models and
mathematical modelling process differ according to the different variables (gender, age, experience year school type
where perform duty, class level)?

The views of the teachers and preservice teachers about models, mathematical models and mathematical modelling
process is analysed according to the variables of gender, age, experience year, type of school and class level and the
gained findings are presented respectively.

3.2 According to the Gender of Teachers

Whether there is a significant difference between the views of teachers according to gender variable or not is
analysed by t-test for independent groups and the results are given in the Table 2.

According to the t-test results in Table 2, between the views of male and female mathematics teachers about usage of
more than one model in order to find out the different angles of models as multi representations namely a scientific
event, concept or process (t = 5.853; p < .05), views about the participation of model in finding out of any fact (t =
9.890; p < .05), their understandings about how the models are used except of descriptive and explanatory (t = 4.236;
p < .05) and their views about the permanence (continuity) of models (t = 5.875; p < .05) differences have been
found out significantly and it has been found out that all of these differences are on behalf of female teachers.
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However, according to the results of t-test it has been found out that the perception about a model how much can be
similar to the object (t = .884; p > .05) and their views about the model samples used (t = .111; p > .05) it has been
found out that there is no any significant difference. In similar way, according to the t-test between the views of male
and female teachers about both mathematical models (t = 1.806; p > .05) and mathematical modelling process (t

=.400; p > .05) it has been found out that there is no any significant difference statistically.

Table 2. Results of Independent Group T-Test According to the Gender of Teachers

Survey Components Gender n x sd t p
Male 29 247931 7.12330 "
MMR Female 34 28.5294  5.09447 5853 019
Male 29  23.2069 7.48035
MER Female 34 249706 7.37105 884 331
Male 29 17.7931 5.37441 x
MET Female 34 212647 3.27811 9.890 003
Models Male 29 102069 3.51912
. . "
UsM Female 34 11.7647  2.46255 4236 .044
Male 29 10.1379  3.47156
%
CNM Female 34 12.0000 2.61696 >875 018
Male 29  13.1379 4.19799
MS Female 34 147353 3.58709  -111 .74l
. Male 29 242759 7.83717 1.806 184
Mathematical models Female 34 26.3824  4.35552
and modelling process Male 29 313793 10.89696
MP .400 .530
Female 34 327647 6.17943

3.3 According to the Ages of Teachers

Whether there is a difference in the views of teachers in three different age groups about models, mathematical
models and mathematical modelling process as being significant statistically or not has been tested according to

one-way variance test (ANOVA) and presented in Table 3:

Table 3. One-Way Variance Analysis Results (ANOVA) According to the Ages of Teachers

Survey Components Total Squares df Mean Square F p

Between Groups  106.171 2 53.085

MMR Within Groups 2389.544 60 39.826  1.333 .271
Total 2495714 62
Between Groups 86.880 2 43.440 785 461

MER Within Groups 3321.533 60 55.359 ' ’
Total 3408413 62
Between Groups 31.679 2 15.840

MET Within Groups 1320.321 60 22.005 720 491
Total 1352.000 62

Models Between Groups 5.289 2 2.645

USM Within Groups 579.568 60 9.659 274 761
Total 584.857 62
Between Groups 38.020 2 19.010

CNM Within Groups 579.694 60 9.662 1.968 .149
Total 617.714 62
Between Groups 41.003 2 20.501

MS Within Groups 916.997 60 15.283  1.341 .269
Total 958.000 62
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Between Groups  152.221 2 76.111

MM Within Groups 2263.049 60 37.717  2.018 .142
Mathematical models Total 2415270 62
and modelling process Between Groups 86.360 2 43.180
MMP Within Groups 4528.624 60 75477 572 567
Total 4614.984 62

According to the results in Table 3 there is no significantly difference statistically in the following views of in
different age group teachers about the models as being multi representations (Fp-s2) = 1.333; p > .05), their views
related how a model is similar to the object represented by a model (F-62) = .785; p > .05), their views related to the
contribution made by a model in understanding of any fact (F-¢2) = .720; p > .05), their views related how models
can be used except for being descriptive and explanatory of models (F.62) = .274; p > .05), their views related
permanence (continuity) of the models (Fp.s2) = 1,968; p > ,05), their views related used model samples (F-¢2) =
1.341; p > .05. Similarly, there has not been found out statistically any significant difference between both
mathematical models (F-62) = 2.18; p > .05) and mathematical modelling processes (F-62) = .572; p > .05).

3.4 According to the Experience Years of the Teachers

Whether there is a difference in the views of teachers according to the experience years about models, mathematical
models and mathematical modelling process as being significant statistically or not has been tested according to
one-way variance test (ANOVA) and presented in Table 4.

Table 4. One-Way Variance Analysis Results (ANOVA) According to the Ages of Teachers:

Survey Components Total Squares df Mean Square F p
Between Groups 48.931 2 24.465
MMR Within Groups 2446.783 60 40.780  .600 .552
Total 2495.714 62
Between Groups 7.222 2 3.611 064 938
MER Within Groups  3401.190 60 56.687 ' ’
Total 3408.413 62
Between Groups 2.943 2 1.471 065 937
MET Within Groups  1349.057 60 22484 ’
Models Total 1352.000 62
Between Groups 2.074 2 1.037 107 899
USM Within Groups  582.783 60 9.713 ' ’
Total 584.857 62
Between Groups 19.286 2 9.643 967 336
CNM Within Groups 598.429 60 9.974 ' ’
Total 617.714 62
Between Groups 44.638 2 22.319
MS Within Groups 913.362 60 15.223 1.466 239
Total 958.000 62
Between Groups 168.479 2 84.240
MM Within Groups  2246.790 60 37.447 2.250 .14
Mathematical models Total 2415.270 62
and modelling process Between Groups 153.672 2 76.836
MMP Within Groups 4461.312 60 74.355 1033362
Total 4614.984 62

According to the results in Table 4 there is no significant difference statistically in the following views of in different
mathematics teachers having three different experience year about the models as being multi representations (F(-62)
= .600; p > .05), their perceptions how much a model similar to an object for which it represents (F(.62)= .064;
p > .05), their views about contribution made by the model in understanding any fact (Fp.62y= .065; p > .05), their
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views about how models can be used except for descripting and explanatory (F(.62)=.107; p > .05), their views about
permanence (continuity) of models (Fp.62)= .967; p > .05), their views about the used model samples (Fp.62=
1.466; p > .05).

3.5 According to the School Types Where Teachers Work

According to the independent groups t-test whether there is a significant difference between views about models,
mathematical models and mathematical modelling process according to the school types where teachers work or not
have been tested and presented in Table 5.

Table 5. Independent Group-Test Results According to the School Type Where Teachers Work

Survey Component  School type n % sd " o
hool 32 27. .

MR el 31 2600 Tasse 9P B

MER e 31 7 ey 26

oM el 2 B

UM ool 31 104198 a30 2621 11

w2 T s

MS bl 31 10wy oo 442 0%

Mathematical models MM ;?;Eni;rgo?mml if Zg;g ‘61;22(3)2 9259 003
and modelling process S d hool 32 34.2813 8.59195

T e Highschool 31 29903 go1szs 268 043"

According to the t-test results in Table 5 it has not been found out a significant difference between the views of
secondary and high school teachers about models as being multi representation (t = .993; p > .05), their perception
about how much a model is similar to the object for which it represents (t = .221; p > .05), their views about
contribution made by the model in understanding of any fact (t = .908; p > .05), , their understandings about how the
models can be used except for being descriptive and explanatory (t = 2.621; p > .05), their views about permanence
(continuity) of the models (t = 2.463; p > .05). According to the t-test results in Table 5 it has not been found out a
significant difference between the views of secondary and high school teachers about models as being multi
representation (t = .993; p > .05), their perception about how much a model is similar to the object for which it
represents (t =,221; p >,05), their views about contribution made by the model in understanding of any fact (t = .908;
p > .05), their understandings about how the models can be used except for being descriptive and explanatory (t =
2.621; p > .05), their views about permanence (continuity) of the models (t = 2.463; p > .05). However, a statistically
significant difference was found between the views of the used model samples (t = 4.442; p < .05) and it was
determined that the difference was in favour of the teachers working in secondary schools. Similarly, according to
the table, it has been found out significant different statistically between the views of mathematics teachers working
in two different school type about both mathematical models use (t = 9.259; p < .05) and mathematical modelling
process (t = 4.268; p < .05) and it has been specified that these differences are on behalf of teachers who work in
secondary schools.

3.6 According to Genders of Preservice Teachers

The views of the preservice teachers about models, mathematical models and mathematical modelling process is
analysed by independent groups t-test to find out whether there is statistically significant difference and the results
are presented in Table 6.
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Table 6. Group-test Results According to the Gender of Preservice Teachers

Survey Components Gender n % sd " b
w e e
MER Fomic 35 25a0m0 sims 0P
Modls MET Fomic 35 19129 25075 127 20
USM Male 29  10.5172 2.68089 2611 111
Female 35 10.4857 2.59379
o Pl 35 109420 207 >1% 0
s Foie 35 142571 oseon 209108
Mathematical models MM 11;/211;16 §2 ii?ﬁ: iéégiz 005 944
and modelling process Mal 29  32.8966 5.86360
N VP Fmule 35 307714 eaas7t 00 %

Significant difference statistically about the views of male and female preservice teachers in Table 6 has not been
specified in terms of multi representations models (t = 2.671; p > .05), about perceptions how much a model is
similar to the object which represents (t = .023; p > .05), their views related contribution made by the model in
understanding of any fact (t = 1.247; p > .05), their views how the model can be used except for being descriptive
and explanatory (t = 2.611; p > .05), their views about the model samples that are used (t = 2.653; p > .05). However,
it has been found out a significant difference statistically about their views related permanence of the models (t =
5.193; p <.05), and it has been specified that this difference is on behalf of female preservice teachers. On the other
hand, it has not been found out a significant difference in the views of male and female teachers about both
mathematical models (t =.005; p > .05) and the mathematical modelling process (t =.000; p > .05).

3.7 According to Class Levels

Whether there is significant difference statistically according to class levels between the views of preservice teachers
about models, mathematical models and mathematical process or not has been analysed by independent groups t-test
and the results are presented in the Table 7.

Table 7. T-Test Results of the Preservice Teachers According to the Class Levels Where They Educate.

Survey Components Class level n x sd t P

MR WChe 3 2same s S0

MER o 3 25014 Ssasg 21519

Mo VT dCm 35 seme daogn M 168

o YRR e e

ow 1S T e

s L 35 sy asws 249 12

Mathematical models MM 431 8222 iz 532223 iié(z)gi 1728 193
and modelling process ) _ .

T Lme 35 mins seas 07
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According to Table 7, it has not been found out a significant difference between views, and thoughts of 3.class and
4.class preservice teachers in terms of how much a model resembles the object which represent (t = 2.135; p > .05),
about contribution that model made in understanding any fact (t = 1.947; p > .05), about permanence (continuity) (t =
2.509; p > .05), about the model samples that have been used (t = 2.435; p > .05). On the other hand, it has been
found out a significant difference between their views about models as being multi representations (t = 5.421; p <.05)
and their understandings about how models can be used except for being descriptive and explanatory (t = 5.886; p
<.05) and it has been found out that the differences are behalf of 3. Class preservice teachers. However, it has been
found out that there is not significant difference statistically between 3.class preservice teachers and 4.class
preservice teachers about both mathematical models (t = 1.728; p > .05) and mathematical modelling process (t
=.009; p > .05).

3.8 Second Problem: Is there any difference between the views of teachers and preservice teachers about
(mathematical) models and mathematical modelling process?

In this part, firstly the values about arithmetic averages (X) and Standard deviations (ss) related views of teachers and
preservice teachers about mathematical modelling process and mathematical models are given in Table 8 and Table 9
and afterwards they have been interpreted.

When Table 8 is examined it is found out that the teachers have been abstained or been irresolute in the last ten items
of this survey. In general, it has been found out that teachers particularly have been irresolute and abstained in the
dimensions whether how much a model resembles the object to which it represents and whether the given models are
the model or not. Because, the arithmetic average values and the most of related evaluations consist the “I am
disagreed” option. On the other hand, it may be said that the teachers are partly like - minded with the expressions
related other dimensions. However, teachers are like - minded about the expressions related many models may be
used in order to express properties of an event or properties of an object (M=4,21; M=4,19). On the other hand,
preservice teachers have been irresolte at the last twelve item of thirty item. The preservice teachers, just like
teachers, have been irresolute in the subjects of to what extent a model resembles the object to which it represents
and whether the given samples are model or not. On the other hand, the preservice teachers have been found out that
they are in category of “I partly agree” in the subject of models as being multi representations, models as being
explanatory instruments, use of scientific models and in the dimension of change of model structure. Particularly
there have been found out no item on which preservice teachers are like minded. However, teachers and preservice
teachers have been irresolute at the views of ‘a model consists everything’ about a model indicates or explains a
scientific event (M=2,77). They indicated that they are not aware of properties that are not shared as well as they are
shared properties between models and the realities represented by the model. On the other hand, a significant part of
teachers and preservice teachers are disagree that models have to be near to the reality they represent. Both teachers
and preservice teachers, even if just a tad, are aware of the roles of models as being explanatory instruments.
Because, average values belonging to five items in this dimension are, in general, changing between 3,73 and 4,17.
Although it has been determined according to the average values that the teachers and preservice teachers have
sufficient knowledge in the subject of why scientific models are used, it has been found out that the average value
regarding the view which shows that “in order to show how models are used in scientific research again models are
used”, is close to the range of instability. This result is not compliance with the thought of Treagust (2002) to the
effect that models are required to indicate how the models used in the research of models. On the other hand, the
most part of teachers and preservice teachers adopt the views of models may be changed in direction of the new
information gained. If we compare the values belong to the teachers and preservice teachers it is seen that
participators in both groups are irresolute in the similar items namely it is seen similar distribution, that the
preservice teachers generally are lower in arithmetic average values but there is no much difference between the
values of both groups, that the teachers have better understanding than the preservice teachers even if just a tad but
both groups have not sufficient knowledge about models.
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Table 8. Arithmetic Average and Standard Deviation Values Gained from Views of Teachers (T) and Preservice

Teachers (PT) Related Models

Components / Items

M (sd)-Valuation

T PT
Many m'odels' may be used t(? expres§ features’of a science phenomenon 421 (11)—SA® 400 (0.9) A"
by showing different perspectives to view an object
More than oge models developed for a scientific phenomenon, represent 305(11)- A" 3.80 (0.8)—A®
different versions of the phenomenon
‘32‘ Models can show the relationship of ideas clearly 394(1.2)-A" 3.84(0.8)-A"
p= Many models may be used to show different sides or shapes of an object 419(1.2)-A" 4.19(0.8)-A"
Many models show different parts of an object or show the objects 383(13) A" 3.70(09)_A®
differently
Many models show how different information is used 398 (1.3)-A" 3.60(1.1)-A"
A model has what is needed to show or explain a scientific phenomenon 277(1.2)-U% 275(1.0)-U°
A model should be an exact replica 2.04(1.1)-D  233(1.2)-D
A model needs to be close to the real thing 3.01(1.3)-U° 3.33(1.1)-U°
A mo.del nee@s to be close to the real thing by being very exact, so nobody 260(11)-U° 322 (1.1)— U°
can disprove it
o Everything about a model should be able to tell what it represents 3.63(1.4)—A" 3.70(0.9)-A"
E A model needs t.o be close to the real thing by being very exact in every 289(12) U0 3.17(L.1)_U°
way except for size
A model needs to be close to the real thing by giving the correct
information and showing what the object/thing looks like 33014-0% 338(01D-1°
A model shows what the real thing does and what it looks like 3.39(1.3)-U%  3.40(1.1)-U°
Models show a smaller scale size of something 3.11(1.3)-U% 3.30(1.2)-U°
Models are used to physically or visually represent something 393(1.2)-A" 3.84(1.0)-A"
. Models help create a picture in your mind of the scientific happening 4.03(1.2)—-A" 4.03(0.8)-A*
%‘1 Models are used to explain scientific phenomena 3.73(1.2)-A"  3.73(0.8) - A"
Models are used to show an idea 379 (1.1)-A"  3.50(1.0)-A"
A model can be a diagram or a picture, a map, graph or a photo 4.17(0.9)-A" 3.82(.08) - A"
Models are used to help formulate ideas and theories about scientific 386 (12) A" 3.62(1.0) A"
(% events
- Models are used to show how they are used in scientific investigations 3.54(1.1)-A" 348(1.0)—A"
Models are used to make and test predictions about a scientific event 3.65(1.2)-A" 339(1.1)-U°
s A model can change if new theories or evidence prove otherwise 368 (1.2)—A" 3.60(0.9)—A"
% A model can change if there are new findings 3.84(1.2)-A" 3.69(09)-A"
A model can change if there are changes in data or belief 3.62(1.2)-A"  333(1.1)-U°
Models are used when theory is created 3.40(1.2)-U° 3.33(1.1)-U°
Table, formula, chemical symbol or schedule is a model 339 (1.4)-U°% 3.38(1.2)-U°
E Mock-up or a toy is model 398 (1.1)-A" 3.99(1.0)-A"
Newton Laws, Archimedean Principle, Evolutionary Theory and 310(15) - U 322 (1.0)— U°

Pythagoras’ Theorem is model
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Table 9. Arithmetic Average and standard Deviation Values Gained from the Views of Teachers and Preservice
Teachers Related Mathematical Models and Modelling Process

Components/Items

T

PT

M (sd)-Valuation

Noidea M (sd)-Valuation

No idea

MM

Mathematical models can be physical
manipulatives (fraction tiles, pattern
blocks, or three-dimensional solids)

Mathematical models may be virtual
manipulatives (learning objects)

Mathematical models can be visual
representations such as a graph in the
Cartesian plane or the real number line

Mathematical models can be equations
or formulas, for example, a quadratic
equation or the distance-rate formula

Mathematical models can be visual
representations such as a scaled map of
the county or an architectural blueprint

Mathematical models can be used to
describe or summarize a given situation
in a compact form

Mathematical models can be used to

explain the underlying causes in a given
situation

4.00 (1.8)—A*

3.40 (1.8) — U°

3.90 (1.8) —A*

3.30 (1.8) — U°

3.30 (1.9) - U°

3.90 (1.9)— A"

3.50 (1.7) - A"

7 (%l1)

14 (%22)

7 (%l11)

7 (%l11)

15 (%24)

8 (%13)

6 (%10)

3.84(1.5)— A"

3.38(1.5) - U°

3.84 (1.5)— A"

272 (1.7)-U°

3.27(1.5) - U°

3.70 (1.5)— A"

2.95(1.7)—U°

7 (%l1)

10 (%16)

7 (%l11)

9 (%14)

17 (%27)

7 (%l11)

10 (%16)

MMP

Repeating steps is part of the

mathematical modelling process
Mathematical modelling situations come
from  “whimsical” or unrealistic
scenarios

The mathematical modelling process
involves making choices

The mathematical modelling process
involves making assumptions

The mathematical modelling process
involves determining if a solution makes
sense in terms of the original situation

The mathematical modelling process
involves making revisions

The mathematical modelling process
results in an exact answer or exact
answers

A mathematical modelling situation can
result in various, different mathematical
models

3.20 (1.7) - U°

1.50 (1.0) — SDr

3.00 (1.4) - U°

2.90 (1.5) - U°

3.60 (1.5)— A"

3.60 (1.7)—A*

3.20 (1.6) — U°

3.40 (1.6) — U°

6 (%10)

10 (%16)

4 (%6)

6 (%10)

2 (%3)

5 (%8)

3 (%5)

6 (%10)

2.89 (1.7) - U°

2.61 (1.6)— U°

2.89 (1.7) - U°

2.97 (1.6)— U°

3.50 (1.6) — U°

3.30 (1.8) — U°

3.10 (1.5) - U°

3.38(1.5) - U°

12 (%19)

7 (%l11)

10 (%16)

10 (%16)

8 (%13)

10 (%16)

8 (%13)

10 (%16)

When Table 9 is examined it has been found out that teachers are in general irresolute about mathematical models
and mathematical modelling views. Teachers opine that physical manipulatives may be mathematical models
(M=4,00) but they have been irresolte about visual presentations ,(maps, scales etc.) may be mathematical models
(M=3,20). Thus, number of teachers who have not opined that visual presentations (maps, scales etc.)may be
mathematical models is 15 (24%). Similarly, teachers have been irresolute in seven item of eight item related
mathematical modelling process. On the other hand, there are also teachers who have not opined about items namely
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teachers who have said “I do not know or I have no idea” and percentage of these teachers are changed between 3%
and 24%. As a result, it can be said that teachers in general have insufficient knowledge about mathematical models
and mathematical modelling process. On the other hand, preservice teachers, in general, also irresolute about
mathematical models and mathematical modelling process just like teachers. The views of the preservice teachers
about physical manipulatives and visual presentations such as diagram and number line etc. may be mathematical
models average values (for both X = 3,84) is higher than others. However, preservice teachers are irresolute mostly
about the item related “equations or formulas mathematical modelling” (M=2,72). Preservice teacher has been
irresolute on eleven items of survey. On the other hand, percentage of the preservice teachers who said “I have no idea
or I do not know” is changed between 11% and 27%. As a result, it can be said that preservice teachers have also not
sufficient knowledge about mathematical models and mathematical modelling process. When comparing the teachers
with preservice teachers it has been specified that participators in both groups are irresolute on the same items and
arithmetic average values of preservice teachers are in general lower. Especially it has been found out that participators
in both group have not much knowledge about mathematical modelling process but teachers have more knowledge
even if just a tad than preservice teachers. Again, the percentage of the preservice teachers who said “I have no idea or
I do not know” are more than that of preservice teachers. Between the teachers the thought that visual presentations
(maps, scales etc.) may not be mathematical models have presentence between the preservice teachers the thought of
equations and formulas may not be mathematical modelling have presentence. The item for which teachers and
preservice teachers have the highest percentage and for which teachers and preservice teachers opined that “I have no
idea or I do not know” is the item related weather virtual manipulatives are the mathematical modelling or not. In that
case, it can be said that both teachers and preservice teachers have insufficient knowledge about “virtual manipulative”
concept.

Secondly, independent t-test results about is there any significant difference between views about teachers and
preservice teachers about (mathematical) models and mathematical modelling process is presented in Table 10 and
interpreted.

Table 10. Independent Group T-Test about Comparison of Teachers and Preservice Teachers

Survey Components Person n M sd t p
Teacher 63 26.0156 3.76488
MMR Preservice teacher 64 26.8095 6.34456 3062392
Teacher 63 26.1094 5.12732
MER Preservice teacher 64 24.1587 7.41447 8.144 087
Teacher 63 19.0469 3.01546
Models MET Preservice teacher 64 19.6667 4.66974 3.987 375
USM Teacher 63 10.5000 2.61255 1086 )31
Preservice teacher 64 11.0476 3.07135 ’
Teacher 63 10.7188 2.28500
CNM Preservice teacher 64 11.1429 3.15644 3571 387
Teacher 63 139531 2.91917
MS Preservice teacher 64 14.0000 3.93085 4264 939
Teacher 63 254127 6.24147 X
Mathematical models MM Preservice teacher 64 23.1719 3.40194 8.937 013
and modelling process MMP Teacher 63 32.8281 5.97230 2698 595

Preservice teacher 64 32.1270 8.62759

According to the table, there has not been found out a significant difference statistically between the views of the
teachers and preservice teachers about models (t = 5.062; p > .05), about perceptions of how much a model
resembles the object which represents (t = 8.144; p > .05), about thoughts what contribution model makes in
understanding of an fact (t = 3.987; p > .05), understandings how models can be used except for being descriptive
and explanatory ( t= 1.086; p > .05), views of permanence (continuity) of models (t = 5.571; p > .05), and views of
model samples (t = 4.264; p > .05). Similarly, there has not been found out a significant difference statistically
between the views of the teachers and preservice teachers about mathematical modelling process (t = 2.698; p > .05),
but on the other hand there has been found out a significant difference statistically between the views of teachers and
preservice teachers about mathematical models (t = 8.937; p <.05) and the difference is on behalf on the teachers.
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3.2 Third Problem: What is the reason of teachers and preservice teachers requesting benefit from mathematical
models, mathematical modelling, mathematical modelling process by their perspectives?

The descriptions about mathematical modelling made by 54 teachers (86%) and 46 preservice teachers (71%) and the
codes that are created by answers gained are presented in Table 11.

Table 11. Descriptions That Are Made by the Teachers and Preservice Teachers about Mathematical Modelling.

Codes T(n) PT(m)

Concretisation on the visual models to understand abstract mathematical concepts better 13 14
Transferring the real life state into mathematical language and the process to express them 18 5
mathematically.
Use of concrete objects, forms, diagrams, pictures, materials in understanding of a mathematical 4
perception or use them in mathematical teaching
To express mathematics subjects or an expression by symbols, numbers, form for visuals 3
To express a process and system mathematically namely to make it mathematical 4 -
1
2
7

Product created for solving a mathematical problem.

To express problems visually which we have already expressed them orally.

Auxiliary elements in order to explain, visualize or clarify the subjects in mathematics and perceptions.
Descriptions of mathematical expressions by using perceptions and language. -
Structure or model by which student can envision about a subject. 1
To express a system by means of using mathematical language. 1
Making understandable and simple of an unknown thing. 2

—_— N — = A

When the descriptions made by the teachers and preservice teachers about mathematical model is examined in Table
11, it has been found out that the teachers made correct and convenient descriptions convenient to literature.
Particularly, the expressions of “transferring the real life state into mathematical language and expressing in
mathematical” and to express a process and system mathematically namely to make it mathematical” are remarkable.
However, less number of teachers and preservice teachers making correct and convenient description indicates that
participators have insufficient knowledge about mathematical modelling. Thus, when the frequency values and
number of sample is compared it is seen that frequency values in the table is low the percentage values of the
teachers and preservice teachers are respectively 86% and 71%.

The answers about what are the mathematical models are taken from 44 (70%) teachers and 39 (60%) preservice
teachers and the codes that are created from the answers are presented at the Table 12.

Table 12. The Views of the Teachers and Preservice Teachers about What Are the Mathematical Models.

Codes T(n) PT(n)
Matchsticks, counting plates, number blocks, pattern

Physical materials blocks, geometry board, abacus, algebraic tiles, algebraic 17 28

scales, cube, cylinder, circle, pyramid, concrete materials

Virtual manipulatives (learning objects), dynamic software,

Computer aided materials . . 9 5
fractals, simulations

Materials from daily life Basketball hoop, scales, stove pipes, board 4 3

Mathematical structures Equations, formulas, symbols, forms, tables, 11 3

Visual presentations Forms, tal?les, diagrams, concrete visuals 15 3
Geographical map, world map 2 2

A minimised of something 1 2

Daily life problems 5 -

According to the table, most of the teachers and preservice teachers have answered this question with correct,
significant and acceptable answers. However, the answers for this question overstep the limit may be arisen from
similarity of this question to the survey questions. Although the answers to this question overstep the limit, it has
been found out that teachers and preservice teachers could not link the some of the samples with modelling in correct
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form. This indicates that participators in both groups have insufficient knowledge with mathematical models. Thus,
the frequency values of both teachers and preservice teachers is the lower value according to the sample and the
percentage values of the teachers and preservice teachers are respectively 70% and 60%.

The descriptions about what is the mathematical modelling process have been gained from 32 teachers (51%) and 8
preservice teachers (13%) and the codes that have been created by the answers are presented at the table 13.

Table 13. Descriptions of the Teachers and Preservice Teachers about Mathematical Modelling Process.
Codes T(n) PT(n)
Description of the real life problem, and simplify it, creating a real life problem, transforming the

problem, developing it, and solving it. To interpret the model, verifying it, and using it. 8 !
Explanation, indicating, using model, (making contact) . 4 1
Process of describing the problem, interpreting it, using model, (making contact) and evaluation. 12 1
Concretisation from beginning to the end and solution development process. 1 -
Introduction, developing and results. 2 1
Designing the material, using it, taking feedback, determining the deficiencies according to the 1 )
feedbacks and developing the material.

To understand the facts and the problem, simplifying the problem, transferring into the | i

mathematical environment, process of evaluation of probable solutions.

To reveal the form of model and the results of experiments, to determine mathematical expressions
convenient to these results, to write formulas and equations according to these expressions, process 1 -
of to make them mathematical.

Process of mathematical modelling. To make a model easily understandable by making modelling. 1 1
Process of modelling. Selection of the subject. To make preparations, to apply it and to evaluate it. - 1
Process of solving mathematical problem and reasoning process. - 1

According to the table rarity of teachers and preservice teachers who answers to this question is remarkable. On the
other hand, much of the answers are not related with mathematical modelling process but with problem solving
process. Very few teachers and preservice teachers gave correct and significant answers about mathematical
modelling process. Under the circumstances both teachers and preservice teachers have insufficient information
about modelling process. Thus, lower frequency values in the table that have been gained from the views of 32
teachers (51%) and 8 preservice teachers ((13%) displays the truth of the results.

The answers related to the request for benefitting from mathematical modelling have been gained from 57 teachers
(90%) and 54 preservice teachers (83%) and the codes that have been gained from answers are presented in Table 14.

Table 14. Teachers and Preservice Teachers’ Reasons of Requesting for Benefitting from Mathematical Modelling

Codes T(n) PT(n)
Making easier to make abstract things concretization 11 9
Reflecting real state 9 8
Making information permanent 6 8
Making understanding easier 7 7
Developing the perspective related to visuality 9 6
Making learning easier 8 6
To secure student learning from doing, living and seeing 2 4
Making envisioning easy 1 3
Removing concept mistakes - 2
Addressing more than one senses 2 1
Developing problem solving skill 6 -
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According to the results in the Table nearly all teachers and preservice teachers express that they request benefit from
mathematical models in mathematics teaching on account of “to make learning and teaching easier, to make them
concrete, to make the information permanent, to make understanding easier, to develop perspectives related to
visuality, to make envisioning easier, and to address more than one senses”. However, just like open-ended questions
the teachers and preservice teachers in this question were not able to make sufficient justifications why they have to
benefit from mathematical modelling.

4. Discussion

There has been found out significant differences statistically between the views of mathematics teachers according to
their gender, their thoughts about the contribution of model to understanding any fact, their understandings about
how the models can be used except for being descriptive and explanatory and their views about permanence and
continuity of the models and it has been detected that all of these differences are on behalf of the female teachers. On
the other hand, according to the gender of mathematics teachers there has not been found out significant difference
between their views about model samples that have been used about their perceptions about how much a model can
resemble the object which represents it, about their views about the contribution that model made in understanding of
any fact, how they are used except for being descriptive and explanatory and their views about model samples that
have been used. However, it has been found out significant difference statistically between their views about
permanence (continuity) of the models and it has been detected that this is on behalf of female preservice teachers.
Ozay Kose and Giil (2016) in the research they made with biology preservice teachers specified that there was a
significant difference in terms of gender variable only between their views about contribution made by model in
understanding a fact and this difference is on behalf of the female students. On the other hand, Aslan and
Yadigaroglu (2013) specified that it has not found out a significant difference according to the gender variable in the
six dimensions of the same survey related to the models in the study they made with the students. But the results that
have been found in this study differ from the existing results. On the other hand, it has been found out that there is
not a significant difference statistically between the views about both mathematical models and mathematical process
according to the gender of mathematics teachers and preservice teachers. In the research it has been specified that
female teachers and preservice teachers have higher averages than that of male teachers and it has been found out
that existing significant differences are on behalf of the female teachers. This finding may be related with the way of
learning of males and females. Because, in a research that has been made there were differences in the form of
learning in terms of genders and female teachers have higher averages than that of male teachers (Cubukgu, 2004).
Thus, if the (scientific) models are supposed to be addressed to both visual and bodily senses there would not be
surprised to have a difference on behalf of females.

It has not been found out a significant difference statistically between the views of mathematics teachers in different
age brackets and experience years related to the models pertinent a model how much resemble the object, views
related multi representations, the contribution that model made in understanding a fact, understandings related to
how the models can be used except for being descriptive and explanatory, their views about the permanence
(continuity) of models and their views about model sample that have been used. In similar way, it has not been
found out a significant difference statistically views about mathematical models and mathematical modelling process
of the teachers in different age brackets and experience years. These results indicate that the views of the teachers
about (mathematical) models and mathematical modelling process have not been fairly changed as long as their ages
and experience years increase. The reason of this result is the insufficient knowledge of the teachers related
(mathematical) models and mathematical modelling namely their average values related to the views that have been
gained and the existence of the teachers who say “I have no idea”. There are no much studies in this subject.
Schwerdtfeger (2017) in his research could not find a significant difference statistically between the views of
elementary school teachers having different experience years related to the mathematical models and modelling
process.

It has not found out a significant difference statistically between the views of middle school and high school teachers
related the models as being multi representations, their conceptions related how much a model resemble an object,
their thoughts related to the contribution that has been made by a model in order to understand a fact, their
understandings related how the models can be used except for being descriptive and explanatory, their views related
to the permanence or continuity. However, it has been found out a significant difference statistically between their
views about the model samples that have been used and it has been specified that the difference is on behalf of the
middle school teachers. Similarly, it has been found out a significant difference statistically between the views of
mathematics teachers teaching in different school types about both mathematical models usage and mathematical
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modelling process and it has been specified that the difference is on behalf of middle school teachers. The reason of
this difference may be arisen that the teachers can establish better relations between daily life and the mathematics
subjects or the experiences of the teachers that have had beforehand (Urhan & Dost, 2016; Yu & Chang, 2009).

It has not been found out a significant difference statistically about the perceptions of the mathematics teachers in
different teaching level (3. and 4. Class) regarding how much a model resembles the object that it resembles, their
thoughts about the contribution made by the model in understanding of a fact, views related the permanence of
models, their views about model samples that have been used. But it has been found out a significant difference
statistically between their views about models as being multi representations and their understandings related how
the models can be used except for being descriptive and explanatory and it has been detected that the difference is on
behalf of 3.class preservice teachers. Aslan and Yadigaroglu (2013) in the study they made with science and
mathematics training postgraduate students they specified that it has not been found out a significant difference in six
dimensions at the same survey according to the education year variables. On the other hand, Ozay Kése and Giil
(2016) in the study they made with biology preservice teachers they specified that there is only a significant
difference between the views about the contribution that has been made by a model in understanding a fact in terms
of class level variable and said that the difference is on behalf of the students whose class level increased. However,
being the difference on behalf of 3.class preservice teachers but not of 4.class preservice teachers is conflicted with
the study made by Ozay Kése and Giil (2016). In this context in the end of the interviews made with an academician
informally at the department where survey is practised it has been detected that 3.class preservice teachers had earlier
training about mathematical modelling but 4.class preservice teachers had not any training in this subject. For this
reason, it has been found out that knowledge of the 3.class preservice teachers about this field has been developed
positively even if just a tad (Danusso et al., 2010). However, it has not been found out a significant statistically
difference between the views of 3.class and 4.class mathematics teachers about both mathematical models and
mathematical modelling process.

Both teachers and preservice teachers generally have been impartial and indecisive in nearly one third of survey
items related models. It has been found out that teachers and preservice teachers are in general indecisive about how
a model can resemble the object to which it represents namely their knowledge is insufficient. The results of the
studies in literature (Ergin et al., 2012; Giines et al., 2004) and the results that have been found out shows similarity.
While the teachers are like minded on the statements related many models can be used to express the characteristics
of a fact or object they told that they are partly like-minded on other dimensions about models. Similarly, preservice
teachers are partly like-minded on participating on the other statements. In this context it has been found out that
teachers and preservice teachers show similar distribution, arithmetical average values of the preservice teachers are
a bit lower, teachers have better understanding even if just a tad, but it has been detected that both groups have not
sufficient knowledge about models. However, it has been found out that teachers and preservice teachers are in
general indecisive in their views about mathematical models and mathematical modelling. Teachers opine that
physical manipulatives may be mathematical models, but on matter of visual presentations (maps, scales etc.) may be
mathematical models they are both indecisive or they said that I have no idea (nearly one fourth). The views of the
preservice teachers that average values physical manipulatives, diagrams, number lines etc. visual representation
may be mathematical values are higher than the others. However, preservice teachers are generally indecisive on the
statement “equations or formulas are mathematical modelling”. The view of the visual presentations (maps, scales
etc.) may not be mathematical models is predominant in the teachers but on the other hand the view of the preservice
teachers about presentations (maps, scales etc.) may not be mathematical models are dominant. When the teachers
and preservice teachers compared it has been found out that the participators in both groups are indecisive and
arithmetical average values of the preservice teachers are in general lower than the other. Particularly, it has been
found out that participators in both groups have insufficient knowledge about mathematical modelling process but
the teachers have more knowledge even if just a tad than the other. Percentage of preservice teachers who say “I have
no idea or I do not know” is more than that of teachers. The item having the highest percentage about which teachers
and preservice teachers opine as “I have no idea or I do not know” is the item about virtual manipulatives may or
may not be mathematical modelling. Thus, it can be said that both teachers and preservice teachers have insufficient
knowledge related “virtual manipulative” concept. On the other hand, according to the independent group t-test, it
has not been found out a significant difference statistically between the views of teachers and preservice teachers
about models as being multi representations, perceptions of how much a model can resemble an object, thoughts
about the contribution made by the model in understanding of any fact, their understanding how models can be used
except for being descriptive and explanatory, their views about the permanence (continuity) of models and their
views about the model samples used. Similarly, a significant difference has not been found out between the views of
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the teachers and preservice teachers about mathematical modelling process, but, on the other hand, it has been found
out a significant difference statistically and the difference is found out that it is on behalf on the teachers. This may
be arisen from the fact that teachers had more experiences about modelling. Schwerdtfeger (2017) in his study could
not found out a significant difference statistically between the views of teachers and preservice teachers about
mathematical models and modelling process.

Teachers made more descriptions correct and convenient to literature than that of preservice teachers. Particularly,
number of teachers who made a convenient description as “transferring real life state into mathematical language and
specified as mathematical” is more than that of preservice teachers. However, the lesser number of teachers and
preservice teachers who made correct and convenient description indicate that the participators have insufficient
knowledge about mathematical modelling description. It has been found out that both teachers and preservice
teachers gave significant and acceptable answers to the question of what are the mathematical models. Although
there are much answers to this question it has been found out that teachers and preservice teachers could not linked
some of the samples with modelling significantly and correctly. Rarity number of teachers and preservice teachers
who answered to the question related what is the mathematical modelling process is remarkable. Most of the answers
is not related with mathematical modelling process but with problem solving process. Although the problem solving
and mathematical modelling process steps are linked with, when we pay regard to Pollak (2003) and Zawojewski
(2010) who described the differences between problem solving and mathematical modelling process, it has been
found out that the descriptions related mathematical modelling process is not valid. Although the problem solving
and mathematical modelling process steps are linked with, when we pay regard to Pollak (2003) and Zawojewski
(2010) who described the differences between problem solving and mathematical modelling process, it has been
found out that the descriptions related mathematical modelling process is not valid. Very little number of teachers
and preservice teachers gave correct and significant answers related with mathematical modelling process. Thus, we
can say that the most knowledge of teachers and preservice teachers related is insufficient. Almost all of teachers and
preservice teachers said that they wish to use modelling in their teaching. Giinbatar and Sar1 (2005) expressed that
they found practical to use model in the teaching of most teachers. Teachers and preservice teachers expressed that
they wanted to benefit from mathematical models In mathematics teaching due to the reasons that they make learning
and teaching easier, make knowledge lasting, make understanding easier, make perspectives about visuality
developed, make envisioning easier, addressing to the more than one senses. Thus, Giinbatar and Sar1 (2005) made
clear that teachers are the instruments securing understanding the abstract concepts, increasing participation in class
and making contributions to thinking.

5. Conclusions and Recommendation

As a result, views of the teachers and preservice teachers regarding (mathematical) models and mathematical
modeling shows differences according to some variables, however, it is not found out most significant differences in
the views of the teachers and preservice teachers in regard with these subjects. On the other hand, it has been found
out that teachers and preservice teachers have deficiencies related models, mathematical models and the nature of
mathematical modelling process, namely they have insufficient knowledge about these matters. Hence, a lot of studies
in literature indicate that teachers and preservice teachers in different fields have insufficient and complex knowledge
about models, modelling, mathematical models and mathematical modelling process (Danusso et al. 2010; Everett et
al., 2009; Justi & Gilbert, 2003; Smit & Finegold, 1995; Treagust, 2002; Van Driel & Verloop, 1999). For this reason,
we may say that it would be beneficial for teachers to have in service seminars and for preservice teachers to have
theoretical knowledge in order to remove their insufficiency and to improve their knowledge they have.
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