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Abstract

This article describes the results of analysis of the content of the two most commonly used Slovenian secondary
school physics textbooks, from the standpoint of the presentation of modelling stages in the solved problemas.
We investigated the extent to which the four main stages of modelling process are presented in the solved
examples of individual physical areas and analysed the results. The analysis shows that the conceptual phase is
very poorly presented, while, in most cases, the emphasis is on the stage of model analysis, i.e. solving
mathematical equations. The validation stage of modelling process can be hardly detected in solved examples.
It means that students are not able to recognize the value of the experiment, when assessing the relevance and
accuracy of developed models.
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Resumen
Este articulo describe los resultados de andlisis de contenido de dos libros de texto de fisica que son
cominmente usados en la escuelas preparatorias en Eslovenia, desde el punto de vista de presentacion de las
fases de la modelacion en los problemas resueltos. Hemos investigado hasta qué extension se presentan las
cuatro fases principales del proceso de modelacion en los ejemplos resueltos en los areas individuales de fisica
y hemos analizado los resultados. El analisis demuestra que la fase conceptual se presenta de manera muy
pobre, mientras, en la mayoria de los casos, el enfasis estd en la fase de analisis de modelo, es decir, en la
solucion de ecuaciones matematicas. La fase de modelacion del proceso de modelacion dificilmente se detecta
en los ejemplos resueltos. Eso significa que los estudiantes no son capaces de reconocer el valor de

experimento, cuando evaluan la relevancia y la precision de los modelos desarrollados.

Palabras clave: andlisis de libros de texto de fisica, método de modelacion, solved problems.
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I. INTRODUCTION

The prevailing opinion of students about physics is that it is
boring, too abstract and completely irrelevant to everyday
life [1, 2, 3, 4, 5], and as such useless which makes it not
worth to learn. Such a view is not so surprising, because in
the classroom we often treat such cases where it is necessary
only to find an appropriate formula, insert numbers and
calculate the unknown quantities [6, 7, 8]. Lillian
McDermott [9, page 296] wrote, more than twenty years ago,
that the key findings of physics teaching research suggest
that “a coherent conceptual framework is not typically an
outcome of traditional instruction”. In the traditional physics
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teaching, we usually start from the observed physical
phenomena, derive equations and show examples of the use
of equations in problems solving and all this is supplemented
with laboratory work. However, as researches show some
shortcomings of traditional physics teaching, in recent
decades appear several different approaches, which should
improve this situation. All these approaches are, more or
less, based on the fact that the students must be mentally
active in the classroom, which is one of the main conditions
for a functional understanding of physics [10, 11, 12, 13].
Hestenes [14] argues that the situation can be improved with
the modelling approach, where the entire teaching of physics
is organized around a small number of basic models, which
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are then used in specific situations. Such a view is in contrast
to the traditional physics teaching, where the emphasis is on
learning the final models and not on the modelling process
itself. Modelling approach has shown positive impact on the
understanding of basic physical structure [15, 16, 17],
therefore Angell and colleagues believe that modelling is
becoming an increasingly important component of modern
physics curriculum [18].

In addition to teaching methods, a textbook is also an
important part of the educational process. The textbooks
reflect and implement curriculum, define the sequence of
content in them, the laws of physics are explained and a very
important part of the textbooks are also solved tasks.
Research shows that students when solving physics problems
often resort to solved tasks in textbooks and seek analogies
that help them in solving [19, 20]. From this perspective, it is
important that solved examples in physics textbooks present
in detail all the steps in solving the problem. In particular,
this applies to solving problems related to complex
dynamical systems, where knowledge and proper use of the
various phases of mathematical modelling plays an
important role in the process of problem solving. Knowing
the phases of mathematical modelling combined with
experimentation is the basis for solving problems and
understanding of systems in various fields of social and
natural sciences [21, 22, 23, 24].

In the light of this issue, we focus our attention on the
representation and presentation of the various phases of
mathematical modelling in the solved examples in Slovenian
secondary school physics textbooks. The importance of our
research is in finding correlations between the representation
of the wvarious phases of mathematical modelling in
textbooks and efficiency of solving complex physics
problems. The reason for poorer results of Slovenian
students in international researches of physics knowledge in
problem solving that require higher cognitive skills [25, 26],
could therefore be, at least partially, explained by the lack of
the various phases of mathematical modelling in textbook
examples. In a previous study [27], we have already shown
that secondary school physics textbooks don’t give enough
emphasis on accurate presentation of idealizations and
simplifications, which we usually assume when dealing with
problems in secondary school physics. In present study we
further expand this analysis on the remaining phases of
mathematical modelling.

In this articles, we first describe in detail the concept of
modelling and model and define each stage of mathematical
modelling, which is, in our opinion, essential in solving
physics problems at the secondary education level. To get a
better insight into the current state, next to review of all the
tasks, we do an analysis of individual domains of secondary
school physics. Then we present the results of research,
where we analyse the representation of the various modelling
stages in the two most commonly used Slovenian secondary
school physics textbooks. In the end, we discuss the results
and we give guidance to achieve better results in solving
physical problems that require higher cognitive skills.
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Il. MODELING METHOD IN
EDUCATION

PHYSICS

According to several authors [28, 29, 30, 31, 32], knowledge
of the models and the modelling process is crucial for
understanding how the science works. Therefore, it is
important that we accurately present models which are used
in physics teaching. Hestenes, in several articles [14, 33],
defines a model as a physical representation of the structure
of the system and its characteristics, and explains that in
physics we work with mathematical models, which means
that we strive to present the observed properties with the
quantities. Mathematical model we simulate interprets
results and evaluates the validity of the model so that the
results of the model are compared with experimental data
[34]. The model is then developed to match the simulation
results with the experimental results reasonably. We do this
as long as this correspondence is not at a satisfactory level.
Etkina and colleagues [35] recorded that in setting up a
mathematical model we do several types of simplifications
and they introduce a model of a body, a model of interaction,
a model of the system, which is a combination of first two
models, and a model of the process that describes the
changes in the system. A more detailed description of the
various stages of modelling can be found in works of several
authors [36, 37, 38]. Based on the analysis of these methods,
we define the phases of mathematical modelling, which in
our opinion are appropriate or necessary to deal with the
complex physics problems at secondary education level
(Figure 1).
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FIGURE 1. Proposed method of mathematical modelling in
secondary physics education.

Model analysis

Any mathematical description of the real process requires
from us to define the scope of the problem that we are
interested in, as well as the goal and purpose of the model.
The purpose of the model is important because it leads us to
make choices about the complexity of the model, the
accuracy of the involved parameters, of the boundaries of the
model and other factors. Richardson and Pugh [39] argue
that "model without purpose is like a ship without a sail." By
selecting the purpose of the model, the criterion is defined,
under which the appropriate system and its boundaries are
selected. The next step is to decide how the body or system
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of bodies will be simplified, which means choosing an
appropriate model of the body (eg. particle body, rigid
body).

We also need to decide which model of interactions will
we choose - which interactions will be considered and which
not. After selecting the model of the body and the model of
interaction, we select physical quantities, which we believe
could affect the behaviour of the body or system of bodies.
Then a visualization of the problem follows to demonstrate
more clearly the important aspects of physics and highlight
the given information. It is important to present as many
information about the assumptions as possible. The pictures,
graphs, diagrams of forces, motion diagrams, charts rays or
any other visual tools can be of great help in this
presentation. On the basis of the model of the body and the
model of interactions in second modelling stage, also called
the formulation of the model, the functional relationships
between the variables are developed, thus obtaining a
mathematical model of the entire process. Models of the
process can be state equations that describe how one or more
properties of the system changes with respect to each other,
or causal equations describing how the properties of the
system change due to interactions with the environment. The
result of the second phase is the mathematical representation
of equations which must be solved. The third phase is the
model analysis and in this phase the equations are solved and
the process characteristics and implications of the model are
analysed. In the validation phase of the modelling process
we compare the results of the mathematical model with the
results of the experiment and validate the reasonableness of
the results obtained. In the case of discrepancies the whole
process of modelling is repeated.

I11. ANALYSIS OF SOLVED PROBLEMS IN
TEXTBOOKS FOR SECONDARY SCHOOL
PHYSICS IN SLOVENIA

In Slovenia, the official textbooks are confirmed by the
Council of Experts for general education, after ascertaining
their conformity with the objectives of the curriculum and
their content, didactic and methodical suitability. For
secondary school physics, there are five approved textbooks,
but according to the abundance of use, the two textbooks are
standing out and our further analysis is limited only to these
two textbooks [40, 41, 42, 43, 44, 45]. While the first edition
of the Kladnik textbook has been written in the nineties and
their concept didn’t change through the years, the Mohoric¢
and Babi¢ is a modern textbook for secondary school
physics, which was written in the last three years. In both
textbooks there is a large number of solved examples
(Mohori¢ and Babi¢ textbook - 281 solved examples,
Kladnik textbook - 201 solved examples), which were
analysed from the perspective of the various stages of
modelling process.

In the context of the conceptualisation phase we first
analysed, whether in the text of the example or in the
solution the simplifications, the idealizations or other
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assumptions, which we assume when dealing with problems,
are explicitly mentioned.

The conceptual stage of modelling includes also the
visual representation of the problem, so we analyse how
many solved examples are equipped with a sketch, diagram,
graph, or other form of visual aids that helps us to illustrate
the problem. In order to determine the extent to which the
formulation stage of modelling is represented, we reviewed
all the examples and determine whether the derivation of the
final equation from all assumptions can be clearly seen or it
is just written without detailed explanations or derivations.
Based on experience, we expect that in solved examples the
analysis stage of modelling is the most common one. In the
final step, we analyse whether the obtained solutions are
validated, if their reasonableness is assessed or whether the
solutions are compared with any experimental data, which
we include in the validation stage of the modelling process.
The proportion of the individual stages of modelling in both
analysed textbooks is presented in Figure 2.
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FIGURE 2. The representation of the various stages of modelling
process (in %) in both textbooks.
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As expected, the stage of model analysis is the most frequent
one. In the textbook from Kladnik the 98 % of solved
examples are the classical computational problems, where
the model analysis is the main part of problem solving. Such
a large percentage of computational examples further
reinforces the view that physics is a science in which we
solve problems for which it is necessary only to find the
right formula, insert numbers and calculate the desired
quantity. In textbook from Mohori¢ and Babi¢ this
percentage is smaller, with 72% of such problems in which
the model analysis is explicitly presented. This smaller
number is attributed to the fact that in this textbook there are
more such examples that qualitative treat certain physical
problem. A more detailed overview of the various areas of
physics, which is shown in Figure 3, exposes an interesting
fact that in textbook from Mohori¢ev and Babi¢ the
minimum percentage of computational examples is in the
introductory chapter of mechanics. In this chapter, the
authors give a greater emphasis on qualitative understanding
of basic physical concepts, in which they followed the
instructions from the physics curriculum [46]. In curriculum
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states, that the teaching of physics should be based on
qualitative treatment of the subject matter. This qualitative
aspect is especially important for students who first
encounter with secondary school physics, because in such a
way we teach them from beginning that in solving physical
problems they must favour a qualitative analysis of the
problem in front of a mere computation.
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FIGURE 3. The proportion of solved examples in both textbooks
(in %), that explicitly present the model analysis stage of the
modelling process.

At the formulation stage on the basis of basic physical laws
in a particular area, together with the models of the bodies
and interactions the final equations are recorded. From those
equations are in the model analysis then the results
calculated. A comparison of two textbooks in Figure 2 shows
that the formulation of the model in both textbooks is
presented in approximately twice the smaller number of
cases as the model analysis stage. This means that in half of
computational examples the process of a mathematical
model setup from of the initial assumptions to the final
equation isn’t obvious. In some cases, only a trivial
calculation of certain physical quantities is needed and the
formulation of the model is not required, but from the
examples in the textbook, however, is expected to present a
meaningful whole process of physics problems solving in
which the formulation of a mathematical model is also
included. Detailed representation of model formulation stage
in individual physical fields is shown in Figure 4. It reveals
that in the textbook from Kladnik 70% of all solved
examples in the field of mechanics the model formulation
stage is explicitly presented. To students that learn from this
textbook, particularly in sections of kinematics and forces, a
significant number of solved problems with a clear presented
and detached model formulation and model analysis stages
are available. Unfortunately this is not the case in other
chapters where this percentage decreases to 30% and in these
chapters the classical computational tasks such as “compute
capacity of the capacitor, if you know the voltage between
the plates and the charge on the plates” dominate. In a recent
textbook the deviations between physical areas regarding the
representation of the model formulation stage are smaller,
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but similar as in textbook from Kladnik the smallest
proportion of problems that contain this stage is in the field
of electricity and magnetism.
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FIGURE 4. The proportion of solved examples in both textbooks
(in %), that explicitly present the model formulation stage of the
modelling process.

Simplifications and idealizations are a key part of the
solution of physical problems and so are all the more
surprising results presented in Figure 2 that in both the
analysed textbooks there are less than 10% of solved tasks
where the default assumptions are explicitly presented. A
small number of assumptions in the textbook from Mohorié¢
and Babi¢ can be attributed to the fact that the model of
bodies and interactions are explained in the text, so the
authors didn’t further interpreted those models in solved
examples. In previous study [27], we showed that in
textbook from Kladnik the simplifications and idealizations
in the text are not explained in detail, so we expected them to
be described in greater detail in the solved examples. The
analysis of the solved tasks did not confirm our expectations.

Figure 5 shows the percentage of solved cases in various
physics fields, where the default assumptions are explicitly
present. It can be seen that in both textbooks the
thermodynamics stands out, where the majority of the
default assumptions are relating to the model of an ideal gas,
or the stationary heat conduction. In the field of mechanics
the proportion of the solved tasks with these assumptions is
small, which especially in textbook from Kladnik leads to
tasks that do not have too much contact with reality. For
example, in the chapter on linear motion we can find an
example of the hunter airplane that descends at a speed of
300 m /s and drop a bomb, for which from the equations of
the free fall is calculated that over 10 seconds it will fall to
the ground with the velocity 400 m/s.

Despite the velocity that is greater than the speed of
sound in air at normal conditions, the reader doesn’t find out,
why the equations of free fall are applied. As the obtained
result is not commented, similar tasks can cause confusion
regarding the applicability of equations of the free fall. In our
opinion for that task would be appropriate to clarify that,
while air resistance in this case is not negligible, by using
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equations of the free fall we can estimate the order of
magnitude of the falling time, while for a more accurate
determination of that time we must also take air resistance
into account.

With such a clarification the use of model of the free fall
becomes more meaningful and students start from the very
beginning to think that greater precision requires a more
sophisticated models.

20,0
18,0
16,0
14,0
12,0
10,0 |
8,0 -

6,0 -

4,0 -

ol .

0,0 - . " " "
o

W Mohori¢ in Babi¢

[ Kladnik

. S o &

(\\0 &\c Q,_,é‘ & B

& < & K S5
& S & > &
K & & S &
&‘{\ é\-’ 4“‘6 ()b
& d’b & <~
© &
2 &
F &

FIGURE 5. The proportion of solved examples in both textbooks
(in %), that explicitly present the default assumptions or models of
the body and interaction.

Visualization of every physical problem is an important step
in the conceptualisation stage, because with the help of the
picture, graph, diagram, or other means for the visual
presentation of the problem it is easier to present and
organize our knowledge. Textbook from Mohori¢ and Babic¢,
where 43% of solved examples are visualized (Figure 2), at
first glance gives the visualization great importance, but on
closer inspection, which is shown in Figure 6, we find some
interesting things. For example, this textbook in chapters on
mechanics presents a large number of solved examples that
are visualized and the percentage of such examples exceeds
50%. But when dealing with other physical fields the number
of solved tasks as well as the percentage of visualized tasks
decreases despite the fact that there are treated subjects
whose visualization is crucial, such as geometric optics, or
electric and magnetic fields. In these areas of physics apply
other visualization means, such as drawing ray diagrams of
electrical circuits or diagrams of magnetic fields. It is
important for students to acquire and understand as many
different ways of visual presenting problems in physics,
because in this way they are expanding range of cases, which
they can solve with the systematic modelling approach. As
shown in Figure 6, textbook from Kladnik gives very little
importance to visualization, because only 27 cases out of 207
examples contain visual presentation. More than half of
these cases are in the chapter on forces, where clearly
illustrates the use of diagrams of forces in the analysis of the
problems that fall within the scope of Newton's laws.
Especially particular is the fact that in all areas of physics
except for the mechanics there is almost no trace of solved
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examples that show how to visually represent a specific
physical problem, which raises the question to what extent
do students that use this textbook understand the importance
of visual presentation for models building and problem
solving.
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FIGURE 6. The proportion of solved examples in both textbooks
(in %), that visualize the described problem.

The last phase of modelling, this is the stage of the model
validation, is in solved tasks in both textbooks presented
only for the sample (Figure 2). While in the textbook from
Kladnik we found only one task where the model result is
compared with the results of the experiment, there are five
such cases in the second textbook, which, given the large
number of solved tasks remains insignificant number. The
fact that the model validation phase practically does not
occur in the solved examples in textbooks, presents a serious
problem, because students in assessing the correctness of a
model when working with textbooks do recognise the value
of an experiment. One of the reasons that the validation
phase is in solved tasks very poorly represented is also that
these tasks usually do not arise from the experiment, but
from an already well-defined problem, where it is necessary
to get the results of a mathematical model. For validation we
need experimental results that can be compared with the
results of the model, therefore, the writers of textbooks in the
future should consider to involve a larger number of such
examples, which are directly related to the experimentally
obtained data.

IV. CONCLUSIONS

Setting up a mathematical model of a phenomenon and
experimental verification of their validity are the main
methods of science, so it is surprising that only in the last
two decades the modelling is paving the way in the field of
physics teaching. In obtaining an understanding of the
modelling process and its importance for developing a
conceptual understanding of physics, it is important that also
solved examples in textbooks adequately represent all stages
of model setup. In this paper we present an analysis of
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solved tasks in the two most commonly used secondary
school physics textbooks in Slovenia, where we focus on the
different modelling stages and their representation in these
tasks.

We have found that by far the most represented stage is
model analysis, which is in line with expectations and one of
the textbooks is even going so far that almost all solved tasks
in it explicitly present this computational part of modelling.
Model formulation stage is less represented. One of the
reasons is because there are many quite trivial computational
examples where the whole modelling process is not
necessary. Model conceptualization stage is excluding the
area of mechanics and thermodynamics in both analysed
textbooks very poorly presented. While in the chapters of
mechanics and thermodynamics in both textbooks there is
about 10 % of solved tasks such that the models of the body
and interactions are explicitly written down, in the remaining
chapters there are only 3 % of such examples.

In this way, the students do not see the importance of
idealizations and simplifications in physics problems
solving, which is why they also have problems in
understanding the limitations and validity of developed
models. The last modelling stage is the key to validity of the
model, so it is all the more important that students
understand the importance of this stage. Last but not least,
the modern science began only with Galileo, who realized
the importance of systematic and rigorous experimentation
for validation of hypotheses and arguments.

It is therefore all the more negative the fact that both
analysed textbooks do not expose the importance of the
validation of obtained results, because in the solved tasks we
detected only a very limited sample of cases where the
results are compared with the experimentally obtained
values. If we want students to know and understand the
importance of modelling and experimentation for the
development of science and understanding of the world
around us, it will be necessary that solved examples in
textbooks equivalently show all the modelling stages. Future
textbooks will have to adopt to that.

This study represents the first step towards gaining a
better insight into the problems that students have in solving
physical problems. In the future, it makes sense to upgrade it
with a detailed analysis of performance in solving physics
tasks on “matura” exam, which is the graduation exam in
secondary school education in Slovenia. Then it will be
possible to make a more detailed connection between
representation of the modelling stages in solved examples in
textbooks and knowledge of the students.
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