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Abstract

Mathematical modelling (MM) plays a pivotal role in the integration of Science, Technology, Engineering and Mathematics
(STEM) into school studies. This current empirical study suggests using a four-step solution plan as a scaffolding tool during
the instruction of MM tasks in a STEM context in formal school mathematics. The study goals are twofold; first to recognise
MM -oriented scaffolding practices of teachers during observations of their instruction of MM tasks. Second, to explore the
differences in type and quantity of the recognised scaffolding practices, while comparing MM task instruction in a STEM
context of expert and novice teachers. Using a multiple case study design, we conducted an in-depth study of MM scaffolding
practices implemented during instruction of three MM tasks in a STEM context (the ‘Mobileye’, ‘Gamma correction’, and
‘GPS’ MM tasks) taught by three expert teachers and five novice teachers, in a total of five lessons for each group. Findings
revealed three types of practices to support a particular solution plan step, enact the transition between solution plan steps,
and motivate students' MM learning. A similar distribution of practices between expert and novice teachers was revealed,
while support in each step of the solution plan was evident to all, especially during the mathematical search step. The study

provides a perspective on the necessary practices that may take place in modelling instruction in a STEM context.
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1 Introduction

STEM (Science, Technology, Engineering, and Mathemat-
ics) has been emphasised in economic policy, educational
policy, and educational practice in recent years (Li et al.,
2020). This integrated approach is essential given the fast-
paced technological, industrial, and societal transformations
in our world (Roehrig et al., 2021). Mathematics plays a cru-
cial role across all the mentioned disciplines, as scientific,
technological, and engineering applications often rely on
(complex) mathematical models. Understanding the appli-
cability of math in STEM disciplines empowers learners to
engage actively and knowledgeably in their personal, civic,
and professional endeavours (e.g. MaaB et al., 2019; Niss &
Blum, 2020).
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The interdisciplinary and therefore integrated nature of
STEM (e.g. Roehrig et al., 2021) can be introduced to stu-
dents through mathematical modelling (MM), enabling stu-
dents to gain an understanding of mathematics within STEM
fields (Kohen & Orenstein, 2021; Cohen-Nissan & Kohen,
2023). In our contribution, MM is understood as a crucial
link to computer science, the sciences and technology and
can thus be considered (very) relevant to society (Kohen
& Nitzan, 2022). The student, as a modeller, must under-
stand a real-world situation and (re)construct its underlying
elements in order to simplify the situation and develop a
comprehensible mathematical representation of the problem.
Individual STEM disciplines generally have their own cul-
ture and approach to modelling domain-specific phenomena.
Therefore, we attempt here an integrative merging from a
mathematics didactics perspective.

There is a scarcity of research evidence concerning the
utilisation of MM within formal school mathematics, spe-
cifically when integrated within a STEM context. In publi-
cations of the last five years addressing STEM integration
in school studies, an increasingly holistic view of it as a
subject field is taken, mainly from a science perspective,
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however not from a mathematical or mathematics education
perspective (e.g. Just & Siller, 2022). MM instruction in a
STEM context is a challenging task, as it demands informed
adaptation of the interdisciplinary STEM-related aspect of
the MM tasks to school mathematics (Maal et al., 2019).

It is particularly the teachers’ role to support their stu-
dents in effective engagement with MM tasks in class (Schu-
kajlow et al., 2018), particularly in a STEM context (Geiger,
2011). Yet little is known about the practices that scaffold
modelling instruction in such contexts. Although several
studies have contributed to our understanding of how mod-
elling instruction can be supported (e.g. Borromeo Ferri,
2018; Greefrath et al., 2022), there are no clear definitions
of MM-oriented scaffolding practices, especially in relation
to modelling in STEM-related contexts. Moreover, there is
ambiguity as to the role of teachers’ expertise in scaffolding
practices for modelling instruction.

In this article, we suggest recognising instances of scaf-
folding practices in implementing MM tasks in a STEM-
related context. The role that teachers play in such instruc-
tion is then problematised through a data-driven approach,
comparing them according to their professional teaching
experience, i.e. contrasting novice (pre-service) and expert
(in-service) teachers.

2 Theoretical background

2.1 Mathematical modelling in STEM-related
contexts

Mathematical modelling is a sub-field of applied mathemat-
ics (e.g. Blum & Niss, 1991; Niss & Blum, 2020; Pollak,
1979), which has manifold relations to the STEM subjects.
The modelling process is described as a cycle, which starts
in the real-world, moving forward to the mathematical
world, and then coming back to the real-world. We view MM
from a didactical perspective, which seeks to integrate mod-
elling into mathematics education fully in order to enhance
mathematics learning (Kaiser & Sriraman, 2006). This per-
spective is visualised in the modelling cycle, suggested by
Kaiser and Stender (2013) (e.g. Fig. 1).

First, one has to understand the real situation, while mak-
ing assumptions based on the essential conditions of the
problem at hand and distinguishing them from less important
features (understand and simplify). Then, a translation pro-
cess into a mathematical representation of the real problem
can take place—the mathematical model, which can have
different manifestations, such as an equation, a diagram, or a
function (mathematise). These steps lead the modellers from
the real-world realm to the mathematical realm, in which
mathematical results are obtained while using mathematical
procedures and algorithms (mathematical work), then are
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Fig.1 The didactical modelling cycle (Kaiser & Stender, 2013,
p.279)

interpreted back in the real-world context (interpret), and
finally validated against the real-world model and situation
(validate). When applied in STEM contexts, an interdis-
ciplinary approach to modelling is required, which means
that mathematical and extra-mathematical activities must
be fully integrated (Kaiser et al., 2013; Maal et al., 2019).
Through this approach of MM, essential criteria of an inte-
grated STEM formulated by Roehrig et al., (2021, p. 4) are
met, of which five are explicitly and directly addressed by
our approach: focus on real-world problems, centrality of
engineering, context integration, content integration and
STEM-practices. In particular, the requirement to incorpo-
rate real-world problems or real-world contexts in STEM
instruction is very prominent in the literature (e.g. Kelley
& Knowles, 2016; Moore et al., 2020). As these are usually
quite complex, MM is not only an end in itself, but a neces-
sity from a mathematics didactics perspective.

The MM tasks in this study are grounded in authentic
technological applications from the STEM workplace.
Accordingly, the tasks present a scientific problem based
on concepts and terms from the fields of physics, computer
science, etc., where the solution is based on the use of math-
ematics in the middle school level. This demands high-level
extra-mathematical knowledge, particularly when engaging
the first two phases which occur in the reality domain that
represent a STEM-related real-world situation which needs
to be understood and structured in a simplified way (Kohen
& Orenstein, 2021). In order to make the tasks accessible
to students (and their teachers) who are not expected to be
STEM experts, the structure of the tasks in our study is con-
sistent with the four-step solution process as defined in pre-
vious studies as the solution plan (Schukajlow et al., 2015).

In summary, MM-in our understanding-is (inspired by
Kohen & Nitzan, 2022) a guiding link to computer sci-
ence, natural sciences and engineering. It is thus of cen-
tral importance as an interdisciplinary bracket in the STEM
context, and which emphasises the role of the M in this
context both from a mathematical perspective and from a
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modelling-specific perspective-in both senses. This also
underlines the role of mathematics in the STEM disciplines-
in contrast to its representation in the curriculum.

2.2 The solution plan as a strategy for scaffolding
modelling instruction

Scaffolding, according to Stone (1998), describes a frame-
work for learners to overcome difficulties. Numerous frame-
works and interventions have been researched for scaffold-
ing MM learning, such as the foreshadowing and feedback
framework for beginning modellers (Stillman et al., 2015),
the scaffolding and intervention activities investigated
for promoting independent students’ modelling activities
(Stender, 2016), or an adaptive teacher intervention in the
modelling process, classified by trigger, level, and intention
(LeiB, 2007).

The solution plan, developed by Blum and others (Schu-
kajlow et al., 2015) as a scaffolding tool for the DISUM
research project (Blum & Leil3, 2007, 2007), consists of
four steps, understanding task, searching mathematics, using
mathematics, and explaining results, with the aim to support
students within the solution process of MM tasks. The solu-
tion plan was chosen for this study, since this approach coin-
cides with the didactic view of a modelling cycle (Greefrath
& Vorholter, 2016). This process for diagnosing within the
steps of the modelling cycle, provides an explicit relation-
ship between the modelling cycle and a solution plan as
a “strategic aid” (p. 1245). Understanding task is the first
step, in parallel to the first modelling step of understanding,
involving the understanding of a given problem situation;
searching mathematics is the second step, in which the situ-
ation is structured through making assumptions based on
relevant variables and the real-world model is configured
into a mathematical model, thus this step is in line with the
combination of the modelling steps of simplifying/structur-
ing and mathematising; using mathematics is the third step,
involving working mathematically, in parallel to the model-
ling step of working mathematically; and explaining results
is the fourth step, in which the mathematical results are
interpreted and validated in relation to the real-world situa-
tion, and the final solution is presented. Therefore, this step
corresponds to the modelling steps of interpreting, validating
and exposing. Though designed to be applicable to a variety
of content areas, it provides teachers with a clear opera-
tional-strategic structure for scaffolding students, such as
visualising or sketching in order to understand the task. Our
aim in this paper is to use the theoretical lens of the solution
plan as a methodological aid for analysing teachers’ scaffold-
ing practices, rather than implementing it as a resource for
an appropriate intervention for teachers. Thus, our inquiry
adopts the solution plan as an appropriate framework to help

demonstrate the scaffolding practices employed by teachers
when instructing MM tasks in STEM contexts.

Yet, to use such a scaffolding tool for MM tasks under a
STEM focus, it makes sense also to consider general stra-
tegic processing, which can be supplemented with content-
oriented hints depending on the use of the tool (Schukajlow
et al., 2015). Consequently, this study examines the extent
of teacher-provided scaffolding during the resolution of
MM problems in a STEM context as the primary instruc-
tional focus, along with the application of general teaching
practices.

There have been numerous publications, providing lists
of effective teaching practices (e.g. Loewenberg Ball &
Forzani, 2009; National Council of Teachers of Mathemat-
ics, 2014). In this study, we frame effective teaching prac-
tices based on the three dimensions of the quality teaching
framework (Klieme & Rakoczy, 2008), by which effective
instruction is based on effective classroom management,
the facilitation of cognitive activation of learners, and the
provision of student learning support. This framework has
been widely used in various teaching contexts, including
instruction-based modelling (e.g. Baumert & Kunter, 2013)
and mathematics teaching (e.g. Lipowsky et al., 2009), mak-
ing it relevant and applicable to our research.

2.3 Expertise in modelling instruction

Research has highlighted that expertise is characterised by
a deep understanding and extensive knowledge in a specific
domain, which is applicable within specific contexts (Boshu-
izen et al., 2020; Ericsson et al., 2006). Research suggests
that attaining expertise in the field of teaching is strongly
dependent on both teaching experience and teachers’ profes-
sional development (PD) (Caspari-Sadeghi & Konig, 2018;
Sternberg & Horvath, 1995).

In this particular study, experts are defined as individuals
who are likely to possess fundamental mathematical knowl-
edge and contextual knowledge related to MM due to their
general teaching experience.

To date, studies have demonstrated that novice teachers,
i.e. pre-service teachers, exhibit less developed skills in
modelling instruction compared to expert teachers (Didis
et al., 2016). For instance, a recent study by Bastian et al.,
(2023) indicates that experienced teachers outperform
novice teachers in their ability to handle the cognitive
demands associated with teacher noticing and its various
aspects. Another study conducted by Cai et al., (2022)
compared expert and novice teachers in terms of model-
ling competencies as well their ability to recognise and
address written artifacts of student thinking during the
solving process—as we know from Borromeo Ferri and
Blum (2010) both factors play a vital role while teach-
ing MM. Cai et al., (2022) revealed that expert teachers
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were more aware of the characteristics of modelling tasks,
particularly the need to make assumptions while solving
them, and were more adept at responding to students’
responses by asking questions rather than simply pointing
out and correcting mistakes.

The disparities between experts and non-experts primar-
ily stem from the experts' quick access to relevant knowl-
edge (Ericsson, 2018). Actual expertise lies in the ability
to continuously assess a class situation, monitor students’
progress or challenges, and make necessary adjustments and
decisions in real-time (Stigler & Miller, 2018). These skills
become evident when observing teachers’ instructional prac-
tices in real-time. However, there is currently a gap in the
literature regarding the identification of teachers' practices
aimed at scaffolding students during the process of solv-
ing modelling tasks, particularly in STEM-related contexts
that require more intricate contextual knowledge expertise
(Kohen & Orenstein, 2021; Kaiser et al., 2013; Maal et al.,
2019). Therefore, the objective of our study is to compare
experts (in-service) and novice (pre-service) teachers in their
capacity to scaffold students during the instruction of model-
ling tasks in such contexts.

3 Research questions
In light of the above, the research questions are as follows:

1. What scaffolding practices can be recognised in teach-
ers’ MM instruction in a STEM context?

2. What (if any) are the differences in type and quantity of
the recognised scaffolding practices, while comparing
MM task instruction in a STEM context of expert in-
service teachers, and novice pre-service teachers?

4 Methodology

An in-depth study of scaffolding practices implemented dur-
ing MM instruction in ten different lessons was conducted
using a multiple case study design (Yin, 2017). The cases
explored are ten mathematics lessons that were held by
expert and novice teachers in 9th grade classes. The lessons
are based on three MM tasks in a STEM context, four on the
‘Mobileye’ task, three on the ‘Gamma correction’ task, and
three on the ‘GPS’ task, as described below. The instruction
of all tasks was observed in the current study according to
the four-step solution process of the solution plan. Moreover,
teachers’ scaffolding practices were explored as part of a
collaborative effort among all students in class for solving
the MM tasks.

@ Springer

4.1 Participants

A total of six female teachers and two male teachers par-
ticipated in our study, of which three were expert in-service
teachers—Tamar, Abigail, and Noa (pseudo), and five were
novice pre-service teachers—Liz, Eli, David, Maya, and
Emma (pseudo). All expert teachers have similar mathemat-
ics teaching experience (M =38 years, SD=1.5) in the edu-
cation system in Israel, and have participated in a practice-
based PD program designed to train them in the instruction
of MM tasks in a STEM context.

The study was conducted for the novice teachers in the
last year of their professional training as part of their practi-
cum course, therefore, this was their first year of practical
experience in teaching.

Both the PD program and the practicum course were
taught by expert math educators who are also experts in
the field of MM, as they were part of the development
team of the MM tasks used in this study. Participants, both
expert and novice teachers, were exposed to the theoretical
framework of MM as part of the PD program and practi-
cum course, respectively. Further, they were experiencing
the solution process of a variety of MM tasks in a STEM
context, from which they had to select at least two to imple-
ment in class within a frame of a 50 min lesson. Both groups
were not explicitly guided regarding effective instructional
practices for MM instruction; rather, they were expected to
implement the MM task in class according to their experi-
ence, either as expert teachers, or as novice teachers experi-
encing first-time teaching as part of their practicum year at
school. However, as part of the support provided to teach-
ers on the various platforms, they could consult with the
PD program facilitators and the course lecturer regarding
the construction of the lesson plan. The study follows three
different MM tasks taught by the two groups of teachers.
Table 1 presents a summary of the tasks that were imple-
mented by the participants in this study.

4.2 The MM tasks in a STEM context

The MM tasks in a STEM context are based on real-world
STEM applications, through which students are exposed
to the practical application of mathematics in their daily
lives. The tasks are designed by mathematical researchers

Table 1 Summary of MM tasks employed by the study participants

Mobileye Gama GPS
Expert teachers Tamar Tamar Tamar
Abigail Noa
Novice teachers Maya Eli David
Emma Liz
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and educators, and are verified for authenticity with high-
tech engineers and scientists in the STEM domains. This
study focuses on three MM tasks in a STEM context, which
facilitated our inquiry in this paper for scaffolding practices
based on the solution plan scaffolding tool: the “Mobileye”
task which presents an innovative technology for collision
prevention (Dagan et al., 2004), the “Gamma correction”
task which presents a technological challenge of correct-
ing the brightness of a digital image based on Gamma cor-
rection (Amiri & Hassanpour, 2012), and the “GPS” task
which presents the global positioning system for tracking the
location of a person anywhere on earth (Bajaj et al., 2002).
Here, we describe in detail the ‘Mobileye’ MM task that
served as the basis of the scaffolding practices presented in
the results. Elaboration on the other two MM tasks, namely
the “Gamma correction” and “GPS” MM tasks appear in
the supplementary materials. The full tasks can be retrieved
from the last author’s website at https://mted.technion.ac.il/
en/ (see the i-MAT program).

4.2.1 The'Mobileye’ MM task

An opening question serves as a trigger for the task: How
can you maintain a safe distance between vehicles? In
accordance with the first step, understanding task, an intro-
duction to the Mobileye system is then presented with the
aim of simplifying the main scientific and technology terms
related to this system. In essence, the Mobileye system
uses one camera to measure the distance between the car
on which the camera is installed and the vehicle driving in
front of it. At any given moment, it displays the time until
a possible collision with the vehicle in front, and issues a
warning when the time to collide is less than 0.9 s. In this
step, assumptions are also made to simplify the real-world
model, as a means of ensuring that the student is able to
comprehend the real-world model in the STEM context, such
as disregarding cases in which the vehicle is travelling along
a winding road (Fig. 2).

Mobileye uses one camera to measure the
distance between vehicles in the same lane.

7 Camera
' Display iens
i The image received from the
é > 3 camera lens is captured on the ‘—
r image plane. ‘
4 —

Focal length is the distance
between the lens and the
image plane.

Camera

Fig.2 The Mobileye system: simplification of main technology con-
cepts

The second step, searching mathematics, ensures that
the students have the necessary mathematical knowledge
required to accomplish the mathematisation step. The stu-
dents are asked to inquire mathematically how the distance
between cars can be measured using a single camera. To be
able to build the real-world model, they must understand
the manufacturer's data that are as used in the diagram; for
example, the height at which the camera is installed in rela-
tion to the road. Identifying variables in the diagram is also
necessary; for example, the image plane which depends on
the distance between the cars. Afterwards, the real-world
model is transformed into a mathematical model that is
based on the calculation of the similarity of triangles. Fig-
ure 3 presents a summary for the mathematical model that is
in line with the Mobileye technological challenge.

In the third step, using mathematics, students are asked
to solve questions using mathematical procedures while
referring to assumptions according to the real-world model
(for example, the similarity ratio) that yield mathematical
results, such as the distance between cars. The mathematical
procedures required in the MM tasks in this study are fully
incorporated into the curriculum and can be implemented
in formal school lessons in a whole-class format (Kohen &
Orenstein, 2021; Kohen & Nitzan, 2022). As a final step,
explaining results, the results are interpreted according to the
real-world context, e.g. the Mobileye's technological model,
and the solution is validated according to the assumptions
made. For example, does the calculated distance represent a
safe distance or should the system sound an alarm?

4.3 Data sources and analyses

Observations of the ten case study lessons were the primary
data source for this study. The observations covered an entire
lesson lasting approximately 50 min and were recorded and
transcribed verbatim. Aiming to recognise the teachers’ scaf-
folding practices, the observations were divided into units of
analysis, each of which indicated a teachers’ statement (or a

Mobileye system

Measures distance How caii the distance

Presents time between cars be measured

using a single camera?

| The distance measurement, BD, is
pie based on the equality of the ratios

between corresponding sides of
similar triangles

: BD -CA

1 s — = =

1 CA ™ EC BD EC
S

Issues a warning

Fig. 3 The mathematical model for solving the authentic technologi-
cal challenge of Mobileye
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group of statements), i.e. students’ statements were not con-
sidered for analysis. In addition, teachers’ statements that were
not related to modelling instruction that followed the solution
plan steps, were coded as general practices (Praetorius et al.,
2018): a) classroom management instances, such as “quiet
now”’; b) student support, such as teachers giving students
enough time to think about a solution to a question, e.g. "I see
there are already some students who have finished, that's great.
Take a few more minutes to think about the solution and we
will continue"; and c¢) cognitive activation, such as teachers’
rehearsal of well-known mathematical concepts, e.g. "what
angles are these? What are they called? [...] right. Vertically
opposite angles”.

To address RQ1, we coded and analyzed MM scaffold-
ing practices, which were revealed from the data based on
content analysis (Shkedi, 2005). A detailed description of the
practices appears in the results section. Inter-coder agreement
for reliability purposes was established by two of the authors
of this paper. We coded one observation of a teacher who
did not participate in this study, but was also a participant
of the designated PD program for MM instruction. Initially,
we divided the observation into units of analysis, and reached
a 96% agreement regarding the units’ distribution. Next, we
independently coded the first quarter of these analysis units,
then came together to create consensus coding. Three more
rounds of coding were conducted for the remaining units of
analysis in order to clarify code descriptions and add relevant
examples. Inter-rater agreement was 90% at the end of this
process. Following that, as an overall calculation of the four
observations, we calculated the frequency for each scaffold-
ing practice.

To address RQ2, we first calculated the frequencies of the
combination between the type of scaffolding practices and type
of task, i.e. ‘Mobileye’, ‘Gamma correction’, and ‘GPS’ tasks,
using chi-squared analysis. In order to determine whether
MM scaffolding practices vary by task type, this analysis was
conducted independently of the two groups of participants.
We then performed chi-squared analysis for calculating the
frequencies of the combination between the type of scaffold-
ing practices and teachers’ teaching experience, i.e. expert, vs
novice teachers. We further calculated chi-squared adjudged
residuals (AdjRes) for cells in the contingency frequency
tables, for revealing which cell significantly contributes to the
rejection of the omnibus chi-squared statistics (MacDonald
& Gardner, 2000). AdjRes values higher than 1.96 or lower
than — 1.96 indicated overrepresentation or underrepresenta-
tion (respectively) of specific scaffolding practices.
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5 Results

This study identified three key themes of MM scaffolding
practices. While the solution plan framework suggests a
process for diagnosis within each of the steps, in accord-
ance with the modelling cycle phases (Schukajlow et al.,
2015), we revealed instances of scaffolding processes
employed by the teachers not just within the solution plan
steps, but also the practices used to bridge between the
solution plan steps. A third theme that was revealed relates
to scaffolding practices aimed to motivate students’ MM
learning.

As a first step, we conducted a chi-squared test for
Independence to determine whether the MM scaffolding
practices differed by task, i.e. ‘Mobileye,” vs ‘Gamma cor-
rection’, vs ‘GPS’ MM tasks. The analysis revealed a simi-
lar distribution of the MM scaffolding practices among
the different tasks independently of the different groups,
72(4) =6.09,p > .05. Also, examination of the distri-
bution in the use of MM scaffolding practices between
the various tasks for each group separately revealed that
there were no significant differences among the expert
teachers, y%(4) = 5.84,p > .05, and the novice teachers,
12(4) =2.64,p > .05. Therefore, the results presented
below combine the three tasks together.

Results indicated that both groups demonstrated an
average of about 47% MM scaffolding practices out of
the total number of teaching practices that were observed
in class. The most common MM scaffolding practice was
found to be the within scaffolding practice. It was used 2.5
times more compared to the between scaffolding practices,
and 6 times more compared to the motivational scaffolding
practices (Fig. 4).

Below we present each of the MM scaffolding practices.

B Within
(N=240)

m Between
(N=102)

m Motivation
(N=37)

General
(N=431)

53.2%

Fig.4 Distribution of MM and general scaffolding practices in les-
sons around MM tasks in a STEM context
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5.1 MM practices within the solution plan steps

As we investigated the within MM scaffolding practices, we
revealed three main practices: ‘basing mathematics’, ‘basing
real-world’, and ‘extracting information’. Findings indicate
that ‘basing real-world’ was the most dominant practice,
about 1.4 times more than ‘basing mathematics’ practice,
and almost 2.7 times more than ‘extracting information’
practice (Fig. 5).

5.1.1 Basing real-world

This theme refers to teachers’ MM practices that involve
establishing the scientific terms that are at the heart of the
real-world model and basing students’ understanding of the
real-world model. Having a clear understanding of these
real-world terms is a necessary step for progressing in the
modelling cycle, such as building or recognising the appro-
priate mathematical model and extracting relevant informa-
tion for it. This practice was observed in all the solution
plan steps, but mainly while supporting students during
the understanding task step, since this step is critical for

M Basing mathematics
(N=83)

M Basing real-world
(N=114)

Extracting information
(N=43)

Fig.5 Distribution of the major themes of the within MM scaffolding
practices in lessons around MM tasks in a STEM context

Fig.6 An illustration of the
real-world model as a trigger for
the Mobileye task

understanding the real-world model, and proceed to the next
step of configuring the mathematical model. For example,
during the understanding task step, Emma scaffolded the
students’ understanding of the scientific term of “camera
lens”, which is important, since without fully grasping that
concept, students would not be able to figure out what infor-
mation can be retrieved from the camera in order to under-
stand the real-world model and make a sketch accordingly
that would lead to the appropriate mathematical model. As
such (referring to Fig. 2, above), she was saying: What do we
have inside the camera? [...] We have got the lens, Okay?
The camera lens. And we have here the image that is cap-
tured by the lens and is formed on the image plane, and we
have the focal length, this is the distance between the lens
and the image plane. Additionally, Tamar aimed at basing
the real-world model in the Mobileye task, which involved
understanding the operating principle of the Mobileye sys-
tem, based on the distance proportion between at least two
objects. Thus, in order to illustrate the real-world model,
Tamar showed the students photos that made use of the rela-
tionship between size and distances from the camera lens,
so that small objects appeared disproportionately large com-
pared to large objects (Fig. 6). For example, showing them
a picture of the Eiffel Tower held between human fingers,
Tamar explicitly mentioned that: When we photograph an
object, an object that is far from us will appear small, and
when we bring something close to the camera, the closer
we get to the camera or to our eye, the larger it will appear.

5.1.2 Basing mathematics

This theme refers to teachers’ MM practices that involved
establishing the mathematical terms that are at the heart of
the mathematical model, as well as basing students’ under-
standing of the mathematical model. In order to ensure stu-
dent understanding of the mathematical model and further
the ability to solve the mathematical problem, the relevant
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terms, such as proportion, corresponding angles, and ratio
of similarity, must be well-established. This practice was
observed while supporting students during the 'searching
mathematics' and 'using mathematics' steps of the solution
plan. For example, in the searching mathematics step, Abi-
gail's scaffolding was applied to make sure that the students
were familiar with how to prove triangle similarity, which is
further used to inquire the distance between the two vehicles.
Showing them Fig. 7, she was saying: Those two angles in
grey represent equal corresponding angles between parallel
lines, and in order to say that two triangles are similar we
need two angles. Okay? And this is the proof that the two
triangles obtained here are similar triangles.

Another example relating to the using mathematics step,
included Tamar's scaffolding which focused on understand-
ing the geometric theorem of alternating angles between
parallel lines, which is necessary for proving similarity of
triangles. Accordingly, Tamar confirmed that the students
were familiar with this geometric concept and under what
conditions the alternating angles are equal:

Tamar: We need two pairs of corresponding equal
angles to prove that these two triangles are similar.
What pairs of equal angles do we have here?

A: We have corresponding angles

Tamar: You said corresponding angles, why? After all,
corresponding angles don't have to be equal, right?
A: Right, I suppose so.

Tamar: What equal corresponding angles do we have?
D: Between the parallel lines.

Tamar: Right! So if the lines are not parallel the cor-
responding angles will not be equal.

Fig.7 The process of prov-
ing triangles similarity in the
Mobileye task

<ABD = 90°
AECA = 90°

E

C

Y
r-VIH.'\I): <ACEA

ZABD = <ECA F> similarity theorem, BD

5.1.3 Extracting information

This theme refers to teachers’ MM scaffolding practices
in identifying and extracting information from a variety of
sources and representations. This practice scaffolds in the
understanding of the meaning of the data used in the MM
task, which cannot be viewed as separate from the STEM
context. This practice is particularly important in the aspect
of searching mathematics and using mathematics steps,
which involve the adaptation of the mathematical model
according to the real-world model and the application of
the mathematical model in order to achieve mathematical
results, respectively. For example, extracting information
during the searching mathematics step involves structuring
the appropriate mathematical model by extracting certain
data, e.g. equality of angles and parallel lines to prove trian-
gle similarity, and making assumptions based on extracted
data, such that the vehicle is driving on a straight road only
and the back of the camera is perpendicular to the road.
When Maya directed the students to prove the similarity
between the triangles, she helped them extract information
from the drawing (e.g. Fig. 7) according to the terms from
the real-world, and for this purpose, she also made assump-
tions that assisted in the construction of the appropriate
mathematical model, by saying: First of all let's assume that
the car is driving on a straight road, without bends, ups or
downs. What does it give us? [...] Nice, so AB is perpendicu-
lar to the road, okay? That is, there is a right angle between
the road and AB. Is there another right angle in the draw-
ing? [...]. EC is also perpendicular to CA. Great, what does
that give us? [...] Excellent, equality of angles. This brings
us closer to the proof of similarity.

Extracting information during the using mathematics
step involves extracting the relevant data and fitting it to the
given mathematical model, such as applying the equation of
similarity while solving a question based on Mobileye task.

In similar triangles the ratio
between the corresponding
_~ sides is preserved

AABD~AECA
According to the

“angle, angle’ CA _ EC

e
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Authentic data regarding the Mobileye camera was provided
to students so they could inquire the model using mathemati-
cal tools (Fig. 8). Accordingly, Abigail said: Well then let's
see what we have here. According to the manufacturer's
data, the camera in the private car is located at a height of
120 cm in relation to the road, i.e. AB is 120 cm. As for the
focal length of the camera, CA, we're told that it’s 0.4 cm,
and it’s constant, correct?

5.2 MM practices between the solution plan steps

Looking into the between MM scaffolding practices, we
revealed two instances of practices: 'building up' (40% of
total between practices) and 'connecting context and math'
(60% of total between practices).

5.2.1 Building-up

This theme scaffolds students in building up attention toward
a certain step in the solution plan. Using real-world terms
with an allusion to mathematics, the following example
taken from Tamar’s instruction directs the students to use
the mathematical concepts (such as ratio) to structure the
mathematical model based on the real-world model. Hence,
her scaffolding illustrates the building up from the under-
standing task step to the subsequent searching mathematics
step. Tamar illustrates the real-world model using photos
of optical illusions based on the distances of the objects
in the pictures from the camera lens, so that small objects
appear disproportionately large compared to large objects
(see Fig. 6 above). This illustration leads the students to use
mathematical terms found in the basis of the appropriate
mathematical model, as she was saying: What do we see
in the pictures? How does that happen? How can you pho-
tograph people standing on the palm of a person’s hand?
[...] Right, so there is a matter of size. What else? [...] You
say distance from the camera, can you measure the distance
of the objects in the picture from the camera? [...] Does
anyone have an idea how can we measure distance using a

Fig.8 An example of authentic
data of the Mobileye camera
that allows investigation of the
model using mathematical tools

single camera? [...] Excellent! We can base on ratio here,
you are really aiming at the right place. Let's dive into the
task and see how it all comes together.

5.2.2 Connecting context and math

This theme is more holistic, in which the teacher scaffolds
students’ understanding through connecting between the
real-world model and the mathematical model and vice
versa. In addition, this theme includes moving back and
forth to a certain step in the solution plan to emphasise or
summarise terms and assumptions or to provide reasoning
for previous actions. This practice can be observed in the
transition between the different steps of the solution step.
As an example for moving from the mathematical model to
the real-world model is the following scaffolding question
of Tamar, who pushed the students to find the connection
between the use of the mathematical model of similarity of
triangles to measuring the distance between two vehicles
that relate to the real-world model: ...the angle-angle simi-
larity theorem tells us that these triangles are similar [...]
Okay, so the triangles are similar, but we want to meas-
ure the distance between the two vehicles. How are the two
related?

An additional example for the teacher’s scaffolding
through connecting can be found when Maya provides
reasoning for interpreting a mathematical result during
the explaining results step, which was based on an indica-
tion she made at the beginning of the lesson, following
the understanding task step. She stated then that changing
the vehicle's parameters can lead to incorrect measure-
ments of distance between vehicles if the changes affect
the parameters measured by the camera, for example rais-
ing the vehicle influences the height of the camera in rela-
tion to the road. Thus, while interpreting a mathematical
result that dealt with changes in the camera's data in rela-
tion to the road, she was saying: Do you remember earlier
that I mentioned how crucial it is to calibrate the camera
and its device? Meaning that if we change something in

The Mobileye camera in the car, with a focal length of 0.4 cm, is
located at a height of 120 cm in relation to the road.

The road’s height in the picture, on the image plane of the Mobileye camera, is 0.06 cm.
Calculate the distance, in cm, between the private car and the jeep travelling in front of it.
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the camera without making suitable adjustments, we will
probably get an incorrect distance. Why does it matter?
[...] Right. The system will not alert you in time.

5.3 MM practices that motivate students’ MM
learning

Looking at the motivational MM scaffolding practices, we
revealed two practices: 'real-world motivation' (about 60%
of total motivational practices) and 'mathematics motiva-
tion' (about 40% of total motivational practices).

5.3.1 Real-world motivation

This theme refers to attracting students to engage in the
MM task through relevance of the real-world context to
their lives. The following dialogue illustrates the way
Abigail scaffolded her students’ motivation toward engag-
ing in the MM task, from the very beginning of the les-
son, attracting them to the subject through their personal
connection to the 'Mobileye' technology and where they
encounter it in their daily lives:

Abigail: It's about Mobileye's technology. Have you
heard about it?

Y: Yes, it's the one in the cars.

Abigail: Right, what is it? What is "the one in cars"?
What is that?

D: ... that detects potential accidents.

Abigail: Right. What else do you know about it?
A: It makes sounds if it detects danger coming...
when you approach another vehicle too closely.
Abigail: Right!

5.3.2 Mathematics motivation

This theme refers to attracting students to engage in the MM
task through relevance of the mathematics explored to their
lives. For example, after establishing the main concepts
involved with the invention of Mobileye system, Tamar was
aiming to scaffold her students with the ultimate question of
“why do we study mathematics?”, saying: Professor Amnon
Shashua made billions out of it, he is actually the inventor of
the Mobileye [...] And it is based on a mathematical princi-
ple that you all know.

5.4 Comparison between expert and novice
teachers

Moving forward to the comparison between the two groups
examined in this study, namely expert in-service teachers
and novice pre-service teachers, results based on a chi-
squared test for independence indicated that the distribution
of the use of MM scaffolding practices and general teach-
ing practices for each group did not achieve significance
;(2(3) = 0.36,p > .05. According to these findings, the MM
scaffolding practices were distributed similarly between the
two groups, as was their overall frequency compared to the
general teaching practices (see Table 2).

Examining the distribution of the use of different MM
scaffolding practices, the same trend of practices distribu-
tion that was generally revealed (Fig. 4 above) was evident
among the two groups. A closer look at the major themes
within each of the MM scaffolding practices, further
revealed a similar trend in the frequency of scaffolding prac-
tices between the groups for each of the themes separately,
as the chi-squared test for Independence did not achieve
significance for the within practices )(2(2) =1.74,p > .05,
for the between practices )(2(1) = 0.09,p > .05, and for the
motivational practices y*(1) = 0.39,p > .05.

Table 2 Distribution of the
MM scaffolding and general
practices by the two groups

MM scaffolding practices General
Within Between Motivation teach? ne
practices
Group Expert teachers ocC 140 63 22 257
EC 142.8 60.7 22.0 256.5
% 29.0% 13.1% 4.6% 53.3%
AdjRes -04 0.5 0.0 0.1
Novice teachers oC 100 39 15 174
EC 97.2 41.3 15.0 174.5
% 30.5% 11.9% 4.6% 53.0%
AdjRes 0.4 -0.5 0.0 -0.1

For a p-value of 0.05, the adjusted regression coefficient calculated by SPSS is compared to a value of

+/—1.96 based on a z-score.

OC represents the observed count, and EC the expected count of analysis units coded for the three tasks
performed by each group. Adj Res are calculated for each cell of the contingency table
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6 Discussion

This study presents MM scaffolding practices for model-
ling instruction in a STEM context, which illustrate how
teachers scaffold students within each of the solution plan
steps, in the transition between them, and in motivating
students for MM learning. Figure 9 presents visually the
relation we found between the scaffolding practices for
MM in a STEM context, and the solution plan steps.
From a borrowed perspective on modelling competen-
cies, Fig. 9 which illustrates teachers' scaffolding prac-
tices may be seen from a holistic or atomistic approach.
On the one hand, the scaffolding practices revealed that
the between solution plan steps fit in with a more holistic
view of the modelling cycle, which requires the teacher to
have an insight of the full-scale process of modelling and
connect between the two entities of reality and mathemat-
ics. On the other hand, the scaffolding practices revealed
for the within solution plan steps are in line with a more
atomistic perspective, by which the teacher should scaf-
fold each of the individual steps of the modelling cycle.
Last, the motivational scaffolding practices may be seen
from a social perspective as part of the global view of the
modelling cycle (Barbosa, 2006; Cevikbas et al., 2021).
As the within scaffolding practices were found to be the
most dominant in all observed lessons, it seems that the
teachers found it important to scaffold students within each
of the solution plan steps. This finding accords with previ-
ous studies, by which the solution process of a modelling
problem requires completing each step of the modelling
cycle correctly and in a purposeful manner. Nevertheless,
these studies indicate difficulties completing each phase
(Kaiser, 2007). Little research has indicated that such diffi-
culties are found to be prominent in MM instruction which

Fig.9 The scaffolding practices
for modelling in a STEM

context, and their relation to the
solution plan steps Real-world

motivation

involves a STEM context (Just & Siller, 2022), thus further
studies are required in this area. This study provides an ini-
tial view of the practices involved in instructing such MM
tasks, and besides that—it presents the sub-practices that
comprise them. In particular, the practice of basing real-
world was found to be the most frequent, indicating that
great emphasis is required to support students’ understand-
ing of the main scientific terms of the real-world model.
This is clearly a significant finding, as this understanding
is mainly reflected in the first step of the solution plan
steps, namely understanding task, which forms the basis
on which the entire solution process of the modelling task
is built.

Further, although less indicated, the scaffolding prac-
tices of basing students’ understanding of the mathematical
model and extracting information also appeared intensively
in teachers’ observations. These two practices must be per-
formed while still being connected to the STEM context,
yet they are more characterised as practices that teachers
are used to in standard math lessons (Niss & Blum, 2020).
Accordingly, in relation to the solution plan steps, these
practices were more characterised with the searching and
using mathematics steps. As complementary to the teachers’
massive use of the ‘basing real-world’ scaffolding practice,
these findings point to their profound understanding of the
modelling process, which was demonstrated in their attempt
to support students in the understanding of both models and
the relation between them, which is an indispensable step
toward completing the full modelling cycle (Blomhgj &
Hgjgaard Jensen, 2007).

We further discovered that the practices that scaffold stu-
dents’ progress in the solution plan steps, through the transi-
tion between the different steps, were also an important fac-
tor in successfully completing each of the MM tasks. These
include iterative repetition of steps, which is necessary for

Understanding

> | \
c / b - c Practices within the solution plan steps
| Basing Mathematics
MM in a JERN Basing Real-world
Explaining STEM Searching Bl Bl Extracting Information
results mathematics  [JBRY
context ; Practices between the solution plan steps
) / @ Building-up
- c \ | 4 - & ©» Connecting
Using
mathematics Mathematics
motivation

E-1

@ Springer



1362

H.-S. Siller et al.

completing a follow-up solution plan step. In particular, it
was found that the practice of connecting context and math
was significantly manifested in teachers’ observed lessons.
We particularly find this practice to be a complex one, as
it demands a holistic view of the real-world model and the
mathematical model, and emphasises the balance that needs
to be made between the two, as well as the ability to express
it to students to facilitate their overall understanding as well
(Borromeo Ferri, 2018). This finding is in line with previ-
ous studies which establish the expertise of the teachers as a
first necessary step toward qualifying their students (Geiger,
2011; Schukajlow et al., 2018).

Our aim in this study was on revealing didactical MM
practices that scaffold students’ engagement with MM
tasks in STEM context, yet we clearly discovered practices
that motivate students to engage in MM tasks through both
demonstrating the relevance of the real-world context and
mathematics to their lives. These are two complementary
perspectives that together fulfill the basic two realms that
comprise the modelling cycle, i.e. the real-world realm, and
the mathematical realm (Blum & Leil3, 2007, 2007). Gener-
ally it can be said that these two types of motivating prac-
tices are not documented in the maths education literature
as frequent in math lessons, which may possibly explain the
students’ ultimate question of “why do we study mathemat-
ics?” (Siller et al., in press; Kohen & Nitzan, 2022). This
finding is of much significance, since students’ motivation
to study mathematics is a crucial factor in their future choice
in STEM fields for study and their careers (Siller et al., in
press; Just & Siller 2022). The unique authentic context of
the MM tasks that further exemplified the applicability of
mathematics studies in STEM fields to the students, may
further attract students to these fields (Geiger, 2011; Siller
et al., in press).

Identifying practices for modelling instruction is not a
straightforward matter, yet we managed to discover these
practices among both experts and novice teachers. Intrigu-
ingly, both groups demonstrated similar scaffolding prac-
tices, as opposed to previous studies which found a benefit
for expert teachers in relation to modelling instruction (Bas-
tian et al., 2023; Cai et al., 2022; Didis et al., 2016). Nev-
ertheless, we can affirm that the STEM context of the MM
task demands expertise which is not just related to teaching
experience, but also contextual knowledge expertise to han-
dle the extra-mathematical aspect of teaching those tasks
fully, as well as its integration with the mathematical aspect
(Kohen & Orenstein, 2021; Kaiser et al., 2013; Maal et al.,
2019). Previous studies which establish the expertise of the
teachers as a first necessary step toward qualifying their
students (Geiger, 2011; Schukajlow et al., 2018), have also
mentioned the importance of teachers’ professional training
(e.g. Caspari-Sadeghi & Konig, 2018). The support given
to both expert teachers through a designated PD program
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for MM instruction, and the novice teachers through their
professional teacher training, may have prepared them well
for scaffolding their students during MM instruction. This
points to the need to support teachers in being professionals
in modelling—both as modellers themselves, and as teachers
who need to support their students in coping with MM tasks
(Geiger, 2011; Schukajlow et al., 2018; Siller et al., in press;
Kohen & Nitzan, 2022).

7 Study limitations

The general instructional practices were coded in this study
only in cases in which no scaffolding practices for MM were
revealed, however there may be double coding for teach-
ers’ statements regarding both general and MM-specific
practices. This can be a subject for future study, which may
explore how MM instruction and effective math instruction
may be intertwined, not just as complementary aspects, but
as a single integrated one.

Another limitation of this study is the focus merely on
observations. It may be possible that a triangulation of data
with other sources of information, such as teachers’ self-
reports, would provide a more sensitive view of the differ-
ences between these two groups.

Moreover, there is a limitation pertaining to the challenge
posed by the tasks and their respective contexts. Specifi-
cally, it is possible that the complexity of the context may
have added an additional burden for students, and thus an
increased reliance on mathematical modelling practices,
compared to the general ones. However, we maintain the
assumption that this matter does not impact our findings, as
we detected no discernible differences in the instructional
scaffolding approaches employed for each task. Rather, we
assert that the instruction of MM tasks that involve an inter-
disciplinary connection to STEM fields requires substantial
scaffolding. This was realised, in particular, in the emphasis
on the basing real-world scaffolding practice in each of the
solution plan steps, as well as the emphasis placed on the
‘between solution plan steps’ practice of connecting context
and math, which indicates the teachers’ effort in focusing on
the practices that are more directed to supporting students
with the unique context of the tasks.

8 Conclusion and study contribution

In summary, our study indicates that MM plays a central
role in STEM, emphasising its mathematical essence (Siller
et al., in press). Our study provides an important theoreti-
cal contribution to defining specific scaffolding practices
for MM instruction in a STEM context. It reveals how a
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constitutive link between mathematics and industrial work-
place applications is implemented in the classroom through
MM.

In addition, the practices which were exemplified in for-
mal lessons, held as plenary sessions, point to both theoreti-
cal and practical contributions of the study, indicating that
effective modelling instruction can take place in a variety
of learning contexts, with the appropriate scaffolding (Pun-
tambekar & Hiibscher, 2005; Smit et al., 2013). Supporting
modelling activities with the help of the scaffolding concept
has great potential. Ideally, these activities help to acquire
heuristics which can be applied in further contexts, enabling
the modelling process to be performed independently in the
future.

From a practical viewpoint, this study provides a valuable
insight into MM scaffolding practices that may be used in
training pre- and in-service teachers for MM instruction in a
STEM context. Viewing the findings from the perspective of
this unique context of the tasks, it is evident that, in addition
to appropriate teacher training for MM instruction, the use
of modelling tasks that are consistent with the solution plan
encourages the use of MM scaffolding practices that improve
the adaptive support provided by teachers, regardless of their
prior teaching experience. Thus, a thorough understanding
of the modelling process is essential to teach those tasks
effectively, which requires an interdisciplinary knowledge
regarding both mathematics and STEM contexts.
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