Chapter 39
Scaffolding Complex Modelling Processes:
An In-Depth Study

Peter Stender, Nadine Krosanke, and Gabriele Kaiser

Abstract The support of students during their work on complex modelling prob-
lems is an ambitious process, especially if the students work as autonomously as
possible. Scaffolding as a theoretical construct to describe how teachers should act
in these situations, so that students can solve the problem as independently as pos-
sible, has proven to be adequate for empirical studies. In the research project pre-
sented, the activities analysed were those of future teachers working as tutors
supporting students working on complex problems over 3 days. The tutors were
educated beforehand in pre-service teacher seminars and had learned special scaf-
folding measure activities for this small group work. Based on an analysis of video-
taped modelling processes, examples of successful and unsuccessful teacher
activities are analysed. Finally, examples of appropriate strategic scaffolding mea-
sures are presented.

Keywords Complex modelling problems ° Modelling days e Scaffolding e
Scaffolding measure  Teacher intervention ® Minimal support ¢ Adaptivity

39.1 Introduction

Already for decades, the competency to solve real-world problems with mathemat-
ics is emphasised as one of the core competencies in mathematics education in
many curricula around the world, and various approaches for the implementation of
mathematical modelling in schools are proposed. Although there exists consensus
on the relevance of mathematical modelling in schools, modelling examples still do
not play a high role in everyday teaching in many parts of the world, amongst other
reasons, due to the fact that teaching and learning processes become more difficult
and less predictable and the design of the learning environment is more ambitious
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(for an overview, see Kaiser 2016). Especially, when complex, authentic modelling
problems are treated, the role of the teacher becomes highly demanding. It is still an
open question, how the teacher can, and will, support students within their model-
ling processes, especially when independent working of the students is to be fos-
tered as called for in many curricula. As previous studies have shown, adaptive
support by teachers guiding the students on their own way can seldom be identified
in classrooms (Leiss 2007).

In the following, we will describe a study, in which students solved complex
modelling problems within a learning environment fostering their independency.
The students tackled the problem together with other students working in small
groups, only tutored by (future) teachers, educated for adaptive support. As the the-
oretical framework for the present study, the scaffolding approach has been chosen,
which seems to be especially appropriate for the kind of adaptive teacher activities
necessary for independent modelling activities.

39.2 Theoretical Background of the Study

39.2.1 Scaffolding as Theoretical Basis of the Study

The concept of scaffolding was originally introduced by Wood et al. (1976), who
described it as a form of fostering a problem-solving process of a single child by a
single tutor. As the aim of this scaffolding process, they described that the child
solved a problem as independently as possible and received support from an expe-
rienced person only in situations where independent work due to non-existing
knowledge or skills of the child was not possible. Within a problem-solving phase,
the tutor intensified or reduced her interventions, depending on the child’s ability to
work further on independently or not (Wood et al. 1976, p. 92).

The term scaffolding has been extended and adapted over time in a variety of
ways, which is described in the extensive survey paper by Van de Pol et al. (2010)
with an overview on the current discussion on scaffolding. Their model relies on
three important aspects of scaffolding, namely, contingency (responsiveness, tai-
lored, adjusted, differentiated or calibrated support), fading (gradual withdrawal of
the scaffolding) and transfer of responsibility to the learner, while diagnostic strate-
gies play an important role in the whole process. The development of the ability to
take over responsibility only develops over a longer period of time, and according
to this, fading should be seen as a long-term process.
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39.2.2 Teacher Activities to Promote Independent Student
Activities

An approach developed by Zech (1996) within the problem-solving discussion pro-
posed a step-by-step approach to support students with minimal help at five differ-
ent levels:

1. Students are motivated only in a general way.

2. Positive feedback is given based on successful intermediate results.

3. Strategic support is given which takes the form of hints that refer on how to pro-
ceed without addressing content-related issues.

4. Content-related strategic support is offered; these are interventions, which also
relate to the procedure, but content-related issues are involved.

5. A content-related intervention is completely related to the content of the task and
contains the core of the solution.

In this differentiation, the first two supportive measures mainly encourage the
students, while the last three interventions give support related to solution methods
or the content of the task. Of these three interventions, the strategic support plays a
prominent role as the students are only supported to find a way to go on, but the
solution itself must still be developed by the students themselves. The use of strate-
gic support is for the intention of partly independent work by the students and is one
possible approach to realise the aspects of scaffolding (fading and transfer of
responsibility) and even contingency if the strategic supports rely on subtle
diagnosis.

39.2.3 Mathematical Modelling in School

As already mentioned, mathematical modelling plays an important role in mathe-
matics education all over the world. There exist various conceptions of mathemati-
cal modelling; in this study, we understand mathematical modelling as comprising
the following important steps from the real-world situation into the mathematics: a
real-world problem is coming up, which has to be understood and simplified. This
leads to a real-world problem, which is then translated into a mathematical model.
Mathematical work within the mathematical model leads to mathematical results,
which are translated back into the real world. The real-world result is validated,
whether the result answers the original problem adequately or not. If this is not the
case, the modelling cycle has to be carried out again until a satisfactory solution is
produced. This approach can be visualised with a modelling cycle (Fig. 39.1), which
can serve a metacognitive means for classroom activities.

While working through the modelling cycle different sub-competencies are
needed (for a detailed description, see Kaiser and Brand 2015), amongst others:
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Fig. 39.1 Modelling cycle (Kaiser and Stender 2013, p. 227)

e Competence to understand a real-world situation,

* Competence to develop a real-world model,

* Competence for establishing a mathematical model out of a real model,

* Competence to solve mathematical problems within a mathematical model,

* Competence to interpret mathematical results in a real-world model or a real-
world situation,

* Competence to validate the solution in the real-world model or the real situation
and, if necessary, do another loop in the modelling process.

In addition, the metacognitive competence to understand your own work and to
control your own work is central. For acquiring these competences, it is essential
that students work independently on their own. However, when students begin mod-
elling independently, the task to do everything on their own is too complex, so
monitoring by a teacher is indispensable. The previously described approaches to
scaffolding are an important concept for the implementation of this kind of
support.

39.3 Research Aim, Design of the Study and Modelling
Problem Used

The aim of this study is to identify empirically appropriate teacher interventions for
scaffolding in situations where teachers are tutoring students who are solving com-
plex, realistic modelling problems. As the research environment, the so-called
‘modelling’ days were established, in which the students work independently sup-
ported by tutors. The ‘modelling days’ are a learning environment where students
(15 years old) work for 3 days on one single modelling problem chosen by them-
selves, and the work takes place in small groups of students. Two future teachers
having been educated in special master seminars acted as tutors for two groups.
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In the in-depth study presented here, students and teachers worked on the follow-
ing problem: Roundabout Versus Traffic Light. At what kind of an intersection can
more cars pass a crossing? This problem allows different approaches. If there are
any intersections nearby the school, traffic counts at these crossings could be done,
but analytical considerations can also be carried out, which was suggested in the
observed learning groups. Two fundamentally different assumptions for the work on
the problem can be made:

e The maximum number of cars passing the intersection or roundabout depends on
how fast the vehicles drive through the intersection area.

e The maximum number of cars passing the intersection or roundabout depends on
how fast the vehicles drive info the intersection area.

In a first approach, it makes sense to assume the maximal possible symmetry in
the situation, that is, from all directions come the same number of cars and the driv-
ers want to go in all directions with equal probability, with velocities and accelera-
tions being the same for all cars. The crossing is a simple four-road intersection,
where the traffic light gives way only for one direction at a time. The restrictive
assumptions can be reduced during the modelling process, to obtain a more sophis-
ticated solution.

For the case of the traffic lights using the first approach, students have to identify
the possible ways through the intersection and then calculate the time a car needs to
pass the crossing in three different directions that means with different radii of cur-
vature. These calculations are mostly done with constant speed in the first approach
considering acceleration in further work. Students may then calculate the average
time to drive through the intersection based on three times calculated before. Using
this average time and estimated times for red, yellow and green phases, the number
of cars passing the intersection in a certain time is calculated and seen as the capac-
ity of the intersection.

In the second approach focusing on the time until a car is entering the intersec-
tion, one has to calculate the starting time of a whole queue of cars, when the traffic
light switches to green, which leads to the number of cars that can enter the intersec-
tion during one green phase. This calculation deals with constant and accelerated
movements and the time a car has to wait until the necessary distance to the car
before occurs. One also needs to take into account that the cars at the end of the line
drive with constant speed according to the speed limit after a phase of acceleration.
The processes in the roundabout are quite complex and can be simulated, which
leads to a deeper understanding of the roundabout process (for further details, see
Stender and Kaiser 2016).
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39.4 Methods

In an in-depth study (Beutel and Krosanke 2012), the entire working process of one
group of students was analysed and reconstructed. The reconstruction provided
important knowledge about the students’ solving process and about teachers’ behav-
iour in modelling processes. The effects of interventions in the context of the com-
plete modelling process were analysed, distinguishing short-term and long-term
effects. Based on transcribed video-recordings, the material was analysed using the
methodological approach of qualitative content analysis (Mayring 2015).

The segmentation of the entire solution process at various levels, which is the
result of the analyses, has been visualised over time (see exemplarily in Fig. 39.2).
To ensure reliability of the methodical approach two researchers coded the material
separately and discussed non-conformities.

The main categories of analysis were developed inductively and deductively
(these are shown in the seven rows of Fig. 39.2):

e Thematic topics related to the modelling problem (code: paraphrase of the work);

e Type of intersection the students are working on (codes: students are working on
the traffic light or on the roundabout or on both comparing them);

* Subtopic (code: according to subtopic coding scheme developed inductively);

e Phases of the modelling cycle (codes: six phases of the modelling cycle);

e Timeline in minutes (Fig. 39.2 shows an example lasting 12 min);

e Working behaviour (codes: independent student activities, reluctant participa-
tion, nonworking phases);
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Fig. 39.2 Visualisation of the reconstructed modelling process
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* Classification of the intervention (code: according to coding scheme of interven-
tion, e.g. invasive or responsive, non-verbal intervention, motivational help,
feedback help, general-strategic help, content-oriented strategic help, content
help, organisational matters, discipline problems);

* Intervention as a trigger of metacognitive processes such as procedural and/or
declarative (not included in the visualisation shown in Fig. 39.2).

The visualisation helps to identify specific characteristics of the solving process by
considering only one level of the reconstruction at a time. On the other hand, the
different levels can be considered at the same time to identify interactions between
the students’ modelling process and tutors’ behaviour. Due to the restriction of the
observation to only one small group of students with five students, the generalis-
ability of the results is limited.

39.5 Results

In the following, we will concentrate on the interactions between students’ solution
processes and tutors’ behaviour.

39.5.1 Effects of Tutors’ Interventions on the Working
Behaviour of Students

The analyses show that non-verbal interventions had no negative impact on the way
students work in the group. This means that just the fact that tutors looked for the
kind of work the students were doing without speaking to them, but noticed by the
student, did not disturb the students’ work.

Mostly success can be observed, that is, students take up their work again after a
standstill; however, several special incidents happened. For example, in the middle
of the second day of modelling, a long period of nonworking occurred, which arose
after a special intervention. The students had completed their first modelling cycle,
and the tutor wanted them to validate their solution and to start a new modelling
cycle. The tutor therefore pointed to the validation phase in a modelling diagram
hanging on the wall telling them that they were in that phase of the modelling pro-
cess and asked them to think about the results once more and then start again. This
intervention was followed by long nonworking phases of the students and a domi-
nance of intervention phases compared to independent activities. Apparently, the
students were not able to improve their model by going through the modelling cycle
another time or were not motivated enough to restart the modelling process, maybe
because they felt their previous work was not valued enough. This incident high-
lights that restarting a modelling cycle after validating the results achieved is a com-
plex phase within modelling activities and needs sensitive teacher interventions.
Furthermore, this incident shows that considering only the working behaviour
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directly after an intervention as an indicator of successful assistance is not differen-
tiated enough. It must be taken into account that interventions may have as a long-
term process other effects, showing the success of minimal and adaptive support
over time. In the following, we report the effects of teacher interventions differenti-
ating between short-term and long-term effects of the tutors’ interventions.

39.5.2 Short-Term and Long-Term Effects of Interventions

Two interventions that took place within the first hour of the modelling process
observed seem adequate for the analysis of long-term and short-term effects. The
students were working on understanding the modelling problem and on making
assumptions about the flow of traffic at crossroads. The analysis of the incident
shows that the students were unable to assess whether they were allowed to make
assumptions and, accordingly, for which variables of the specific modelling prob-
lem it was adequate to make assumptions.

Eric:  Are we allowed to come up with numbers? (all students looking to the
tutor)

Tutor:  Yes. So what kind of numbers do you want to come up with?

Eric: ~ Oh, well — there is an intersection and from the right the cars come from

the countryside driving into the town. That are eight percent. Okay?
Tutor:  If you all agreed on it this is okay in the first run.
Eric:  Yes (nodding).
Tutor:  You together have to decide that.

Eric: So eight percent (addressing his group) — even it’s not so good for
calculation?
Anna:  No.

This dialogue led to various assumptions by the students. Analysis of students’
activities immediately after this intervention showed the response could be assessed
as successful, because the students continued to work and developed assumptions
which they could not have made before. Finally, the students’ assumptions led to a
real-world model, which was too complex to solve, so the concentration on work
decreased and the intervention was rated as unsuccessful. This last nonworking
phase led to another intervention: The students presented their work, and the tutor
expounded the problems of the students’ assumptions, not by rating them but in a
way that the students were in need of an explanation of the assumptions made. This
is what we call a strategic intervention and in terms of scaffolding transfers respon-
sibility of the work to the students. Within this explanation, the students realised
that their assumptions had a high complexity and were thus encouraged by the tutor
to simplify them further. Due to this intervention, reasonable assumptions of the
general conditions at one crossroad were developed, but the students also estimated
the number of cars that pass through the roundabout per minute. As this influential
factor needs to be calculated and not estimated, this was not yet an adequate
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simplification of the real situation and led to a phase of uncertainty. The effect of
this intervention can again be rated differently, namely, as success in the short term
but with problematic long-term consequences. From the perspective of scaffolding,
the students took over responsibility and worked independently for a while, so this
strategic help was successful with respect to scaffolding.

There are also interventions which were completely ignored in the short term by
the students but were taken up in the long run. For example, prepared material for
the simulation of the roundabout was handed out by the tutor, but the students did
not use it immediately. After a short while, the material was used independently and
the results were very important for the modelling process. This intervention had
hardly any short-term effects but had a long-term success.

To summarise, these results indicate that the success of teachers’ interventions
can be evaluated differently considering short- or long-term developments. The
tutors have to consider these different aspects while intervening, which points to the
difficulty of real adaptive interventions. In an attempt to develop a definition of suc-
cess of interventions at different levels, metacognitive processes, which have been
triggered by an intervention, have proven to be important. Effects at the declarative
level (concerning learning strategies, person and task characteristics) as well as at
the procedural level of metacognition can be identified. Strategic interventions are
mostly the trigger of such processes, but they can also be an effect of content-related
help and feedback. If feedback was identified as the trigger of metacognitive pro-
cesses, feedback had been given in combination with a content-related help.

39.5.3 Improvement of the Competence ‘Simplifying’

The students dealt with complex modelling problems for the first time, that is, they
were modelling novices. This meant, amongst other things, that they were not used
to dealing with complex modelling problems. As already mentioned, they had espe-
cially no experience with adequate simplifying. Many difficulties in understanding
which assumptions and simplifications were adequate and which were not can be
identified. After the interventions described in Sect. 39.5.2, 11 other interventions
concerning simplifying could be identified. In more than half of these interventions,
only already existing assumptions were presented, and no new ones were devel-
oped. Even in other interventions observed, mainly no simplifying activities could
be identified. However, on the second day, the students gained competency in sim-
plifying and to know which assumptions may be adequate during a modelling pro-
cess. For example, the assumption of how many cars can pass the roundabout per
minute, which had been used on the first day, was explicitly rejected on the second
day. To conclude, low external influence — that is, only strategic help by the tutor —
and a long time of working autonomously on one problem seem to be adequate to
increase the competency to simplify in the group and thus the transfer of responsi-
bility to the students was successful.
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39.5.4 Focus on the Intervention: ‘Present Status of Work’

The intervention to present the status of the work and the results is the intervention,
which was identified as given the most in the present study. As in previous studies
(Kaiser and Stender 2013), its high potential for students’ metacognitive activities
and for teachers was confirmed. One consequence of this particular kind of inter-
vention can be the promotion of reflecting and structuring the current results and
current activities. Success was identified in terms of progress in the modelling pro-
cess by the following effects: the solution of a partial problem, the realisation of the
importance of obtained results and thus their inclusion into the modelling process
and the verbalisation of previously intuitive insights. For example, the students for-
mulated the result of their mathematical simulation of traffic flow on a roundabout,
which is essential for the solution process, within the intervention present status of
work for the first time. In another situation, the students tried to use their previous
results to solve the interim problem: ‘How many cars can pass through the round-
about per minute?’ After a long time of nonworking, the intervention present status
of work helped the students to remember an important result, which had already
been obtained earlier. A short time later, the students were able to solve their interim
problem adequately.

39.6 Conclusion

To summarise, the study presented confirms the usefulness of special kinds of inter-
vention as a diagnostic tool for teachers. The study confirms the high relevance of
diagnosis activity in order to give adaptive assistance to the students’ problems. The
importance of diagnosis-based support could be identified in exemplary interven-
tions. For example, a wrong diagnosis led to the breakdown of the work by the
students, although the work may have made sense in terms of working indepen-
dently. In addition, a misdiagnosis may lead to an inadequate assistance by the tutor,
which might cause much confusion with negative impact on the working behaviour
or may lead to boredom by students, because the tutor refers to aspects already
considered sufficiently by the students. In conclusion, the intervention ‘present sta-
tus of work’ can be considered by teachers as a powerful scaffolding measure at the
beginning of every intervention in complex modelling processes, because it has the
potential for a positive impact on the solution process in various respects.
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