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Abstract. While problem-posing respecting real-world situations can be a promising approach for fostering
modelling competence, research on modelling through problem posing is scant. This present paper aims to
characterize the mathematical tasks designed by prospective teachers regarding the criteria of a modelling
problem. Data were collected from fifty mathematical tasks posed by twenty-five preservice teachers as
participants at a public university in Surabaya, Indonesia, within a summative test of an assessment course.
The problem-posing task asked the participants to pose two different mathematical tasks from a given real-
world situation. To analyze, the participants’ responses were coded as solvable or unsolvable tasks and then
further coded regarding two aspects of modelling problem i.e., connection to reality and openness of a
problem. Our analysis revealed that the participants tended to pose problems with authentic connections
rather than artificial connections to reality. However, only a few of the posed problems were indicated to
promote openness in terms of either various mathematical models or an unclear initial state, which is the
crucial indicator of a modelling problem. Implications regarding modelling competence via problem-posing

in preservice teacher education are discussed.
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1 Introduction

In many countries, mathematical modelling, which is
regarded as the process of making sense of a real-world
situation mathematically and using several iterations of
problem-solving to find a solution (Lesh & Doerr,
2003), is currently posited as a crucial part of all levels
of mathematics education (Krawitz et al, 2022; Yang et
al, 2022). It is now more crucial than ever for teacher
preparation programs to make sure that they are
equipping preservice teachers with the skills necessary
to effectively encourage fruitful mathematical
modelling in their classrooms. According to Paolucci
and Wessels (2017), teacher preparation programs
should provide interventionist programs that not only
could encourage preservice teachers’ metacognitive
recognition of the thinking processes and behaviors that
characterize mathematical modelling, but also possess
to design tasks and problems that successfully include
their future students in the process of mathematical
modelling.

Designing a mathematical modelling task is known
as a challenging activity since some criteria need to be
fulfilled by the designer when posing such kind of task.
Various criteria for modelling problems were proposed
by some scholars. Lesh, Hoover, et al (2006)’s
framework, one of the most often cited ones, presents
six guidelines for structuring a modelling task. These
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include the simple-prototype principle, the reality
principle, the model-construction principle, the self-
evaluation  principle, the model-documentation
principle, and the model-generalization principle. The
reality principle is also highlighted by Hartmann et al
(2021) when assessing students created mathematical
modelling tasks. Within their analytical framework, the
aspect of problem openness, which is also concerned by
Maal3 (2010) and Yeo (2017), becomes another crucial
aspect of the evaluation of the extent to which a posed
mathematical task can be coded as a modelling task.
Research on assessing modelling tasks has given
special attention to the criteria of connection to reality
and openness in recent years. Stohlmann et al (2017)
stressed that the aspect of reality indicates the potential
of modelling tasks which can promote students to
interpret the activity meaningfully given their varying
degrees of mathematical proficiency and general
knowledge. It is also noted that this aspect reflects
realistic scenarios that make sense in terms of students’
real-life experiences and knowledge (Hartman et al,
2021; Unver et al, 2018; Turner et al, 2022). This is in
line with the conceptualization of reality connection
revealed by Palm (2007) highlighting that when a
problem asks a question that is crucial to the real-world
scenario being portrayed and thus accurately reflects
significant elements of that circumstance, it has an
authentic connection to reality. When a problem does
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not address essential elements of the situation in the
actual world, it is regarded to have an artificial
connection, and if it is purely mathematical in nature, it
is deemed to have no link to reality. Meanwhile, the
openness of a problem indicates the use of various
mathematical models or an unsettled starting point
(Silver, 1994; 1995). From a wider perspective, the
openness of tasks shows the possibility of various goals,
methods, task complexities, answers, and extensions, as
well as how different types of tasks may affect student
learning (Yeo, 2017). In this paper, we considered the
openness of problems related to two main aspects,
namely whether the mathematical models might be
constructed by solvers are various or not and whether
the initial state was clear or not as an unclear initial state
is a feature of modelling challenges (Maa3 2010). The
clarity of initial state is also closely related to knowledge
about the real world with extraneous or missing data, in
which a solver of modelling problems should rely on
assumptions when there is a lack of knowledge or given
information (Hartmann et al, 2021).

In conjunction with the criteria of modelling
problem, preservice teachers meet challenges to create a
such problems. To meet these challenges, scholars
suggest problem-posing as activities that guides
preservice teachers to create their modelling problems
for school learning. For preservice teachers, posing
modelling problem is not only intended to improve their
modelling competences, which in this regard, Blum and
Niss (1991) argued that problem-posing may be helpful
for modelling since it can be viewed as a problem-
solving activity, but also to improve their skills in
designing problem for being implemented within their
future teaching practices. While problem posing based
on real-world events might be a promising strategy for
encouraging students’ modelling competence due to its
strong connection to problem-solving (Hartmann et al,
2021), there is still few research on encouraging
students’ modelling through problem posing.
Additionally, research on exploring preservice teachers’
performance in posing modelling problems are still
lacking although some are reported to show current
trend of modelling task design in recent years (See e.g.,
Geiger et al, 2022; Palm, 2007; Paredes et al, 2020;
Paolucci et al, 2017; Turner et al, 2022).

Research found that preservice teachers frequently
struggle with posing mathematical tasks such as being
limited to pose simple, one-step tasks, exercises, tasks
with lower-level cognitive demands (procedures
without connections), tasks with a narrow domain, even
non-mathematical or unsolvable tasks, which included
bare or insufficient information (Fitriana et al., 2022;
Kohar et al., 2022). In addition, when confronted with
real-world situations, preservice teachers often find
difficulties in turning a context into modelling problems
(Paolucci, 2017; Ortiz & Ferri, 2022). In conclusion,
problems with task solvability, task fostering various
mathematical models, and task connection to reality
become critical for potential teachers' encounters with
problem posing.

Problem-posing is defined as "both the formulation
of new problems and the re-formulation of existing
ones" (Silver, 1994). One can categorize whether

problem-posing occurs prior to (pre-solution), during
(within-solution), or following (post-solution) problem
solving (Silver, 1994). Another distinction between
problem posing in free situations (for example, posing a
problem with no restrictions), semi-structured situations
(for example, posing a problem based on a given
situation), and structured problem-posing situations (for
example, reformulating the given problem) can be
created (Stoyanova, 2000). The present study addresses
this research gap by examining preservice teachers’
problem-posing performance based on a given situation
in a real-world setting which is potentially constructed
as the basis of posing modelling problem. More
specifically, the aim of this study is to describe the types
of mathematical problems pre-service teachers pose in
each real-world situation.

2 Research Methods

2.1 Context and Participants

Explorative research was chosen as the research
methodology to investigate preservice teachers’ product
of problem-posing, namely mathematical tasks. As
many as twenty-five preservice teachers (7 males, 18
females) who have completed more than half of the total
course credits at an undergraduate program in
mathematics education at a public university in
Surabaya Indonesia, were involved in an interventionist
program for developing their knowledge and
experiences in math assessment. Thus, they have gained
some basic skills in designing mathematical tasks, such
as task format and cognitive processes in task design as
the basis for designing any mathematical problems.
However, they did not join any explicit courses on how
to design modelling problems.

2.2 Instruments and Data Collection

The instrument consists of a problem-posing task where
participants were requested to employ a context of
online taxi driver salary to pose two
different mathematical tasks. The task was completed
by the participants in the summative test of the
assessment course. An assessment expert from the same
university as the first author was asked to analyze the
instrument's initial draft and provide qualitative
feedback on the areas of content, construct, and
language concerns to verify the task. Figure 1 shows the
problem-posing task. The context of the problem in the
task within Figure 1 is well recognized by preservice
teachers.
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ONLINE TAXI DRIVER SALARY incorrect mathematical
A digital transportation company implements three salary schemes for its drivers, namely main income, mathematical models & various
points, and additional commissions. The following table shows information regarding the payroll scheme. assumptions, initial states
P or everyday (satisfies both)
Distance traveled Income @;,;F contexts that
0-10 km DR 10.000 \ make it
=10 km IDR 2.000 per km ; unsolvable)
Points O
Types [ Paints Note |
Basic points \ +1 Obtained from every taking orders from customers at any time |
Bonus points | +2 Oblained for orders during peak hours (06 00-09 00 and 16.00-20.00) |
The maximum number of points per order is 3 points 3 R esu |t$

Daily Bonus Points Exchange
12-14 points = IDR10,000

21-27 points = IDR50,000
28-30 points = IDR70,000

15-18 points = IDR30,000
17-20 points = IDR40,000
The maximum points that can be exchanged per day are 30 poinis

Additional commissions
Additional IDR 3,000 for every order at 23.00-05.00

Pose two different mathemalical problems using the information above. Also, write down allernative
answers for each of these problems to help you check the solvability of the problems.

Fig. 1. Problem-posing task

2.3 . Data Analysis

The frequency of tasks posed by the preservice teachers
was categorized according to two domains: connection
to reality and problem openness. Each created problem
was first evaluated before being classified into those two
domains. Unsolvable problems (tasks) include
confusing language, unexplained crucial premises,
insufficient contextual, numerical, figural, tabular, or
pictorial information concerning the provided context
(online taxi driver salary) that causes it impossible to
solve was also considered to be unsolvable (Kohar et al,
2022).

To examine the reliability of the coding, the authors
applied Cohen's Kappa for each of the codings from the
coders, which are the first, the second, and the third
author. Cohen’s Kappa (k) resulted from analyzing the
coding statistically. The resulted k score is respectively
0.874 (n=44), 0.867 (n=44), and 0.642 (n=50) for the
solvability of the task, connection to reality, and
openness of the problem. According to Landis and Koch
(1977), this result indicates that the coding is almost
perfect for both domains of solvability of task and
connection to reality the two raters, while that is
substantial for the domain of openness of the problem.
Hence, the authors negotiated the coding primarily on
the domain of the level of cognitive processes to
increase the agreement. To report, the codings of the
second author were then selected to be further analyzed
and reported.

Table 1. Analytical Framework of Coding Schemes

Solvable » Authentic » Closed Problem
(Problems (occurs  in (Single  Answer
can be solved the real and Method)

by world), » Open  problem:
mathematics, » Artificial more than one
no matter the (not really mathematical
sentence happening model (at least two
structure  is in the real different

easy to world, mathematical
understand camouflage models)

or not, context, » Open  problem:
whether the without various initial state
problem is context the (there are
contextual problem assumptions

[or not]), can still be required,

» Unsolvable solved) information
(Cannot  be needed but not
solved due to known)
lack of » Open  problem:

information, more than

3.1 Distribution of Problems

Of the fifty responses, there were 44 items (88.0%) that
are solvable, while the remaining 6 items (9.09%) are
unsolvable. Since we were only interested in the
solvable tasks, we did not consider the unsolvable tasks
for further analysis. Table 2 indicates the distribution of
solvable tasks regarding the level of context use and
level of cognitive processes.

Table 2. Distribution of problem

Types N Percentage
(%)

Solvable 44/50 88.00%

Artificial Connection 4/44 9.09%

Authentic Connection 40/44 90.91%

Closed Problem 35/44 79.55%

Open problem : more than one 3/44 6.82%

mathematical models

Open problem : various initial 5/44 11.36%

state

Open problem : more than 1/44 2.27%

mathematical models & various

initial state

Table 2 shows that most of the problems posed by
the preservice teachers are regarded as solvable (88%),
while only four of them are coded as problem with
artificial connection. Meanwhile, more than 90% of
them included authentic connection. With regard to the
openness of problem, most of the posed problems have
only one mathematical model or strategy to solve, while
them included authentic connection. With regard to the
openness of problem, most of the posed problems have
only one mathematical model or strategy to solve, while

3.2 Unsolvable Problem

Translation: A driver gets orders for ojek five times a
day, namely two passengers with 10 km at 10:00 and
three passengers each at 07:00-08:00. Determine the
driver's income in a day.
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Friday 16
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Translation: A driver gets orders for ojek five times a day,
namely two passengers with 10 km at 10:00 and three
passengers each at 07:00-08:00. Determine the driver's income
in a day.

Fig. 2. Unsolvable problem

O .

Problem in Figure 2 is unsolvable since there is
missing information about the distance travelled by the
driver regarding the contextual information about taking
three passengers who ordered online taxi driver. Thus,
the problem is unsolvable.

Yoda WA o wras AR bAFaw Vauws  pewcadn Vowys karian
e havd pdalavw 3o \{E\w Agavilafara e'}er owlhwe yawng geg-‘
OrAeun  Adw  Wanyl widawpu wewewmpls arar S¥w perbari
- 4ew;avv1\,,0.go,) per Wart - sk Make fewhkaw Veraju saya
— Rwwngeian wowg s diewlel dewyan wewguudaltan
L Xb\'v« Aav wiA  ruwbhalun Yudu YV\\\ 23.00- 05001 0
Vyakan gewdipar awdo verdogarkaw harl avaldd quda (:;Ir_‘ﬂ

_namun 8 Wi wend ARATEGn  Mbmimal /VRWG Tawbanan

Translation: In the illustration, it is known that the maximum
daily point exchange is 30 points. If an online motorcycle taxi
driver is low on orders that day, and is only able to cover a
distance of 5 km, while he wants to earn IDR100,000 by
relying on additional points and commissions at 23.00-05.00,
determine how likely the income he will get? Explain your
strategies

Fig. 3. Unsolvable Problem

Another example of unsolvable problem is given by
Figure 3, showing that it is mathematically unsolvable
due to the missing interpretation of the use of bonus
points that a driver might get when the distance traveled
is only 5 km, which is impossible to get additional points
for exchange.

3.3 Artificial Connection

; Bedkul adalah dafa ypvg wewuvjukkan goin yomg
"—A{AQPZX_Y auﬂ?uuo‘-‘ C selawma g \Tﬂr" kerja.

Hari [ 3m3&i?6d¢l« WhGr T e
Sewm ze | - b

“[Seasa | 19 [Termfakal vola-raia penda-

TR |20 | peton kowas per ban gawg

tawxsf _13 J\'Perole\z\ C. wewvurut deaka

T ot e Aisawpina 7 7

Translation: The following table indicates the total points got
by driver C in five weekdays.

What are the average bonus points obtained by driver C?

Fig 4. Artificial connection Problem

Whether or not the situation of getting points from
driving activity in the online taxi driver company, the
performance of a solver of problem in Figure 4 will not
be affected by such a situation. It means, the context of
the problem is artificially wrapped in the problem

3.4 Authentic Connection

¢ fak faicol adalh salah sab emudi di bluegek . Hari mi, t@ svdah
" mela kolan / wendapat or r«qe[:p beakel - "ﬂ .
> fer‘Planan r‘v\enq?'f\ﬂ’a« 41 ']ara'k 0-10 km se‘naﬂa\g 6 La‘la a\r:]am fide

pak Fasol beker J:aril @M 06.00- 1b.go  Saat iny, r\)l«ol 12,00
Berdasarkan informasi di oyek online di =y, i Jakan opa gy b dramhl
Qak Faisol agar kari i 12 bza meﬁ\fen,\e}‘, P\A;Fatn R 100,05 7.

Translation:
Mr Faisal is an online motorcycle taxi driver. Today, he
received an order with the following details.
The trip takes passengers with a distance of 0-10 km 6 times
during peak hours until 12.00. He works from 06.00-16.00.
If he wants to earn IDR100,000 that day, what action can
he take?

Fig 5. Authentic connection problem

Figure 5 indicates a problem with authentic
connection since the context of number of work hours,
constraints of targeted income, and number of orders are
used to solve the problem of finding possibilities of
schemes to get the targeted income of IDR100,000.

3.5 Closed Problem

Yenkut mru?a“aﬂ tabol Twayat opder Mtk
Pale. Sendi Joang belerp dengan - BLUERK

Otfer ke~ Tuleal Jarmke tempuh
L 0430 o5 kem
. 0.5 | ke
3 K.05 fhem
A 14-55 Skm

Translation: he following indicates the number of orders by
Pak Sandi who works as a driver in the online ojek.

Order 1 04.30 0.5 km
Order 2 09.15 1 km
Order 3 13.05 1 km
Order 4 14.55 5 km

Find the total income that Pak Sandi got in that day.
Fig 6. Closed problem
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The problem in figure 6 is the most typical problem
found in the participants’ responses. Although it is
simple problem, the interpretation of the information
given in the table of illustrations is rather complicated
so that the solver of this problem can implement the
rules of giving salary to the driver correctly.

3.6 Open Problems

Pl i wevevgeicar binhwe (4 Wame Wendopatleon

- SR SeRdekngy,
Bpsv-vb  yev bowi  den h’:’:»«gl«bwan nye -
L

beer;
o » eje & Pevusatann “Buueae
“Omvmb"‘\ﬁ‘mym*numhnu Yovule gang  woanas ditempuh  Pai Wdi dan
ke mendapatlon  pon fombalon
bow tni 1 Yedathan  aheSunmmu !

o D

a hod kAo b

LY
D ia wanca v, bevorbiye

Translation: Pak Budi targets that he should earn at least IDR
50,000 per day from his income as a driver at an online
motorcycle taxi company. In your opinion, what is the total
distance and additional bonus points he must get to meet the
target? Determine the strategy he needs to formulate and
implement to achieve his target

Fig 7. Open Problem

The problem in Figure 7 is an example of a problem
that is closely related to the criteria of the modeling
problem. Not only about its strong connection to reality,
but also its chances to open the solver of this problem to
create more than one mathematical model or strategy to
find the targeted income. Also, various assumptions can
be generated to support the reasoning of getting the
solution of this problem.

4 Conclusion

The study's findings show that it can be difficult to pose
problems using online taxi driver salary. This is
demonstrated by the data, which indicate that there
weren't many problems that fit the criteria for openness,
either because they're connected to various initial
assumptions or mathematical models/strategies. The
following is a discussion of several potential problems
with this conclusion and the potential impact of the
context.

The results of this study serve as a crucial wake-up
call for teacher education, urging future educators to
develop their capacity for posing mathematical
challenges that satisfy the requirements of modelling
tasks. Problem posing is a multifaceted and challenging
task (Crespo & Sinclair, 2008), so problems with this
phenomenon should be addressed by offering
interventions that can enhance aspiring teachers'
capacity of turning contexts into authentic modelling
problem, decrease their propensity to use excessive
amounts of information provided in the tasks, unfamiliar
terms, unspecific units of contexts, and unacceptable use
of mathematical symbols (Zulkardi & Kohar, 2018), and
collaborative problem-posing (Crespo, 2020; Utami &
Hwang, 2021).

To conclude, the findings of this research show that
the preservice teachers tended to pose problems with
authentic connections rather than artificial connections
to reality. However, only a few of the posed problems
were indicated to promote openness in terms of either,

two other villages have received the predicate as very
ready, namely Tinawun Village and Ketileng Village.
The organizational domain is seen from 3 sub-domains

coordination between work units within the
organization, regulatory support (village regulations),
and electronic data management. Various mathematical
models or an unclear initial state, which is the crucial
indicator of a modelling problem.
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