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Abstract 

Real-world mathematical problem (RWMP) solving and posing are important aspects of teaching and learning 
mathematical modelling, as well as developing a mathematization disposition for both teachers and students. 
Several researchers have explored blockages or difficulties in such modelling processes and in problem posing. 
However, prior research has identified difficulties that the pre-service mathematics teachers (PSMTs) encountered 
when they tried to pose a modelling problem by choosing the general topic themselves, as there is little known 
about possible obstacles that PSMTs can encounter when trying to pose a real-world problem relevant to a given 
mathematical topic. The current study explored the difficulties encountered by PSMTs in a RWMP-posing activity. 
The target group was 23 PSMTs with prior experience in mathematical modelling and mathematical problem 
posing. The findings showed that the PSMTs struggled with: (a) task organization, which involved selecting and 
understanding mathematical knowledge; (b) specialized content knowledge, which included a lack of real-world 
knowledge and difficulty in connecting mathematical concepts to real-world contexts; and (c) individual 
considerations of aptness, which encompassed authenticity, interest, complexity, language, and relevance to task 
organization. The PSMTs applied various strategies to complete the posing task, such as using problem-posing and 
solving heuristics, adapting existing problems, sharing and discussing with friends, and considering the 
perspective of a typical student. The implications of these findings should help in developing preparatory 
instructional practices for mathematics teachers.  

Keywords: real-world mathematical problem, pre-service mathematics teachers, difficulties, handlings, problem 
posing 

1. Introduction 

Mathematical problem posing is a challenging and complex task for teachers, preservice teachers, and students 
(Silver, 2013; Cai & Hwang, 2002; Joaquin, 2024). Problem-posing activities enhance various mathematical 
abilities for the problem poser, including understanding of mathematical knowledge (both conceptual and 
procedural), problem-solving skills, mathematical modeling competency, and creativity (Cai et al., 2013; Silver, 
1997). Nowadays, the goal of teaching and learning mathematics in various countries focuses on developing the 
student’s ability to apply mathematical knowledge and skills to solve real-world mathematical problems. Hence, 
the role of the teacher will be transformed from solely focusing on teaching mathematical knowledge and skills to 
enhancing their students' applied knowledge and skills in various contexts through real-world problems that are 
connected to mathematics (Kaiser & Grünewald, 2015). Generally, the characteristics of mathematical real-world 
problems are realistic because they incorporate context, conditions, and data that correspond to real-world 
situations. These problems involve specific criteria and can be interpreted in various ways, such as modelling 
problems, application problems, and contextualized problems (Brown, 2019; McGrane, 2020). Therefore, the 
teacher and preservice teacher must be able to solve and pose the real-world mathematical problems (also known 
as the modelling problem), which is a necessary tool to enhance students’ mathematical learning in the present and 
future (Blum, 2015; Sevinc & Lesh, 2018; Fukushima, 2021; Brady, Ramírez, & Lesh, 2024). Although the 
preservice teachers’ abilities to pose meaningful problems were impacted by the students’ own abilities, research 
has shown that preservice teachers encountered difficulties when attempting to combine mathematical modeling 
and problem posing in the classroom, particularly when starting with real-world contexts. The students often posed 
problems that were irrelevant to mathematics, unsuitable for their level, lacked a sense of ownership, and faced 
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difficulties in connecting the mathematical content to real-world situations (Hansen & Hana, 2015).  

Studying the difficulties in mathematical problem posing has various aspects. For example, Albert Mallart, Vicenç 
Font and Javier Diez (2017) challenged PSMTs to pose a real-world mathematical problem for upper primary 
school students on measuring the surfaces of two-dimensional shapes. They found that PSMTs found it difficult to 
pose the problem in terms relevant to everyday life and to adapt it to the school curriculum at a specific educational 
level. Additionally, Helena Osana and Diana Royea (2011), as well as Jinxia Xie and Joanna O. Masingila (2017), 
investigated PSMTs to pose word problems involving fractions. Their findings revealed that the PSMTs struggled 
with conceptual knowledge in mathematics, particularly in understanding fractions and their operations. They 
faced difficulties in constructing meaningful solutions and representing those solutions symbolically. Other 
studies on the difficulty in mathematical problem posing have focused primarily on tasks that provide PSMTs with 
free problem posing, starting from data or conditions in mathematics and contextualizing them in real life. 
However, there are a few studies that specifically examine the challenges associated with posing problems derived 
from mathematical knowledge or theorems and connecting them to real-world scenarios to engage problem solvers. 
The present paper addresses this research gap by using a problem-posing framework adapted from Kontorovich et 
al. (2011) to explore: (1) the difficulties encountered by PSMTs in real-world problem-posing activities and (2) 
how they handle these difficulties. The findings from the analysis of the difficulty in posing and teaching 
real-world mathematical problems posed by PSMTs should provide necessary information for educators and 
problem-posing task designers. This information is crucial for designing tasks that accommodate the limitations 
and lack of experience in problem-posing faced by PSMTs. Careful consideration and intentional design of 
efficient problem-posing tasks are essential as they serve as empowering tools to encourage and motivate PSMTs, 
allowing them to showcase their full potential in posing meaningful mathematical problems that enhance students’ 
learning in the future. This is particularly important in the context of Thai students, as data from the OECD 
(Organisation for Economic Cooperation and Development) Assessment Report reveals that approximately 
one-half of 15-year-old Thai students did not attain the international basic proficiency level in mathematics during 
PISA 2009 and PISA 2012. Additionally, these students have limited or no experience in applying their 
mathematical knowledge and skills to solve real-world problems (Klainin 2015). Therefore, findings that reflect 
the difficulty and handling of real-world mathematical problems posed by PSMTs are crucial for developing the 
problem-posing abilities of PSMTs and enhancing the quality of student learning in mathematics. Notably, there is 
almost no research that has focused on the challenges faced by PSMTs when engaging in real-world mathematical 
problem-posing activities within the context of Thailand. 

This research aimed to answer two questions:  

1) What are the difficulties encountered by PSMTs in real-world problem-posing activities?  

2) How do they handle these difficulties?  

The findings of this research will serve as a basis for designing learning activities that aim to develop PSMTs’ 
abilities to pose problems linked to the real world. This is particularly important in the context of the development 
of preservice teachers in Thailand, where the curriculum for basic mathematics education has been improved. The 
focus of the curriculum is on applying knowledge, mathematical skills, and processes to solve real-world problems 
more so than in the previous curriculum.  

2. Method 

The goal was to understand the difficulties of a PSMT in handling posed real-world mathematical problems. 

2.1 Participant  

The study involved 23 PSMTs who had prior experience in mathematical modelling activities and problem 
posing. They were voluntarily enrolled in a selected course for mathematics teacher bachelor’s degree program. 
Based on the decision of the ethics committee, it was determined that there was no ethical violation in this study. 
Participants voluntarily participated in the study, and it was not expected that they would be exposed to any 
adverse effects or harm. Privacy of the participants was ensured by presenting the difficulties encountered by 
them in a collective manner, without disclosing specific names or identities. 

2.2 Study Context  

This study was a part of a research project at Kasetsart University, Bangkok, Thailand to develop preservice 
teachers’ competencies in real-world mathematical problem solving, with the aim of encouraging middle-school 
students to engage in mathematization and solving real-world mathematical problems. The PSMTs were divided 
into six equal groups that were assigned to participate in the real-world mathematical problem-posing activity. 
Three of these groups participated in a semi-structured problem-posing task, where they had to connect the 
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point, (2) listing attributes, (3) “what-if-not-ing”, (4) asking questions or posing problems, and (5) analyzing the 
problem. An example of the application of this strategy will be provided in the next topic. 

3.2 PSMTs’ Handling of Difficulties in Real-World Problem-Posing 

Regarding the three PSMTs’ difficulties mentioned, the groups applied teamwork while posing problems. They 
engaged ideas and used discussions to collectively accomplish the assigned task. They applied three strategies to 
handle the difficulties in real-world problem posing: 1) utilizing problem-posing heuristics, 2) utilizing 
problem-posing sources, and 3) considering the thought process of a typical student. These strategies are 
elaborated on as follows: 

1) Utilizing problem-posing heuristics: all PSMT groups applied the What if Not strategy to address the 
difficulties they encountered. This strategy involved questioning if a certain attribute was not suitable and 
considering alternative options. For example, when dealing with the considerations of aptness, they initially 
considered using a pizza as an attribute but deemed it lacking authenticity. Subsequently, they changed it to a 
tent and eventually settled on an igloo. Furthermore, they applied the What if Not strategy to modify the shape 
inside the igloo, transitioning from a rectangle to a trapezoid to introduce greater complexity. Additionally, they 
used this strategy to shift the context from a building’s height to the Fireworks Festival in Korea, making the 
problem more engaging. 

Utilizing the What if Not strategy demonstrated its effectiveness in helping PSMTs overcome the challenges 
posed by the assigned task, particularly in addressing the considerations of aptness. It was observed that the 
PSMTs did not initially list numerous attributes but focused on a specific attribute and evaluated its suitability. If 
found unsuitable, they swiftly switched to alternative attributes. This approach differed from the suggestion by 
Brown and Walter (2005) to list multiple attributes related to the starting point. Overall, the What if Not strategy 
proved to be a powerful tool that enabled PSMTs to overcome obstacles in problem posing and effectively 
address the considerations of aptness in their posing process. 

2) Using problem-posing sources: we observed that the PSMTs encountered difficulties in three phases during 
problem posing: (a) selecting a suitable mathematics theorem, (b) establishing a connection between the theorem 
and the real-world context, and (c) modifying the problem accordingly. To address these challenges, they made 
use of various sources, including textbooks and websites. For example, in the fireworks festival problem, they 
relied on their previous experience with problem-solving in textbooks to identify the Pythagorean theorem as the 
starting point for the problem. Once they established the starting point, they endeavored to change the context 
from the typical textbook examples (such as heighting buildings, trees, and flagpoles) by researching real-life 
applications of the Pythagorean theorem on websites. They also assessed the conditions and context of the 
problem to ensure they aligned with the assigned tasks. 

3) Considering the thought process of a typical student: the PSMTs demonstrated their concern for the problem 
solvers (students) while posing the problem. During the problem-posing process, they followed several steps. 
First, they reviewed and selected well-known and uncomplicated mathematical theorems that would be suitable 
for students. Second, they endeavored to find a real-world context that would be interesting, relevant, and 
relatable to the students. Lastly, they defined the problem and evaluated its appropriateness for the students. 
They carefully read and considered the problem, considering the students’ viewpoint. In addition, they 
interpreted the problem and created illustrations to simplify it, with some groups adding additional information 
or modifying the conditions to ensure clarity. 

4. Discussion 

Several interesting issues arose from the difficulties the PSMTs faced when posing real-world mathematical 
problems and the approaches they used to handle these difficulties, as follows: 

1) Both the semi-problem posing and free problem posing groups encountered difficulty in choosing an 
appropriate and engaging real-world context for posing the mathematical problem. This process required skill in 
mathematization, which is a challenging skill to use effectively in solving modelling problems (Bonotto, 2010; 
Stillman, 2015). The process of connecting a real-world context with mathematical content to pose the problem 
was complex and challenging. It necessitated an understanding of the real-world situation, exploration, and posing 
of problems in accordance with the hypothesized process model for modelling-related problem posing as 
considered by Hartmann, Krawitz and Schukajlow (2022) and shown in Figure 7. 
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the perspective of a non-experienced real-world problem poser, practicing the What-if-Not strategy as a powerful 
heuristic for PSMTs when posing both mathematical and real-world mathematical problems, and determining the 
condition of the primary problem-posing activity should not concern individual considerations of student’s 
aptness.  

Additionally, the findings reinforce the importance of incorporating real-world contexts and applications in 
teaching of mathematical principles to both students and preservice teachers. Specifically, educators should 
provide the PSMTs with opportunities to explore and engage with authentic, real-world mathematical problems 
to enhance specialized content knowledge, ability in connecting mathematical concepts to practical situations, 
and effectiveness in teaching mathematics to future students. 

Furthermore, the study highlights the value of collaborative approaches in problem posing. Encouraging PSMTs 
to share and discuss problem-posing strategies with their peers can foster a supportive professional learning 
community, enabling the PSMTs to learn from their collective experiences and perspectives. This collaborative 
approach can enhance the quality and diversity of posed problems, leading to improved mathematical learning 
experiences for students. Thus, educators should consider the productive learning environment and collaboration 
when designing problem posing activities for PSMTs. 

While this study has provided valuable insights, it is essential to acknowledge its limitations. The findings are 
based on a specific sample of PSMTs and are perhaps not applicable to the broader population. Future research 
should aim to include a more diverse sample to ensure greater representativeness. Additionally, longitudinal 
studies can provide a deeper understanding of the impact of learning interventions on PSMTs' real-world 
mathematics problem-posing abilities over time. 

Acknowledgments 

Not applicable  

Authors’ contributions 

Not applicable  

Funding 

Not applicable 

Competing interests 

The authors declare that they have no known competing financial interests or personal relationships that could 
have appeared to influence the work reported in this paper. 

Informed consent 

Obtained. 

Ethics approval 

The Publication Ethics Committee of the Canadian Center of Science and Education.  

The journal’s policies adhere to the Core Practices established by the Committee on Publication Ethics (COPE). 

Provenance and peer review 

Not commissioned; externally double-blind peer reviewed. 

Data availability statement 

The data that support the findings of this study are available on request from the corresponding author. The data 
are not publicly available due to privacy or ethical restrictions. 

Data sharing statement 

No additional data are available. 

References 

Blum, W. (2015). Quality teaching of mathematical modelling: What do we know, what can we do? In S. J. Cho 
(Ed.), The Proceedings of the 12th International Congress on Mathematical Education (pp. 73–96). Cham, 
Switzerland: Springer International Publishing. https://doi.org/10.1007/978-3-319-12688-3_9 

Bonotto, C. (2010). Realistic mathematical modeling and problem posing. Modeling Students’ Mathematical 
Modeling Competencies: ICTMA, 13, 399–408. https://doi.org/10.1007/978-1-4419-0561-1_34 

Borromeo Ferri, B. (2017). Learning how to teach mathematical modeling in school and teacher education. 



jel.ccsenet.org Journal of Education and Learning Vol. 13, No. 3; 2024 

141 

Springer. https://doi.org/10.1007/978-3-319-68072-9 

Brady, C., Ramírez, P., & Lesh, R. (2024). Problem Posing and Modeling: Confronting the Dilemma of Rigor or 
Relevance. In Problem Posing and Problem Solving in Mathematics Education: International Research and 
Practice Trends (pp. 33–50). Singapore: Springer Nature Singapore. 
https://doi.org/10.1007/978-981-99-7205-0_3 

Brown, J. P. (2019). Real-world task context: meanings and roles. In Lines of inquiry in mathematical modelling 
research in education (pp. 53–81). https://doi.org/10.1007/978-3-030-14931-4_4 

Brown, S. I., & Walter, M. I. (2005). The art of problem posing. Psychology Press. 
https://doi.org/10.4324/9781410611833 

Cai, J., & Hwang, S. (2002). Generalized and generative thinking in US. and Chinese students’ mathematical 
problem solving and problem posing. The Journal of Mathematical Behavior, 21, 401–421. 
https://doi.org/10.1016/S0732-3123(02)00142-6 

Cai, J., Moyer, J. C., Wang, N., Hwang, S., Nie, B., & Garber, T. (2013). Mathematical problem posing as a 
measure of curricular effect on students’ learning. Educational Studies in Mathematics, 83(1), 57–69. 
https://doi.org/10.1007/s10649-012-9429-3 

Crespo, S. (2020). Learning to pose collaborative mathematics problems with secondary prospective 
teachers. International Journal of Educational Research, 102, 101430. 
https://doi.org/10.1016/j.ijer.2019.05.003 

El Sayed, R. A. E. (2002). Effectiveness of problem posing strategies on prospective mathematics teachers’ 
problem solving performance. Journal of Science and Mathematics Education in Southeast Asia, 25(1), 56–
69. 

Fukushima, T. (2021). The role of generating questions in mathematical modeling. International Journal of 
Mathematical Education in Science and Technology, 1–33. 
https://doi.org/10.1080/0020739X.2021.1977402 

Hansen, R., & Hana, G. M. (2015). Problem posing from a modelling perspective. In Mathematical problem 
posing: From research to effective practice (pp. 35–46). https://doi.org/10.1007/978-1-4614-6258-3_2 

Hartmann, L. M., Krawitz, J., & Schukajlow, S. (2022). The process of modelling-related problem posing – A 
case study with preservice teachers. 

Joaquin, M. N. B. (2024). Problem Posing Among Preservice and Inservice Mathematics Teachers. In Problem 
Posing and Problem Solving in Mathematics Education: International Research and Practice Trends (pp. 
173–187). Singapore: Springer Nature Singapore. https://doi.org/10.1007/978-981-99-7205-0_10 

Kaiser, G., & Grünewald, S. (2015). Promotion of mathematical modelling competencies in the context of 
modelling projects. In Mathematical modelling: From theory to practice (pp. 21–39). 
https://doi.org/10.1142/9789814546928_0002 

Klainin, S. (2015). Mathematics education at school level in Thailand The development-The impact-The 
dilemmas. Institude for the Promotion of Teaching Science and Technology. 

Kontorovich, I., Koichu, B., Leikin, R., & Berman, A. (2012). An exploratory framework for handling the 
complexity of mathematical problem posing in small groups. The Journal of Mathematical Behavior, 31(1), 
149–161. https://doi.org/10.1016/j.jmathb.2011.11.002 

Kovács, Z. (2024). An Approach to Developing the Problem-Posing Skills of Prospective Mathematics Teachers: 
Focus on the “What if not” Heuristics. In Problem Posing and Problem Solving in Mathematics Education: 
International Research and Practice Trends (pp. 189–215). Singapore: Springer Nature Singapore. 
https://doi.org/10.1007/978-981-99-7205-0_11 

Lavy, I., & Bershadsky, I. (2003). Problem posing via “what if not?” strategy in solid geometry—a case 
study. The Journal of Mathematical Behavior, 22(4), 369–387. 
https://doi.org/10.1016/j.jmathb.2003.09.007 

Mallart, A., Font, V., & Diez, J. (2018). Case study on mathematics pre-service teachers’ difficulties in problem 
posing. Eurasia Journal of Mathematics, Science and Technology Education, 14(4), 1465–1481. 
https://doi.org/10.29333/ejmste/83682 

McGrane, C. (2020). Mathematical Tasks: The Bridge Between Teaching and Learning. John Catt Educational. 



jel.ccsenet.o

Osana, H.
fracti
352. h

Rellensma
probl
stude
https:

Sevinc, S
mode

Silver, E. 
posin

Silver, E. 
lookin
https:

Stillman, 
mode

Takahashi
Routl

Xie, J., & 
prosp
https:

 

Appendix

The igloo 

An Eskim
sleeping a
question is

 

 

Appendix

The space

Space stati
Find the le
of the Eart

 

org 

. P., & Royea
ons: A view fr
https://doi.org/

ann, J., & Sch
em’s connecti
nts’ interest 
://doi.org/10.1

S., & Lesh, R
eling-based tea

A. (1997). Fo
ng. Zentralblat

A. (2013). Pr
ng ahead
://doi.org/10.1

G. (2015). P
elling: From th

, A. (2021). T
ledge. https://d

Masingila, J. 
pective primary
://doi.org/10.1

x A  

problem  

mo family cons
area in the sha
s: What is the m

x B  

e station prob

ion B is photo
ength of time i
th are aligned o

a, D. A. (201
rom a small-sc
/10.1016/j.jma

hukajlow, S. (2
ion to reality?

in problem
007/s11858-01

R. (2018). Tr
acher education

stering creativ
t für Didaktik 

roblem-posing
d. Educa
007/s10649-01

Problem findin
heory to practic

Teaching math
doi.org/10.4324

O. (2017). Ex
y teachers: A 
007/s10649-01

structs an iglo
ape of a trapez
minimum amo

lem 

graphing lunar
it takes for the 
on the same pl

Journal of Ed

11). Obstacles
cale interventio
athb.2011.07.0

2017). Does s
 An analysis 

ms with and 
16-0819-3 

raining mathe
n courses. ZDM

vity through in
der Mathemat

g research in m
ational S
13-9477-3 

ng and proble
ce (pp. 41–56)

hematics throu
4/9781003015

xamining inter
case of using 
17-9760-9 

oo (a snow ho
zoid, which is
ount of leather 

r phenomena b
signal from st

lane. 

ducation and Le

142 

s and challeng
on study. The J
001 

students’ intere
of students’ in

without a 

ematics teache
M, 50, 301–31

nstruction rich 
tik, 29(3), 75–8

mathematics e
Studies in

em posing fo
). https://doi.or

ugh problem-s
5475 

ractions betwe
fractions. Edu

ouse made of 
 covered with
they need? 

by sending a s
tation B to reac

earning

ges in preserv
Journal of Mat

est in a mathe
nterest and pre

connection 

ers for realis
4. https://doi.o

in mathematic
80. https://doi.

education: loo
n Mathe

or mathematic
rg/10.1142/978

solving: A ped

een problem p
cational Studi

snow bricks)
h leather, as de

ignal via satel
ch station A w

vice teachers’ 
thematical Beh

ematical probl
e-service teach
to reality. ZD

stic math pro
org/10.1007/s1

cal problem so
org/10.1007/s

oking back, lo
ematics, 

cal modelling.
89814546928_

dagogical appr

posing and pro
ies in Mathema

. Inside the ig
epicted in the 

lite C back to 
when stations A

Vol. 13, No. 3;

explorations 
havior, 30(4), 

lem depend on
hers’ judgmen
DM, 49, 367–

oblems: a cas
11858-017-089

olving and pro
11858-997-00

ooking around,
83, 157–

. In Mathema
_0003 

roach from Ja

oblem solving 
atics, 96, 101–

gloo, they cre
figure below.

station A on E
A, B, and the c

2024 

with 
333–

n the 
nts of 
–378. 

se of 
98-9 

blem 
03-x 

, and 
–162. 

atical 

apan. 

with 
–118. 

ate a 
. The 

Earth. 
enter 



jel.ccsenet.o

 

Appendix

The firew

At the 202
from the lo
in a horizo
from the fi

 

 

Copyright

Copyright 

This is an 
license (ht

org 

x C 

works festival p

22 Internation
ocation where 
ontal plane, co
fireworks to him

ts 

for this article

open-access a
ttp://creativeco

 

problem  

nal Fireworks f
the fireworks 

overing an area
m is approxim

e is retained by

article distribu
ommons.org/lic

Journal of Ed

Given:

• Station 

• Stations

• The Ear

• The sig

festival in Ko
were set up. T
a of 154 squar

mately 300 mete

y the author, w

uted under the 
censes/by/4.0/

ducation and Le

143 

B is 5,000 kilo

s A and B floa

rth's radius is 6

nal travels at a

rea, Mr. Kim 
The fireworks r
re meters. Mr.
ers. Do you ag

with first public

terms and con
/). 

earning

ometers away 

at 500 kilomete

6,000 kilomete

a speed of 100 

Owen stood a
rose up to a he
. Kim Owen b
gree or disagree

cation rights gr

nditions of the

from Satellite 

ers above the E

ers. 

km/s. 

at a viewpoin
eight of 30 me
believes that th
e with this stat

 

ranted to the jo

e Creative Com

Vol. 13, No. 3;

C. 

Earth's surface

t 300 meters a
eters and sprea
he shortest dist
tement? 

ournal. 

mmons Attrib

2024 

. 

away 
d out 
tance 

ution 


