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Abstract

Problem posing is a promising teaching method for enhancing motivation and performance
in mathematics and more specifically in mathematical modelling. Hence, the goals of our
study were twofold: (1) to examine the effects of problem posing on modelling perfor-
mance, self-efficacy, and task values in solving modelling problems, and (2) to analyze
whether problem posing affects modelling performance via self-efficacy and task values.
In a randomized control trial involving ninth- and tenth-grade students (N=210), partici-
pants were assigned to either a problem-posing and problem-solving group or to one of
two problem-solving groups. Students in the problem-posing and problem-solving group
received a booklet with descriptions of real-world situations and were prompted to pose
and subsequently solve their own problems. Students in the two problem-solving groups
received the same real-world situations with given problems and were asked to solve the
problems. Before solving the problems, students in all groups reported their self-efficacy
and task values. Prompting students to pose their own problems positively enhanced stu-
dents’ self-efficacy and partially improved their task values in solving modelling problems.
Further, problem posing indirectly affected modelling performance via self-efficacy but not
task values. However, problem posing had no total effect on modelling performance. The
findings for self-efficacy and task values are in line with expectancy-value theories, add-
ing new insights to the field by highlighting the importance of motivational constructs in
problem-posing approaches and instructions aimed at fostering mathematical modelling.
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One of the central goals of a mathematics education is to enable students to apply their
mathematical knowledge in their actual current and future lives (Niss & Blum, 2020, p.
28). This goal has been highlighted in recent calls for the future of math education (Cevik-
bas et al., 2022; Schukajlow et al., 2023a) and in many national curricula, such as in Ger-
many (Kultusministerkonferenz (KMK), 2022) and the USA (National Governors Associa-
tion Center for Best Practices, 2010). To achieve this goal, teachers ask students to solve
modelling problems in mathematics classes. Working on modelling problems is intended to
help students develop the specific competencies needed to solve problems in real life with
the help of mathematics. However, research has shown that solving modelling problems
is often demanding for students (Niss & Blum, 2020, pp. 94-95), and some studies have
demonstrated that students’ motivation to solve modelling problems tends to be lower than
for other types of problems (Krawitz & Schukajlow, 2018). Consequently, there seems to
be a need to help students develop modelling competencies and foster their motivation to
work on modelling problems. Building on previous research on fostering students’ model-
ling competencies (for an overview, see Cevikbas, 2022) and their motivation in model-
ling (e.g., Czocher et al., 2020; Krawitz et al., 2022; Schukajlow et al., 2019), we focused
on prompting learners to pose their own modelling problems. We consider this approach
promising for two reasons. First, problem posing and modelling are genuinely related to
each other (English et al., 2005; Galbraith & Stillman, 2001; Hansen & Hana, 2015). In the
real world, individuals often need to formulate problems themselves before solving them
(Kilpatrick, 1987), and thus problem posing can affect modelling. Second, we view prob-
lem posing as a promising way to enhance motivation (Cai & Leikin, 2020). When learners
engage in problem posing, they have choices in their problem posing processes, allowing
them to establish their own goals (Bonotto & Santo, 2015; Silver, 1994) or create a prob-
lem that aligns with their own goals. According to motivational theories, such as Eccles’
expectancy-value theory (Eccles & Wigfield, 2020), establishing one’s own goals is impor-
tant for enhancing self-efficacy and task values, which, in turn, are important factors that
influence performance-related outcomes. Thus, prompting students to pose their own prob-
lems for real-world situations might improve their self-efficacy and task values in model-
ling, in turn potentially enhancing their performance in solving modelling tasks. Despite
the importance of problem posing for motivation and modelling, it remains relatively
underexplored in modelling research. Thus, in this study, we aimed to investigate how
prompting students to pose their own problems for given real-world situations affects their
self-efficacy, task values, and modelling performance. Further, this study was designed to
uncover the mechanisms of action between problem posing, self-efficacy, task values, and
modelling performance by proposing and testing a theoretical model.

1 Effects of problem-posing interventions on mathematical modelling,
self-efficacy, and task values

1.1 Mathematical modelling

Mathematical modelling is the process of translating a problem from the real world into a
mathematical world with the aim of solving the problem (Niss et al., 2007). Aligned with
the cognitive perspective on mathematical modelling (Kaiser & Sriraman, 2006; Schu-
kajlow et al., 2023a), several theoretical models (e.g., Blum & Leiss, 2007; Galbraith &
Stillman, 2006; Verschaffel et al., 2000), so-called modelling cycles, depict modelling as
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a cyclic process. Modelling cycles begin with the real-world situation and involve going
back and forth into the mathematical world while passing through several cognitive activi-
ties. These activities include understanding the situation and structuring and simplifying
the information in order to set up a mental model of the idealized situation called the real
(or real-world) model. These activities are subsumed under the term premathematization
(Niss & Blum, 2020, p. 14). The real model is a mental model anchored in the real world
that includes simplifications of the initially complex real-world situation (for a detailed
description and examples, see Krawitz et al., 2022). After the construction of the real
model, this model can be transferred into a mathematical model, mathematical procedures
can be applied, and the results can be interpreted and validated with respect to the real-
world situation.

Each step in the modelling process is a potential barrier, and previous studies have
shown that significant difficulties arise even when conducting premathematizing activi-
ties (Krawitz et al., 2022; Leiss et al., 2010). Students often carry out premathematizing
activities superficially by using keyword strategies with the goal of applying mathematical
procedures recently taught in class (Krawitz, 2020; Verschaffel et al., 2000). If a student is
not able to master these activities, they will get stuck at the beginning of the problem-solv-
ing process, will work with inadequate models, and will not be able to solve the problem.
Therefore, research is necessary to find out which instructions are successful in helping
students cope with the demands of modelling, including instructions that focus on pre-
mathematizing activities. Instructions in modelling include comprehensive teaching inter-
ventions and brief instructions, such as providing prompts (for an overview see Cevikbas,
2022). Here, we specifically focused on the latter. Studies examining the effects of prompts
show mixed results (Krawitz et al., 2022; Schukajlow et al., 2023b; Wijaya, 2017), sug-
gesting that prompts tailored to the specific problem at hand positively influence solution
performance, while general prompts tend to be less beneficial. However, specific prompts
may only aid in solving the problem at hand and may contribute less to learning modelling
compared to more general prompts that can be applied across various problems. There-
fore, further research is needed to identify how to balance the specificity and the generality
of the prompts and develop prompts that assist students in solving modelling problems.
Prompting students to pose their own problems for given real-world situations could be
one such general prompt because it might help students develop a deeper understanding of
the real-world situation, thus leading to an overall improvement in modelling performance.

1.2 Modelling-related problem posing

Problem posing is considered to be a powerful teaching approach for enhancing the
learning of mathematics (Cai & Leikin, 2020; Liljedahl & Cai, 2021). The number of
studies focusing on problem posing has increased in recent years, but the number of
studies, particularly intervention studies, has remained low in comparison with those on
problem solving (Lee, 2020). According to Silver (1994), problem posing is defined as
both the generation of new problems and the reformulation of given problems before,
during, or after the problem-solving process. This definition subsumes two different
cognitive activities under the term problem posing (generation and reformulation). Here,
we focus on the generation of problems. The generation of problems can be stimulated
by various problem posing tasks that can be categorized in different ways (Baumanns
& Rott, 2021; Stoyanova & Ellerton, 1996). One possibility is to consider a problem-
posing task as consisting of two elements: a problem situation and a problem-posing
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prompt (Cai & Hwang, 2023). The problem situation provides context and data and can
be intra-mathematical (e.g., geometrical figures, sequences, equations) or connected to
the real world (e.g., descriptions of real-world situations, photographs, artefacts). The
problem-posing prompt tells learners how to work with the problem situation. Similar
to the given situation, the problem-posing prompt can refer to posing either intra-math-
ematical problems or real-world problems. Hence, four different forms of problem-pos-
ing tasks can be distinguished by combining intra-mathematical and real-word problem
situations and problem-posing prompts (see Table 1).

In this article, we focus on the fourth type of problem-posing tasks called modelling-
related problem-posing. In this type of task, the problem situation and the problem-pos-
ing prompt are both connected to the real world. The description of the Salt Mountain
real-world situation presented in Fig. 1 serves as an example of a problem situation with
a connection to the real world. Along with a prompt asking students to pose problems,
this problem situation is a problem-posing task that can be categorized as a modelling-
related problem-posing task. We labelled this task as a problem-posing task because
students can pose modelling problems using information from the real-world situation
(i.e., they can develop an authentic and open real-world problem; see Krawitz et al.,
2024).

Examples of possible questions that can be posed for this problem situation are as
follows: How many trips does the truck have to make to transport the salt mountain
away? How long will it take to transport the salt mountain away? What is the height of
the salt mountain?

Table 1 Types of problem-posing tasks

Problem-posing prompt

Intra-mathematical Connected to real world

(1) Intra-mathematical problem posing (2) Application-related problem posing

Example (e.g., Liu et al., 2020): Example (e.g., Tichd & HoSpesov4,
= o 2013):
= Situation:
g . Situation:
g 3 5
g 7 9 11 l, l
o B 15 17 19 2 4
=] 21 23 25 27 29
s = Prompt: Pose a word problem that
}E Prompt: Pose a mathematical problem  refers to the fractions.
= that refers to the number pyramid.
€
% (3) Mathematizing problem posing (4) Modelling-related problem posing
(o]
a Example (e.g., Christou et al., 2005): Example:
Situation: Situation:

Alex has 180 pencils, while Chris has 25 Problem situation presented in Figure 1

pencils more than Alex. .
Prompt: Pose a problem on the basis of

Prompt: Write a question for the story this real-world situation.
so that the answer to the problem is
385.

Connected to real world
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Salt Mountain

In the Middle Ages, salt was obtained from the evaporation of sea water.
Nowadays, it is mainly obtained through mining. The salt (1.2 t per m?) is
piled up into high salt mountains by means of 1.2 m wide conveyor belts.
Later, it is transported away by trucks.

In the figure, you see a huge salt mountain. The length of its edge is ¢ =20 m,
and its diameter is d = 30 m. This salt mountain weighs about 3,740 tons.

The technical data for one of the trucks that carry away the salt are:

Truck loading platform: 501mx23mx 1.8 m
Power: 125 kw (175 HP)
Cubic capacity: 4249 cm®

Maximum load capacity: 26.8t

Fig. 1 The Salt Mountain problem situation (adapted from Schukajlow & Krug, 2014)

1.3 Effect of problem posing on modelling

To pose a problem for a real-world situation, learners need to understand and explore
the situation and simplify and structure the given information (Hartmann et al., 2023).
These activities are crucial for successfully solving modelling problems. Prompting stu-
dents to pose their own problems can therefore stimulate students’ engagement in model-
ling activities in a more comprehensive manner, thereby fostering their overall modelling
performance.

Indications of the positive effect of problem posing on modelling have come from
problem-solving research, where theoretical models (Baumanns & Rott, 2022; Cruz, 2006)
aimed at describing the processes involved in problem posing have emphasized the close
relationship between problem posing and problem solving. Findings from empirical studies
have further confirmed the positive relationship between these constructs (Silver & Cai,
1996; Xie & Masingila, 2017) and demonstrated that problem posing in long-term inter-
ventions can improve problem-solving performance (Chen et al., 2015; Rudnitsky et al.,
1995). For word problem solving, Rudnitsky et al. (1995) reported larger gains in the prob-
lem solving of primary school students who participated in a problem-posing intervention
compared with their peers in a problem-solving intervention. However, the results of these
studies cannot be directly transferred to the current approach because these studies focused
on word problem solving and not on modelling and conducted problem-posing teaching
interventions that lasted for longer periods of time (e.g., 18 days in the study by Rudnit-
sky et al. (1995), and 23 weeks with 90 min per week in the study by Chen et al. (2015)).
Short-term interventions might be promising, as they can be easily implemented in teach-
ing practice, and they can be scaled up by repeated use in the classroom. To the best of
our knowledge, the effects of a short-term intervention (e.g., providing problem-posing
prompts) have yet to be analyzed.

1.4 Self-efficacy and task values in mathematical modelling
There is a broad consensus that it is important to support students’ motivation. Modern

expectancy-value theories, such as the recent situative expectancy-value theory (Eccles
& Wigfield, 2020), highlight the importance of learners’ expectancies for success and
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the subjective task values they attribute to academic tasks for their academic motiva-
tion, performance, and educational choices. Consequently, interventions aimed at foster-
ing students’ motivation should target both their expectancies for success and their task
values. Expectancies for success are “individuals’ beliefs about how well they will do on
an upcoming task” (Eccles & Wigfield, 2020, p. 3). This construct is closely related to
performance-related beliefs in other motivation theories, particularly the construct of self-
efficacy in Bandura’s (1997) social-cognitive theory (see Wigfield & Eccles, 2000, for a
comparison). Self-efficacy is defined as “beliefs in one’s capabilities to organize and exe-
cute the courses of action required to produce given attainments” (Bandura, 1997, p. 3).

Task values refer to the question, “Do I want to do this activity and why?” (Eccles et al.,
1998, p. 1028). Eccles et al. (1983) identified four types of values that refer to the various
reasons why a particular task can be perceived as appealing or not: the importance of doing
well (attainment value), the joy that comes from engaging in the task (intrinsic value), the
importance of a task for a future goal (utility value), and the negative aspects of engaging a
task (perceived cost).

Several factors contribute to the development of self-efficacy and task values. One of the
most important sources of self-efficacy is mastery experience, the experience of success
in completing challenging tasks or overcoming difficulties (Butz & Usher, 2015; Usher &
Pajares, 2009). In addition, goals—even if they are short-term—are centrally important
for students’ outcome expectancies and task values (Eccles & Wigfield, 2020; Wigfield &
Cambria, 2010). Having personal learning goals (e.g., to develop a career plan, succeed in
a course, or master a task) are hypothesized to predict self-efficacy and task values, which
in turn influence performance-related behaviors.

In previous studies, students and also preservice teachers were found to report similar
(Schukajlow et al., 2012) or even lower (Boswald & Schukajlow, 2022; Krawitz & Schu-
kajlow, 2018) self-efficacy and task values for modelling problems compared with intra-
mathematical problems. These findings contradict theoretical assumptions that solving
modelling problems enhances motivation (Blum & Niss, 1991; Kaiser & Sriraman, 2006).
One possible explanation for these unexpected findings is the use of simple problems in
these studies, which can be solved in regular lessons by students at all achievement levels.
The results might be different if both modelling and mathematical problems were more
complex or if they were conducted with high-achieving students. Another possible expla-
nation is that students may have lacked experience in modelling and thus did not have
enough opportunities to build mastery experience. In addition, they may have perceived
low self-efficacy and task values because the problems did not relate to their personal
goals. Interventions aimed at enhancing self-efficacy and task values in modelling should
address these issues. We propose that prompting students to pose their own problems is an
intervention that has the potential to serve this purpose.

1.5 Effect of problem posing on self-efficacy and task values

Prompting students to pose their own problems mig.ht enhance self-efficacy and task val-
ues for two reasons. First, while posing problems, students engage in problem solving and
modelling activities (Baumanns & Rott, 2022; Hartmann et al., 2023), which can lead to
the development of mastery experience and can therefore enhance self-efficacy. Second,
problem posing allows students to generate problems that are aligned with their abilities,
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prior knowledge and interests (Bonotto & Santo, 2015; Silver, 1994). For example, stu-
dents might decide to pose the problem “What is the height of the salt mountain?”” when
they feel able to calculate the height of the cone, have knowledge of the Pythagorean the-
orem, or are interested in the height of the salt mountain. In contrast, students pose the
problem “How long will it take to transport the salt mountain away?” when they feel able
to calculate the volume of the cone and each transport, know how to calculate the volume,
or are interested in the overall time needed for transporting the salt mountain. Because of
the possibility of choices in the process of problem posing, the posed problem aligns more
strongly with personal goals, which, in turn, can positively influence self-efficacy and task
values. Indeed, prior research indicates positive effects of choices on motivation. Students
who were offered choices in a mathematical computer game reported higher competence in
playing the game (Cordova & Lepper, 1996).

1.5.1 Self-efficacy

Few studies have addressed the question of whether interventions with a focus on prob-
lem posing would positively affect self-efficacy (Akay & Boz, 2010; Chen et al., 2015;
Kaya et al., 2012). In Akay and Boz’s (2010) study, preservice teachers who partici-
pated in a problem-posing intervention embedded in an analysis course at a university
reported higher self-efficacy in mathematics than their peers in a traditional course.
Chen et al. (2015) carried out a problem-posing training program with a class of fifth-
graders. Using a quasi-experimental design, they showed that problem posing had a
positive effect on students’ problem-posing- and problem-solving-related beliefs—
including their self-efficacy. Consequently, a positive effect of problem posing on self-
efficacy can be expected.

1.5.2 Task values

Less research has focused on task values in the context of problem posing. Indications for
benefits of problem posing on task values come from research on enjoyment and interest
(Headrick et al., 2020; Voica et al., 2020), which are closely related to students’ task val-
ues (Eccles et al., 1983). Spontaneous problem posing was found to be positively related
to students’ affect, including enjoyment and interest (Headrick et al., 2020). In addition,
Voica et al. (2020) found that problem-posing activities conducted by preservice teach-
ers improved their enjoyment, sense of autonomy, and control more than problem-solving
activities did. Based on these studies, we expect a positive effect of problem posing on task
values.

1.6 Effects of self-efficacy and task values on modelling and self-efficacy and task
values as intervening variables

Previous studies have widely confirmed the positive relationship between self-efficacy and
performance-related measures, such as test performance, final exams, or school grades
(Pajares & Miller, 1994; Talsma et al., 2018; Zhu & Leung, 2011). In modelling research,
self-efficacy has also been found to be positively related to performance. Specifically for
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modelling, self-efficacy was found to predict modelling performance (f=.17) (Holenstein
et al., 2022).

A positive relationship between task values and final exams in mathematics was also
confirmed (Meyer et al., 2019). However, the results of this study indicate that, in compari-
son with self-efficacy, task values have less of an impact on performance-related measures,
and the effect of task values vanishes when both predictors are included in a regression
model. These findings are in line with theoretical assumptions that task values have more
influence on academic choices (e.g., course enrollment) than on performance (Schukajlow
et al., 2022; Wigfield & Cambria, 2010). Specifically, for modelling, to the best of our
knowledge, no studies have investigated the relationship between task values and model-
ling performance.

As we expected effects of problem posing on self-efficacy and task values (see above),
and we expected self-efficacy and task values to be positive related to modelling perfor-
mance, we also expected that using problem posing to enhance self-efficacy and task val-
ues would lead to improved modelling performance.

2 Research questions and hypotheses

In this study, we aimed to investigate the effects of a problem-posing intervention on self-
efficacy, task values, and modelling performance. For this purpose, we compared students
in a problem-posing and problem-solving condition (PP&PS) with students in problem-
solving-only conditions (PS1 and PS2). Our aims were to investigate the impact of prompt-
ing students to pose their own problems on their modelling performance and on their
self-efficacy and task values as well as to determine whether self-efficacy and task values
would mediate the effect on modelling performance to uncover the relationships between
problem posing, self-efficacy, task values, and modelling performance. To address these
aims, we hypothesized the path analytic mediation model presented in Fig. 2 on the basis
of the theoretical considerations and empirical findings on problem posing, modelling, and
expectancy-value theory Fig. 2.
Thus, we had the following research questions and hypotheses:

RQ1: Does prompting students to pose their own problems affect (a) modelling perfor-
mance, (b) self-efficacy, and (c) task values?

Hypothesis 1: Students in the PP&PS condition will (a) outperform, (b) report higher
self-efficacy, and (c) report higher task values than students in the problem-solving con-
ditions.

RQ2: Does prompting students to pose problems affect modelling performance via (a)
self-efficacy and (b) task values?

Hypothesis 2: The positive effect of prompting students to pose their own problems on
modelling performance will be transmitted by (a) self-efficacy and (b) task values.
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PP&PS vs. PS1 Self-efficacy

Modelling performance

\.
/

PP&PS vs. PS2 Task values

Fig.2 Hypothesized path model. PP&PS, problem-posing and problem-solving condition; PS1, problem-
solving condition 1; PS2, problem-solving condition 2

3 Method
3.1 Participants

The sample involved 210 ninth- and tenth-graders (PP&PS=127, PS1=41, PS2=42;
43.8% female adolescents; mean age M=15.3 years, SD=0.69) from three German
schools including two middle-track schools (German Realschule and Gesamtschule; 66.4%
of students) and one high-track school (German Gymnasium; 33.6% of students).

3.2 Design

Within each class, students were randomly assigned to one experimental (PP&PS) and two
control conditions (PS1/PS2). Students in the PP&PS condition received a test with five
written descriptions of real-world situations. The descriptions were adapted from model-
ling problems used in prior studies (e.g., Krawitz & Schukajlow, 2018). An example of
one of the situations is depicted in Fig. 1. The students were requested to pose problems on
the basis of the real-world situations and to subsequently solve their self-generated prob-
lems. After posing a problem, they answered a questionnaire on motivation and were asked
to solve the problem. The request was embedded in the test, and the formulation was as
follows:

In this booklet, you will find a number of different situations from the real world.
Unlike most of the tasks you are familiar with, there is no mathematical problem for
you to solve for these situations because today you will develop the problem yourself.
First, read the description of the situation. Then try to pose a mathematical problem
that is based on the given situation and can be solved by using information from
these situations and write this problem down. Then you should solve your self-gener-
ated problem.

Students in the PS1 and PS2 conditions received test booklets with the same real-
world situations as those in the PP&PS condition, but with given problems. Then they
were asked to answer the questionnaire on motivation and subsequently solve the prob-
lems. The given problems were purposefully selected to ensure their equivalence to
the self-developed problems. Problems were considered equivalent if they asked for
the same quantity. For example, in the Salt Mountain problem situation, “What is the
height of the salt mountain?” and “How high does the salt pile up?” were considered
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equivalent, whereas “How much salt does the salt mountain consist of?” was consid-
ered different. By using two control conditions (PS1 and PS2), we ensured that more
than 50% of the self-developed problems in the experimental condition were equiva-
lent to problems in the control conditions. If we had taken one control group, the num-
ber of equivalent problems in the PP&PS condition and the control condition would
have decreased to about 34%. As a result, the students’ modelling performance in the
PP&PS condition and the control condition would have been much less comparable.
The problems presented in the PS1 and PS2 conditions were determined in a prior prob-
lem-posing study in which ninth- and tenth-graders received the same five real-world
situations and were asked to pose problems that referred to these situations (Hartmann
et al., 2021). For the present study, we took the two most frequently self-generated
problems for each situation and used them in the PS1 and PS2 test booklets. For the Salt
Mountain problem situation (see Fig. 1), the two most frequently generated problems
were “How many trips does the truck have to make to transport the salt mountain?”
and “What is the height of the salt mountain?” In addition, we coded the self-generated
problems from the PP&PS group with respect to their fit to the given problems in the
PS groups. A self-generated problem in the PP&PS group was coded 1 when it was
equivalent to the problem given in the PS1 group, 2 when it was equivalent to the prob-
lem in the PS2 group, and 0 when it was different from both (Interrater reliability > .80).
More than half (57.5%) of the self-generated problems in the PP&PS group were equiv-
alent to problems that were included in the tests given to the PS groups (33.52% PS1
and 23.98% PS2). Even if this is a large amount, a noticeable number of self-generated
problems differed from the problems given to both control groups. Hence, we decided
to conduct an additional analysis in which we included only solutions to problems that
were equivalent to the PS groups’ problems. The results were very similar to the ones
from our main analysis, and we therefore report only the findings from the main analy-
sis here. Results from the additional analysis can be found in the 5.4.

3.3 Measures
3.3.1 Modelling performance
To measure modelling performance, students’ solutions to each of the five problems were

scored. For this purpose, we analyzed whether the solution was based on a correct real-
world model of the situation, based on an adequate mathematical model, included correct

eyl oty WEao e
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Fig. 3 Student solutions to the Salt Mountain problem situation
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mathematical results, and comprised an adequate interpretation of results with respect to the
real-world situation. One point was given for each property that was successfully mastered.
Hence, students could achieve a maximum of 4 points for a solution. The interrater reliability
(Cohen’s k >.65) and the internal consistency (Cronbach’s «=.81) were satisfactory. Figure 3
presents two solutions to the problem “What is the height of the salt mountain?”. The left
solution (scored 3 points) features a correct real-world model (assessed here by the draw-
ing with accurately assigned measures), an appropriate mathematical model (setting up the
equation using the Pythagorean theorem), and correct mathematical results. However, there
is no visible interpretation of the results. The right solution (scored 1 point) features a correct
real-world model but no mathematical model, no mathematical results and no interpretation.

3.3.2 Self-efficacy and task values in solving modelling problems

We used questionnaires to measure students’ self-efficacy and task values. The self-efficacy
and task values scales were adapted from previous studies (Krawitz & Schukajlow, 2018;
Schukajlow et al., 2012). Before students solved each problem, they were asked to indi-
cate on a 5-point Likert scale (1 =not at all true, 5 =completely true) the extents to which
they agreed with the statements “I am confident I can solve my [this] problem” (self-effi-
cacy; [PS1 and PS2 version in brackets]) and “I think it is important to be able to solve my
[this] problem” (task values). In the PP&PS group, students ranked their self-efficacy and
task values regarding their self-developed problems, and in the PS1 and PS2 groups, they
ranked their self-efficacy and task values regarding the problems selected by the research
team. Self-efficacy and value in solving the problems were aggregated for the five prob-
lems, leading to a scale on self-efficacy consisting of five items and to a scale on task val-
ues consisting of five items. The scale reliabilities (Cronbach’s o) were .88 for self-efficacy
and .91 for task values.

3.3.3 Complexity of problems

We included the complexity of the problems in the path model as a control variable, as the
complexity of the problems is related to performance and self-efficacy (Hoffman, 2010).
To assess the complexity of the problems, the self-generated and given problems were
scored from 0 to 3 (Krawitz et al., 2024). The codes referred to problems that could be
solved by taking information directly out of the text (coded 0), by applying a simple math-
ematical model (coded 1; e.g., only basic arithmetic operations required) or by applying
a complex mathematical model (coded 2, e.g., models that were based on more advanced
mathematical concepts, e.g., the Pythagorean Theorem or quadratic functions). Problems
that required mathematics higher than the ninth-grade level were coded 3. The interrater
reliability (x ranged from .564 to .907; M =0.810) indicated at least moderate agreement.
The internal consistency (a=.61) was rather low, indicating that the complexity of prob-
lems depended on the specific real-world situation and varied considerably within students.

3.4 Comparability of groups

To get an indication of the comparability of the three groups, we assessed students’ inter-
est in mathematics by using a well-evaluated questionnaire with three items (sample item:
“I am interested in mathematics”; adapted from Frenzel et al., 2012). The scale’s reliabil-
ity was satisfactory (= .80). The three experimental conditions did not differ in interest
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in mathematics (Mppgps=2.23, SDppgps=1.02; Mpg;=2.12, SDpg;=0.82; Mpg,=2.11,
SDps,=0.97, F(2, 206)=0.317, p=.729) and in their grades in mathematics taken from
their last school reports (Mppgps=2.78, SDppeps=0.99; Mpg;=2.64, SDpg;=0.96;
Mpg;=2.92, SDps,=0.90, F(2, 204)=0.827, p=.439). These results indicate that the
groups formed by randomization were comparable.

3.5 Dummy coding of the treatment variables

In intervention studies, dummy coding is often used to represent categorical variables, such
as treatment groups or conditions, in statistical analyses. The purpose of dummy coding is
to convert categorical variables into numerical variables, which can be used in statistical
models. For the dummy variable PP&PS versus PS1, students from the PP&PS and PS2
conditions were coded 0, whereas students from the PS1 condition were coded 1. Simi-
larly, for the PP&PS versus PS2 variable, students from the PP&PS and PS1 conditions
were coded 0, and students from the PS2 condition were coded 1. However, to simplify the
interpretation of results, the results are reported in reverse, that is, the positive regression
values indicate superior performance of the PP&PS condition compared with PS1 or PS2,
respectively.

3.6 Data analysis

Three path models were analyzed with Mplus 8.9. The first path model (see Fig. 2) was
based on the complete data set. The reported p values were one-tailed because our expec-
tations were directional. The fit indices for the path models are reported in Table 2 and
indicated an acceptable model fit (SRMR <.08; RMSEA <.06; TLI>.95; CFI> .95; Hu &
Bentler, 1999).

3.7 Missing values

In this study, the percentage of missing values was 13.4% for modelling performance, 2.8%
for self-efficacy, and 2.8% for task values. Missing values in the data were estimated with
the maximum likelihood algorithm (FIML) implemented in Mplus. This algorithm uses
all the information from the covariance matrices to estimate the missing values. Seven

Table 2 Fit statistic for the path models

X2 af p SRMR RMSEA CFI TLI R’
Model 1 1143 1 285 018 026 998 980  .173
Model 2 0191 1 .662 010 .000 1.000  1.000 .125
(Same problems: PP&PS vs. PS1)
Model 3 0047 1 .828  .005 .000 1.000  1.000 .201

(Same problems: PP&PS vs. PS2)

SRMR standardized root mean square residual, RMSEA root mean square error of approximation, CFI com-
parative fit index, TLI Tucker-Lewis Index, R? variance explained in modelling performance
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students were excluded from the analysis because they had missing values on both self-
efficacy and task values, so the data could not be estimated for them.

3.8 Descriptive statistics

Table 3 presents descriptive statistics. All correlations were in the expected direction. For
example, modelling performance and self-efficacy were positively related.

4 Results

The estimates that were calculated to test the hypothesized path model are illustrated in
Fig. 4.

Table 3 Means, standard deviations, and correlations for the study variables

PP&PS PS1 PS2 Correlations
Variable M SD M SD M SD 1 2 3 4 5 6
1. Modelling 208 1.01 195 1.05 1.73 132 1 397 157 -7 .00 .10
2. Self-efficacy ~ 3.56 0.90 3.05 1.02 2.86 0.74 1 417 =207 167 247
3. Task values 343 1.04 3.15 1.20 3.34 0.95 1 07 .10 01
4. Complexity 1.65 036 161 0.00 2.00 0.00 1 16" 44™
5. PP&PS vs. PS1 1 24"
6. PP&PS vs. PS2 1

PP&PS vs. PS1 and PP&PS vs. PS2 are dummy coded, see details in Sect. 3.2
*p <.05. ¥¥p <.01, two-tailed

0.163
e
i .
H
PP&PS vs. PS1 0633™ If-eff :
vs. Self-effi
elf-efficacy 0_339" i
Modelling performance

[ 327 % B

051 4 0-09}”__ »
0.111 'y
PP&PSvs. PS2  [Femmmmmmmmmmmmmmmmmmmeee > Task values '
H
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| 0.111 |

Fig.4 Path model for testing the effects of problem posing on self-efficacy, task values, and modelling
performance. Significant paths (p <.05; one-tailed) are presented as solid lines and nonsignificant paths as
broken lines. The reported estimates of the effects of PP&PS versus PS1 and PP&PS versus PS2 (binary
covariates) are standardized with respect to the dependent variable (STDY). Estimates of the effects of self-
efficacy and task values (continuous covariates) are standardized with respect to both the covariate and the
dependent variable (STDYX). STDY standardized coefficients can be interpreted as the predicted change
in the (residualized) criterion measures (in standard deviation units) when the covariate changes by 1 unit,
here from O (PS conditions) to 1 (PP&PS condition). For example, if the value for the treatment condition
changes from 0 to 1, self-efficacy increases by f - SD,,=0.633 - SD,,. STDYX is interpreted as the pre-
dicted change in standard deviation units when the covariate changes by 1 SD
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4.1 Effects of problem posing on modelling performance, self-efficacy, and task
values

We hypothesized that students in the PP&PS group, who were prompted to pose their
own problems, would show better modelling performance than students in the PS1 or PS2
groups who solved given problems (Hypothesis 1a). This hypothesis was not supported.
Students from the PP&PS group did not outperform students from the PS1 group (§=.036,
p=.310) or the PS2 group (f=.034, p=.366) in their modelling performance.

For self-efficacy, our hypothesis that students from the PP&PS group would report
higher self-efficacy (Hypothesis 1b) was supported. The problem-posing instructions
had a strong positive effect on students’ self-efficacy compared with the PS1 group
(B=.633, p<.001) and the PS2 group (PP&PS vs. PS2: §=.578, p <.001; see Fig. 4).

For task values, our hypothesis that students from the PP&PS group would report higher
task values (Hypothesis 1c) was partially supported. Prompting students to pose problems
had a positive effect compared with the PS1 condition (B=.311, p=.042) but no effect
compared with the PS2 condition (B=.111, p=.267).

4.2 Indirect effects of problem posing on modelling performance via self-efficacy
and task values

We hypothesized that prompting students to pose their own problems would have a posi-
tive indirect effect on their modelling performance via an increased self-efficacy (Hypoth-
esis 2a). This hypothesis was supported (PP&PS vs. PS1: f=.253, p=.002; PP&PS vs.
PS2: p=.231, p=.004), meaning that students who were asked to pose their own problems
reported higher self-efficacy in solving the problems than students who were given prob-
lems to solve, and the students with higher self-efficacy in turn showed better modelling
performance. Thus, self-efficacy was found to be an intervening variable between problem-
posing instructions and performance.

However, contrary to our expectations (Hypothesis 2b), no indirect effect was
found for problem posing on modelling performance via task values (PP&PS vs. PS1:
f=.000, p=.500; PP&PS vs. PS2: f=.000, p=.500). The reason for this finding is
that task values and modelling performance were revealed to be unrelated to each other
(B=.001, p=.500).

5 Discussion

Prompting students to pose their own problems has been acknowledged as a powerful
tool for enhancing motivation and performance (Cai & Leikin, 2020). In response to
the call for more research investigating the complex interplay between problem posing,
motivation, and performance and to address the lack of intervention studies (Lee, 2020),
our study aimed to investigate the impact of problem-posing instructions on performance
and motivation, as well as their interrelationships, in the context of modelling-related
problem posing. Our study was based on a randomized control trial comparing one prob-
lem-posing and problem-solving condition with two problem-solving-only conditions.
The problems in the problem-solving conditions were derived from the analysis of solu-
tions developed in a pilot study (Hartmann et al., 2021). Therefore, our study stands out
from prior research on problem-posing instructions, where problem-solving tests with
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problems that differed from learners’ self-generated problems were used (Chen et al.,
2015; Rudnitsky et al., 1995).

5.1 Empirical contributions

In our study, we found that prompting students to pose problems based on given situ-
ational descriptions did not improve their modelling performance. This research adds
to prior research on the effects of prompts on modelling performance (Krawitz et al.,
2022; Schukajlow et al., 2023b; Wijaya, 2017). Interestingly, our findings diverge from
previous studies which demonstrated a positive effect of problem posing on problem-
solving performance (Chen et al., 2015; Rudnitsky et al., 1995). One potential reason
for this difference could be the longer duration of the interventions in those studies.
Apparently, simply prompting students to pose their own problems is not sufficient for
increasing performance. Future studies are needed to investigate whether teaching prob-
lem posing and integrating problem posing into mathematics lessons can have a positive
impact on modelling. Another difference between our study and previous research is
our focus on modelling-related problem posing. The role of different forms of problem
posing and, specifically, the influence of prompts used in problem-posing tasks appear
to be important factors that need further examination (Cai & Hwang, 2023). Another
important research direction involves analyzing various problem-posing prompts, such
as those inviting students to include additional information in their problems or indicat-
ing the types of problems they should develop.

A major finding of our study is that prompting students to pose their own problems
increased students’ self-efficacy. Students who posed their own problems reported
higher self-efficacy in solving the problems than their peers who worked on given
problems that referred to the same real-world situations. This finding is in line with
previous studies (Akay & Boz, 2010; Chen et al., 2015), which implemented prob-
lem-posing interventions in mathematics classrooms and investigated their impact on
problem-solving performance. Our study makes a new empirical contribution by focus-
ing on modelling-related problem posing and demonstrating that prompting students to
pose their own problems already enhances their self-efficacy.

Further, we examined the impact of problem posing on students’ task values for
modelling. The results were not entirely consistent, revealing advantages in problem
posing compared with one problem-solving group but not the other. This result adds
to prior studies that analyzed the effects of various interventions, such as increasing
the relevance of the content by writing essays (Hulleman et al., 2010; Kosovich et al.,
2019) or enhancing the value of modelling through an independence-oriented teaching
method in the classroom (Durandt et al., 2022). Particularly for problem-posing inter-
ventions, prior research showed benefits for related affective constructs, such as enjoy-
ment and interest (Headrick et al., 2020; Voica et al., 2020). Adding to this research,
our results indicate that modelling-related problem posing could be beneficial for stu-
dents’ task values. However, future studies need to examine the potential effects of
individual factors that might have been responsible for why problem posing was ben-
eficial only for some, but not all, students’ task values.

Another significant finding of our study is that problem posing had a positive effect
on modelling performance via self-efficacy but not via task values. This finding means
that prompting students to pose problems improved their self-efficacy in problem solv-
ing, which subsequently predicted their performance in solving modelling problems.
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However, students’ task values did not act as an intervening variable between problem-
posing and modelling performance because of the missing relationship between task
values and modelling performance. For the weak or missing relationships between task
values and performance in modelling, see Schukajlow et al. (2022), and more gener-
ally for values and performance, see Meyer et al. (2019). These findings are important,
as they unveil one mechanism by which problem posing enhances performance. To
the best of our knowledge, no prior study has examined these specific mechanisms in
problem-posing research.

5.2 Theoretical contributions

In our research, we investigated problem-posing instructions by exploring their potential
benefits for a cognitive outcome (modelling performance in our study) and motivational
outcomes (self-efficacy and task values in our study). This investigation was based on
process models of problem posing with respect to real-world situations, as such mod-
els hypothesize that important modelling activities occur during the problem-posing
process (Hartmann et al., 2023). Additionally, we drew upon expectancy-value theory,
which emphasizes the importance of personal goals for self-efficacy and task values and,
in addition, posits that self-efficacy and task values are central factors that have a sub-
stantial impact on students’ academic performance (Eccles & Wigfield, 2020). On the
basis of these theoretical foundations, we hypothesized, first, that prompting students to
pose their own problems would have a positive impact on modelling performance, self-
efficacy, and task values (Hypothesis 1) and, second, that the positive effect of prompt-
ing students to pose problems on performance would be mediated by self-efficacy and
task values (Hypothesis 2).

The results of our study partially supported Hypothesis 1, as problem posing was
found to have positive effects on self-efficacy and, to some extent, on task values. These
findings provide support for the importance of goal-setting, particularly in relation to
self-efficacy. However, the results concerning task values were mixed. A possible expla-
nation for these unexpected findings is that, in our study, students were given descrip-
tions of problem-posing situations. Because of the given problem-posing situations,
the choices of potential problems that might align with students’ individual goals were
limited. In more open forms of problem posing (e.g., Bonotto, 2013), where students
have more options for shaping the problem, they might have more opportunities to set
their own goals or make choices during the problem-posing process to create problems
that are closer to their personal goals, and the effect on task values might be stronger.
These considerations are supported by research on the effects of students’ choices and
by research on the effects of teaching students how to solve open modelling problems on
motivational outcomes and values of mathematics (Cordova & Lepper, 1996). However,
the quality of self-generated problems was found to be higher when more specific prob-
lem-posing prompts were used (e.g., posing an easy, medium, and difficult problem)
(Cai et al., 2023). Hence, exploring the benefits and pitfalls of openness in problem-
posing tasks on motivation and performance appears to be an important direction for
future research.

However, contrary to our expectations, problem posing did not positively affect model-
ling performance. One explanation might be that even though problem posing enhanced
important modelling activities (e.g., understanding, structuring, and idealizing the given
information), the learners’ modelling performance did not improve because they may have
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struggled with calculations or interpretation of results, activities that were addressed less
by problem posing (Hartmann et al., 2023). In addition, problem posing has some costs,
as posing a challenging but solvable problem requires effort. However, the results indicate
that, despite the potential additional cost, posing problems did not lead to poorer modelling
performance. To better understand the mechanisms of how problem posing improves per-
formance, future studies should examine the cognitive and motivational processes induced
by problem posing, including assessing the psychological cost of problem posing.

Our second hypothesis—that problem posing would have an indirect positive effect
on performance—was supported for self-efficacy. As expected, problem posing enhanced
self-efficacy, which in turn improved modelling performance, as proposed in theories on
problem posing and in expectancy-value theories. However, for task values, no relation-
ship between task values and modelling performance was found, and thus, there was also
no indirect effect of problem posing on modelling performance via task values. One expla-
nation for this finding is that task values for solving problems are of limited importance
for performance in school settings but of high importance for educational choices, such
as choosing to study mathematics at university after high school graduation (Meyer et al.,
2019; Schukajlow et al., 2022; Wigfield & Cambria, 2010). In addition to cognitive pro-
cesses (e.g., understanding and exploring the situation and simplifying and structuring the
given information) (Hartmann et al., 2023), the enhancement of self-efficacy was found
to be an important intervening factor between problem posing and students’ performance.
Therefore, one theoretical contribution of our findings is the recognition of the importance
of incorporating motivational components into process models that aim to describe the
integrated process of problem posing and solving, which is not present in models from the
literature (Baumanns & Rott, 2022; Cruz, 2006; Hartmann et al., 2023).

5.3 Practical contributions

Along with previous research (e.g., Akay & Boz, 2010; Chen et al., 2015; Headrick et al.,
2020), our findings suggest that prompting students to pose their own problems has a posi-
tive impact on their motivation. Consequently, we view problem posing as a potentially val-
uable teaching method that is aligned with other teaching methods in modelling (Durandt
et al., 2022; Parhizgar & Liljedahl, 2019). In particular, teachers should consider incorpo-
rating problem posing when their aim is to foster students’ motivational outcomes (e.g.,
self-efficacy). Furthermore, our finding that prompting students to pose their own problems
did not improve their modelling performance indicates that prompting alone is not suf-
ficient to trigger the cognitive processes necessary to improve performance. Hence, more
comprehensive teaching interventions, in which students learn how to pose problems, seem
to be necessary. Moreover, along with the existence of an indirect effect on performance
via self-efficacy, the absence of a positive total effect on performance suggests that prob-
lem posing may also have certain costs and is challenging for the students. The problem-
posing intervention affected modelling performance for students whose self-efficacy was
high after problem posing. Consequently, teachers need to guide students’ problem-posing
processes, and teachers might pay specific attention to enhancing students’ self-efficacy.

5.4 Strengths, limitations, and future directions

In our study, we were interested in the question of whether modelling performance is
enhanced when students pose and solve their own modelling problems. Our research is
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grounded in the cognitive perspective on mathematical modelling, which is one of several
perspectives in modelling research (Kaiser & Sriraman, 2006; Schukajlow et al., 2023a).
We carefully designed the study by identifying the most frequently self-generated problems
to real-world situations in a prior study and assigning problems to two problem-solving
groups on the basis of these problems. In addition, we conducted two analyses, one includ-
ing the solutions to all self-generated problems and another including only the solutions
to the problems that were identical to one of the control groups. However, the fact that the
PP&PS group and the two problem-solving groups did not work on the exact same prob-
lems remains a limitation of our study.

Another limitation addresses the use of specific real-world situations as problem-
posing prompts. Our findings may be influenced by the choice of real-world situations
used in our study. There are some indications from prior research in physics and from
algebraic word problems that motivation to solve a problem can be affected by the choice
of real-world situations (Bernacki & Walkington, 2018; Lepik, 1990). Further research
is needed to explore how the task variables of problem-posing tasks affect problem pos-
ing itself (Cai & Hwang, 2023). Using more open problem-posing tasks (e.g., tasks that
allow students to find their own real-world situations) may potentially yield a stronger
effect of problem posing on task values. In future studies, research should also clarify
whether the results of this study hold for more complex modelling problems and for
other types of mathematical problems, such as word problems and intramathematical
problems. Furthermore, we used an open prompt in this study and did not include in the
prompt typical characteristics of modelling problems such as openness and authentic-
ity. The variation in the formulation of prompts is another important direction of future
research on modelling-related problem-posing tasks.

6 Conclusions

This study represents an approach that connects problem posing with mathematical mod-
elling. Our findings demonstrate that prompting students to pose their own problems to
given real-world situations did not yield benefits for modelling performance. However,
problem posing had a positive impact on students’ self-efficacy in solving modelling prob-
lems and, to some extent, on their task values in modelling. Further, the positive effect of
problem posing on self-efficacy transferred into better modelling performance. Therefore,
problem posing enhances learners’ self-efficacy, which in turn improves their modelling
performance. Our study highlights the importance of motivational constructs as mediators
between problem posing and performance. It also underlines the need to further explore the
potential costs and challenges associated with problem posing, which may have decreased
the positive effect of problem posing on modelling performance.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10649-025-10385-1.

Author contribution Conceptualization and methodology: JK, SS. Material preparation and data collection:
JK, LH, SS. Analysis: JK. Writing-original draft preparation: JK. Writing-review and editing: JK, SS, LH.

Funding Open Access funding enabled and organized by Projekt DEAL.

@ Springer


https://doi.org/10.1007/s10649-025-10385-1
https://doi.org/10.1007/s10649-025-10385-1

Does problem posing affect self-efficacy, task value, and... 463

Declarations
Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Akay, H., & Boz, N. (2010). The effect of problem posing oriented analyses-II course on the attitudes
toward mathematics and mathematics self-efficacy of elementary prospective mathematics teachers.
Australian Journal of Teacher Education, 35, 59-75. https://doi.org/10.14221/ajte.2010v35n1.6

Bandura, A. (1997). Self-Efficacy: The exercise of control. Freeman.

Baumanns, L., & Rott, B. (2021). Developing a framework for characterising problem-posing activities:
a review. Research in Mathematics Education, 24(1), 28-50. https://doi.org/10.1080/14794802.2021.
1897036

Baumanns, L., & Rott, B. (2022). The process of problem posing: Development of a descriptive phase
model of problem posing. Educational Studies in Mathematics, 110, 251-269. https://doi.org/10.
1007/s10649-021-10136-y

Bernacki, M. L., & Walkington, C. (2018). The role of situational interest in personalized learning.
Journal of Educational Psychology, 110(6), 864—881. https://doi.org/10.1037/edu0000250

Blum, W., & Leiss, D. (2007). How do students and teachers deal with mathematical modeling prob-
lems? The example of Sugerloaf. In C. Haines, P. Galbraith, W. Blum, & S. Khan (Eds.), Math-
ematical modelling: Education, engineering and economics - ICTMAI2 (pp. 222-231). Horwood.

Blum, W., & Niss, M. (1991). Applied mathematical problem solving, modelling, applications, and links
to other subjects-state, trends and issues in mathematics instruction. Educational Studies in Math-
ematics, 22, 37-68. https://doi.org/10.1007/BF00302716

Bonotto, C. (2013). Artifacts as sources for problem-posing activities. Educational Studies in Mathemat-
ics, 83(1), 37-55. https://doi.org/10.1007/s10649-012-9441-7

Bonotto, C., & Santo, L. D. (2015). On the relationship between problem posing, problem solving, and
creativity in the primary school. In F. M. Singer, N. F. Ellerton, & J. Cai (Eds.), Mathematical
Problem Posing: From Research to Effective Practice (pp. 103—123). Springer New York. https://
doi.org/10.1007/978-1-4614-6258-3_5

Boswald, V., & Schukajlow, S. (2022). I value the problem, but I don’t think my students will: preservice
teachers’ judgments of task value and self-efficacy for modelling, word, and intramathematical prob-
lems. ZDM — Mathematics Education, 55, 331-344. https://doi.org/10.1007/s11858-022-01412-z

Butz, A. R., & Usher, E. L. (2015). Salient sources of early adolescents’ self-efficacy in two domains.
Contemporary Educational Psychology, 42, 49-61. https://doi.org/10.1016/j.cedpsych.2015.04.001

Cai, J., & Hwang, S. (2023). Making mathematics challenging through problem posing in the classroom. In R.
Leikin, C. Christou, A. Karp, D. Pitta-Pantazi, & R. Zazkis (Eds.), Mathematical challenges for all. Springer.

Cai, J., & Leikin, R. (2020). Affect in mathematical problem posing: Conceptualization, advances, and
future directions for research. Educational Studies in Mathematics, 105(3), 287-301. https://doi.
0rg/10.1007/s10649-020-10008-x

Cai, J., Ran, H., Hwang, S., Ma, Y., Han, J., & Muirhead, F. (2023). Impact of prompts on students’
mathematical problem posing. The Journal of Mathematical Behavior, 72, 101087. https://doi.org/
10.1016/j.jmathb.2023.101087

Cevikbas, M. (2022). Fostering mathematical modelling competencies: a systematic literature review. In
N. Buchholtz, B. Schwarz, & K. Vorholter (Eds.), Initiationen mathematikdidaktischer Forschung:
Festschrift zum 70. Geburtstag von Gabriele Kaiser (pp. 51-73). Springer Fachmedien Wiesbaden.
https://doi.org/10.1007/978-3-658-36766-4_3

Cevikbas, M., Kaiser, G., & Schukajlow, S. (2022). A systematic literature review of the current discus-
sion on mathematical modelling competencies: State-of-the-art developments in conceptualizing,

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14221/ajte.2010v35n1.6
https://doi.org/10.1080/14794802.2021.1897036
https://doi.org/10.1080/14794802.2021.1897036
https://doi.org/10.1007/s10649-021-10136-y
https://doi.org/10.1007/s10649-021-10136-y
https://doi.org/10.1037/edu0000250
https://doi.org/10.1007/BF00302716
https://doi.org/10.1007/s10649-012-9441-7
https://doi.org/10.1007/978-1-4614-6258-3_5
https://doi.org/10.1007/978-1-4614-6258-3_5
https://doi.org/10.1007/s11858-022-01412-z
https://doi.org/10.1016/j.cedpsych.2015.04.001
https://doi.org/10.1007/s10649-020-10008-x
https://doi.org/10.1007/s10649-020-10008-x
https://doi.org/10.1016/j.jmathb.2023.101087
https://doi.org/10.1016/j.jmathb.2023.101087
https://doi.org/10.1007/978-3-658-36766-4_3

464 J. Krawitz et al.

measuring, and fostering. Educational Studies in Mathematics, 109(2), 205-236. https://doi.org/10.
1007/s10649-021-10104-6

Chen, L., van Dooren, W., & Verschaffel, L. (2015). Enhancing the development of chinese fifth-grad-
ers’ problem-posing and problem-solving abilities, beliefs, and attitudes: a design experiment. In F.
M. Singer, N. F. Ellerton, & J. Cai (Eds.), Mathematical Problem Posing: From Research to Effec-
tive Practice (pp. 309-329). Springer. https://doi.org/10.1007/978-1-4614-6258-3_15

Christou, C., Mousoulides, N., Pittalis, M., Pitta-Pantazi, D., & Sriraman, B. (2005). An empirical tax-
onomy of problem posing processes. ZDM — Mathematics Education, 37(3), 149-158. https://doi.
org/10.1007/511858-005-0004-6

Cordova, D. 1., & Lepper, M. R. (1996). Intrinsic motivation and the process of learning: Beneficial
effects of contextualization, personalization, and choice. Journal of Educational Psychology, 88(4),
715-730. https://doi.org/10.1037/0022-0663.88.4.715

Cruz, M. (2006). A mathematical problem-formulating strategy. International Journal for Mathematics
Teaching and Learning, 7, 719-90.

Czocher, J. A., Melhuish, K., & Kandasamy, S. S. (2020). Building mathematics self-efficacy of STEM
undergraduates through mathematical modelling. International Journal of Mathematical Education
in Science and Technology, 51(6), 807-834. https://doi.org/10.1080/0020739X.2019.1634223

Durandt, R., Blum, W., & Lindl, A. (2022). Fostering mathematical modelling competency of first year
South African engineering students: What Influence does the teaching design have? Educational
Studies in Mathematics, 109(2), 361-381. https://doi.org/10.1007/s10649-021-10068-7

Eccles, J. S., Adler, T. F., Futterman, R., Goff, S. B., Kaczala, C. M., Meece, J. L., & Midgley, C. (1983).
Expectancies, values, and academic behaviors. In J. T. Spence (Ed.), Achievement and achievement
motivation (pp. 75-146). Freeman.

Eccles, J. S., & Wigfield, A. (2020). From expectancy-value theory to situated expectancy-value theory: A
developmental, social cognitive, and sociocultural perspective on motivation. Contemporary Educa-
tional Psychology, 61(4), 101859. https://doi.org/10.1016/j.cedpsych.2020.101859

Eccles, J. S., Wigfield, A., & Schiefele, U. (1998). Motivation to succeed. Handbook of child psychology:
Social, emotional, and personality development (5th ed., Vol. 3, pp. 1017-1095). John Wiley & Sons.

English, L. D., Fox, J. L., & Watters, J. J. (2005). Problem posing and solving with mathematical modelling.
Teaching Children Mathematics, 12(3), 156—174. https://doi.org/10.5951/TCM.12.3.0156

Frenzel, A. C., Pekrun, R., Dicke, A.-L., & Goetz, T. (2012). Beyond quantitative decline: Conceptual shifts
in adolescents’ development of interest in mathematics. Developmental Psychology, 48(4), 1069—1082.
https://doi.org/10.1037/a0026895

Galbraith, P., & Stillman, G. (2001). Assumptions and context: Pursuing their role in modelling activity. In
J. F. Matos, W. Blum, K. Houston, & S. Carreira (Eds.), Modelling and Mathematics Education (pp.
300-310). Woodhead Publishing. https://doi.org/10.1533/9780857099655.5.300

Galbraith, P., & Stillman, G. (2006). A framework for identifying student blockages during transitions in the
modelling process. ZDM — Mathematics Education, 38(2), 143—162. https://doi.org/10.1007/BF02655886

Hansen, R., & Hana, G. M. (2015). Problem posing from a modelling perspective. In F. M. Singer, N. F.
Ellerton, & J. Cai (Eds.), Mathematical Problem Posing: From Research to Effective Practice (pp.
36-46). Springer.

Hartmann, L., Krawitz, J., & Schukajlow, S. (2021). Create your own problem! Do students pose modelling
problems that are based on given descriptions of real-world situations? ZDM — Mathematics Educa-
tion, 53(4), 919-935. https://doi.org/10.1007/s11858-021-01224-7

Hartmann, L., Krawitz, J., & Schukajlow, S. (2023). Posing and solving modelling problems—Extending
the modelling process from a problem posing perspective. Journal Fiir Mathematik-Didaktik, 44, 533—
561. https://doi.org/10.1007/s13138-023-00223-3

Headrick, L., Wiezel, A., Tarr, G., Zhang, X., Cullicott, C., Middleton, J. A., & Jansen, A. (2020). Engage-
ment and affect patterns in high school mathematics classrooms that exhibit spontaneous problem pos-
ing: An exploratory framework and study. Educational Studies in Mathematics, 105, 435-456. https://
doi.org/10.1007/s10649-020-09996-7

Hoffman, B. (2010). “I think I can, but I’'m afraid to try”: The role of self-efficacy beliefs and mathematics
anxiety in mathematics problem-solving efficiency. Learning and Individual Differences, 20(3), 276—
283. https://doi.org/10.1016/j.1indif.2010.02.001

Holenstein, M., Bruckmaier, G., & Grob, A. (2022). How do self-efficacy and self-concept impact math-
ematical achievement? The case of mathematical modelling. British Journal of Educational Psychol-
ogy, 92(1), e12443. https://doi.org/10.1111/bjep.12443

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: Conventional
criteria versus new alternatives. Structural Equation Modeling: A Multidisciplinary Journal, 6(1),
1-55. https://doi.org/10.1080/10705519909540118

@ Springer


https://doi.org/10.1007/s10649-021-10104-6
https://doi.org/10.1007/s10649-021-10104-6
https://doi.org/10.1007/978-1-4614-6258-3_15
https://doi.org/10.1007/s11858-005-0004-6
https://doi.org/10.1007/s11858-005-0004-6
https://doi.org/10.1037/0022-0663.88.4.715
https://doi.org/10.1080/0020739X.2019.1634223
https://doi.org/10.1007/s10649-021-10068-7
https://doi.org/10.1016/j.cedpsych.2020.101859
https://doi.org/10.5951/TCM.12.3.0156
https://doi.org/10.1037/a0026895
https://doi.org/10.1533/9780857099655.5.300
https://doi.org/10.1007/BF02655886
https://doi.org/10.1007/s11858-021-01224-7
https://doi.org/10.1007/s13138-023-00223-3
https://doi.org/10.1007/s10649-020-09996-7
https://doi.org/10.1007/s10649-020-09996-7
https://doi.org/10.1016/j.lindif.2010.02.001
https://doi.org/10.1111/bjep.12443
https://doi.org/10.1080/10705519909540118

Does problem posing affect self-efficacy, task value, and... 465

Hulleman, C. S., Godes, O., Hendricks, B. L., & Harackiewicz, J. M. (2010). Enhancing interest and perfor-
mance with a utility value intervention. Journal of Educational Psychology, 102(4), 880-895. https://
doi.org/10.1037/a0019506

Kaiser, G., & Sriraman, B. (2006). A global survey of international perspectives on modelling in mathemat-
ics education. ZDM — Mathematics Education, 38(3), 302-310. https://doi.org/10.1007/BF02652813

Kaya, D., Kesan, C., & Giivercin, S. (2012). The role of problem posing materials in student’s self-efficacy
beliefs. International Online Journal of Primary Education, 1(2), 2.

Kilpatrick, J. (1987). Problem formulating: Where do good problems come from? In A. H. Schoenfeld (Ed.),
Cognitive Science and Mathematics Education (pp. 123—147). Lawrence Erlbaum Associates.

Kultusministerkonferenz (KMK). (2022). Bildungsstandards fiir das Fach Mathematik Erster Schu-
labschluss (ESA) und Mittlerer Schulabschluss (MSA) [Educational standards for the subject of
mathematics: first school leaving certificate (ESA) and middle school leaving certificate (MSA)].
Sekretariat der Stdndigen Konferenz der Kultusminister der Lénder in der Bundesrepublik
Deutschland.

Kosovich, J. J., Hulleman, C. S., Phelps, J., & Lee, M. (2019). Improving algebra success with a utility-
value intervention. Journal of Developmental Education, 42(2), 2-10.

Krawitz, J. (2020). Vorwissen als nétige Voraussetzung und potentieller Storfaktor beim mathematischen
Modellieren [Prior knowledge as a necessary prerequisite and potential interfering factor in math-
ematical modelling]. Springer.

Krawitz, J., Chang, Y.-P., Yang, K.-L., & Schukajlow, S. (2022). The role of reading comprehension in math-
ematical modelling: Improving the construction of a real model and interest in Germany and Taiwan.
Educational Studies in Mathematics, 109(2), 337-359. https://doi.org/10.1007/s10649-021-10058-9

Krawitz, J., Hartmann, L., & Schukajlow, S. (2024). Do task variables of self-generated problems influ-
ence interest? Authenticity, openness, complexity, and students’ interest in solving self-generated
modelling problems. The Journal of Mathematical Behavior, 73, 101129. https://doi.org/10.1016/j.
jmathb.2024.101129

Krawitz, J., & Schukajlow, S. (2018). Do students value modelling problems, and are they confident they
can solve such problems? Value and self-efficacy for modelling, word, and intra-mathematical prob-
lems. ZDM — Mathematics Education, 50(1), 143—157. https://doi.org/10.1007/s11858-017-0893-1

Lee, S.-Y. (2020). Research status of mathematical problem posing in mathematics education journals.
International Journal of Science and Mathematics Education. Advance online publication. https://
doi.org/10.1007/s10763-020-10128-z

Leiss, D., Schukajlow, S., Blum, W., Messner, R., & Pekrun, R. (2010). The role of the situation model
in mathematical modelling-Task analyses, student competencies, and teacher interventions. Journal
Fiir Mathematik-Didaktik, 31(1), 119-141. https://doi.org/10.1007/s13138-010-0006-y

Lepik, M. (1990). Algebraic word problems: Role of linguistic and strucutural variables. Educational
Studies in Mathematics, 21, 83-89.

Liljedahl, P., & Cai, J. (2021). Empirical research on problem solving and problem posing: A look
at the state of the art. ZDM — Mathematics Education, 53(4), 723-735. https://doi.org/10.1007/
s11858-021-01291-w

Liu, Q., Liu, J., Cai, J., & Zhang, Z. (2020). The relationship between domain- and task-specific
self-efficacy and mathematical problem posing: A large-scale study of eighth-grade students
in China. Educational Studies in Mathematics, 105(3), 407-431. https://doi.org/10.1007/
$10649-020-09977-w

Meyer, J., Fleckenstein, J., & Koller, O. (2019). Expectancy value interactions and academic achieve-
ment: Differential relationships with achievement measures. Contemporary Educational Psychol-
0gy, 58, 58-74. https://doi.org/10.1016/j.cedpsych.2019.01.006

National Governors Association Center for Best Practices and the Council of Chief State School Offic-
ers. (2010). Common Core state standards for mathematics.

Niss, M., & Blum, W. (2020). The learning and teaching of mathematical modelling. Taylor & Francis
Group. https://doi.org/10.4324/9781315189314

Niss, M., Blum, W., & Galbraith, P. L. (2007). Introduction. In W. Blum, P. L. Galbraith, H.-W. Henn,
& M. Niss (Eds.), Modelling and applications in mathematics education: The 14th ICMI Study (pp.
1-32). Springer.

Pajares, F., & Miller, M. D. (1994). Role of self-efficacy and self-concept beliefs in mathematical prob-
lem solving: A path analysis. Journal of Educational Psychology, 86(2), 193-203. https://doi.org/
10.1037/0022-0663.86.2.193

Parhizgar, Z., & Liljedahl, P. (2019). Teaching modelling problems and its effects on students’ engage-
ment and attitude toward mathematics. In S. A. Chamberlin & B. Sriraman (Eds.), Affect in

@ Springer


https://doi.org/10.1037/a0019506
https://doi.org/10.1037/a0019506
https://doi.org/10.1007/BF02652813
https://doi.org/10.1007/s10649-021-10058-9
https://doi.org/10.1016/j.jmathb.2024.101129
https://doi.org/10.1016/j.jmathb.2024.101129
https://doi.org/10.1007/s11858-017-0893-1
https://doi.org/10.1007/s10763-020-10128-z
https://doi.org/10.1007/s10763-020-10128-z
https://doi.org/10.1007/s13138-010-0006-y
https://doi.org/10.1007/s11858-021-01291-w
https://doi.org/10.1007/s11858-021-01291-w
https://doi.org/10.1007/s10649-020-09977-w
https://doi.org/10.1007/s10649-020-09977-w
https://doi.org/10.1016/j.cedpsych.2019.01.006
https://doi.org/10.4324/9781315189314
https://doi.org/10.1037/0022-0663.86.2.193
https://doi.org/10.1037/0022-0663.86.2.193

466 J. Krawitz et al.

Mathematical Modeling (pp. 235-256). Springer International Publishing. https://doi.org/10.1007/
978-3-030-04432-9_15

Rudnitsky, A., Etheredge, S., Freeman, S. J. M., & Gilbert, T. (1995). Learning to solve addition and
subtraction word problems through a structure-plus-writing approach. Journal for Research in
Mathematics Education, 26(5), 467-486. https://doi.org/10.2307/749433

Schukajlow, S., Achmetli, K., & Rakoczy, K. (2019). Does constructing multiple solutions for real-world
problems affect self-efficacy? Educational Studies in Mathematics, 100(1), 43-60. https://doi.org/
10.1007/s10649-018-9847-y

Schukajlow, S., Blomberg, J., Rellensmann, J., & Leopold, C. (2022). The role of strategy-based moti-
vation in mathematical problem solving: The case of learner-generated drawings. Learning and
Instruction, Article 101561. https://doi.org/10.1016/j.learninstruc.2021.101561

Schukajlow, S., Kaiser, G., & Stillman, G. (2023a). Modeling from a cognitive perspective: Theoretical
considerations and empirical contributions. Mathematical Thinking and Learning, 25(3), 259-269.
https://doi.org/10.1080/10986065.2021.2012631

Schukajlow, S., Krawitz, J., Kanefke, J., Blum, W., & Rakoczy, K. (2023b). Open modelling problems:
Cognitive barriers and instructional prompts. Educational Studies in Mathematics, 114, 417-438.
https://doi.org/10.1007/s10649-023-10265-6

Schukajlow, S., & Krug, A. (2014). Do multiple solutions matter? Prompting multiple solutions, inter-
est, competence, and autonomy. Journal for Research in Mathematics Education, 45(4), 497-533.
https://doi.org/10.5951/jresematheduc.45.4.0497

Schukajlow, S., Leiss, D., Pekrun, R., Blum, W., Miiller, M., & Messner, R. (2012). Teaching meth-
ods for modelling problems and students’ task-specific enjoyment, value, interest and self-effi-
cacy expectations. Educational Studies in Mathematics, 79(2), 215-237. https://doi.org/10.1007/
$10649-011-9341-2

Silver, E. A. (1994). On mathematical problem posing. For the Learning of Mathematics, 14(1), 19-28.

Silver, E. A., & Cai, J. (1996). An analysis of arithmetic problem posing by middle school students. Journal
for Research in Mathematics Education, 27(5), 521-539. https://doi.org/10.2307/749846

Stoyanova, E., & Ellerton, N. F. (1996). A framework for research into students’ problem posing. In P. C
(Ed.), Technology in mathematics education (pp. 518-525). Mathematics Education Research Group
of Australasia.

Talsma, K., Schiiz, B., Schwarzer, R., & Norris, K. (2018). I believe, therefore I achieve (and vice versa):
A meta-analytic cross-lagged panel analysis of self-efficacy and academic performance. Learning and
Individual Differences, 61, 136—150. https://doi.org/10.1016/j.1indif.2017.11.015

Ticha, M., & HoSpesova, A. (2013). Developing teachers’ subject didactic competence through problem pos-
ing. Educational Studies in Mathematics, 83(1), 133-143. https://doi.org/10.1007/s10649-012-9455-1

Usher, E. L., & Pajares, F. (2009). Sources of self-efficacy in mathematics: A validation study. Contempo-
rary Educational Psychology, 34(1), 89-101. https://doi.org/10.1016/j.cedpsych.2008.09.002

Verschaffel, L., Greer, B., & de Corte, E. (2000). Making sense of word problems. Swets & Zeitlinger.

Voica, C., Singer, F. M., & Stan, E. (2020). How are motivation and self-efficacy interacting in problem-
solving and problem-posing? Educational Studies in Mathematics, 105(3), 487-517. https://doi.org/10.
1007/s10649-020-10005-0

Wigfield, A., & Cambria, J. (2010). Students’ achievement values, goal orientations, and interest: Defini-
tions, development, and relations to achievement outcomes. Developmental Review, 30(1), 1-35.
https://doi.org/10.1016/j.dr.2009.12.001

Wigfield, A., & Eccles, J. S. (2000). Expectancy—value theory of achievement motivation. Contemporary
Educational Psychology, 25(1), 68-81. https://doi.org/10.1006/ceps.1999.1015

Wijaya, A. (2017). Exploring students’ modelling competences: A case of a GeoGebra-based modelling
task. AIP Conference Proceedings. https://doi.org/10.1063/1.4983946

Xie, J., & Masingila, J. O. (2017). Examining Interactions between problem posing and problem solving
with prospective primary teachers: A case of using fractions. Educational Studies in Mathematics,
96(1), 101-118. https://doi.org/10.1007/s10649-017-9760-9

Zhu, Y., & Leung, F. K. S. (2011). Motivation and achievement: Is there an east asian model? Interna-
tional Journal of Science and Mathematics Education, 9(5), 1189-1212. https://doi.org/10.1007/
$10763-010-9255-y

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer


https://doi.org/10.1007/978-3-030-04432-9_15
https://doi.org/10.1007/978-3-030-04432-9_15
https://doi.org/10.2307/749433
https://doi.org/10.1007/s10649-018-9847-y
https://doi.org/10.1007/s10649-018-9847-y
https://doi.org/10.1016/j.learninstruc.2021.101561
https://doi.org/10.1080/10986065.2021.2012631
https://doi.org/10.1007/s10649-023-10265-6
https://doi.org/10.5951/jresematheduc.45.4.0497
https://doi.org/10.1007/s10649-011-9341-2
https://doi.org/10.1007/s10649-011-9341-2
https://doi.org/10.2307/749846
https://doi.org/10.1016/j.lindif.2017.11.015
https://doi.org/10.1007/s10649-012-9455-1
https://doi.org/10.1016/j.cedpsych.2008.09.002
https://doi.org/10.1007/s10649-020-10005-0
https://doi.org/10.1007/s10649-020-10005-0
https://doi.org/10.1016/j.dr.2009.12.001
https://doi.org/10.1006/ceps.1999.1015
https://doi.org/10.1063/1.4983946
https://doi.org/10.1007/s10649-017-9760-9
https://doi.org/10.1007/s10763-010-9255-y
https://doi.org/10.1007/s10763-010-9255-y

	Does problem posing affect self-efficacy, task value, and performance in mathematical modelling?
	Abstract
	1 Effects of problem-posing interventions on mathematical modelling, self-efficacy, and task values
	1.1 Mathematical modelling
	1.2 Modelling-related problem posing
	1.3 Effect of problem posing on modelling
	1.4 Self-efficacy and task values in mathematical modelling
	1.5 Effect of problem posing on self-efficacy and task values
	1.5.1 Self-efficacy
	1.5.2 Task values

	1.6 Effects of self-efficacy and task values on modelling and self-efficacy and task values as intervening variables

	2 Research questions and hypotheses
	3 Method
	3.1 Participants
	3.2 Design
	3.3 Measures
	3.3.1 Modelling performance
	3.3.2 Self-efficacy and task values in solving modelling problems
	3.3.3 Complexity of problems

	3.4 Comparability of groups
	3.5 Dummy coding of the treatment variables
	3.6 Data analysis
	3.7 Missing values
	3.8 Descriptive statistics

	4 Results
	4.1 Effects of problem posing on modelling performance, self-efficacy, and task values
	4.2 Indirect effects of problem posing on modelling performance via self-efficacy and task values

	5 Discussion
	5.1 Empirical contributions
	5.2 Theoretical contributions
	5.3 Practical contributions
	5.4 Strengths, limitations, and future directions

	6 Conclusions
	References


