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Despite its fundamental importance, mathematical curiosity has received limited 

attention in mathematics education research. Knuth (2002) defines it as both the desire 

to learn mathematics and the drive to explore mathematical concepts, particularly 

through problem-solving and problem-posing activities. The broader psychological 

understanding of curiosity emphasizes its role as an intrinsic motivator for acquiring 

new information, linking it to cognitive engagement, including intellectual, epistemic, 

and information-seeking pursuits (Gruber et al., 2019). This suggests that 

mathematical curiosity is associated with knowledge gaps that students are motivated 

to overcome. However, this definition alone does not provide mathematics educators 

neither with a complete understanding of the nature and structure of mathematical 

curiosity, nor how it develops and can be fostered. While research interest in 

mathematical curiosity is emerging (Leikin, 2023), overall research on curiosity in 

mathematics education remains limited. This research forum aims to draw the PME 

community’s attention to this important topic. 

INTRODUCTION 

Roza Leikin and Demetra Pitta-Pantazi 

Curiosity is acknowledged as an important factor in children’s development and 

learning process (Gruber, et al., 2019). Although it is recognized as a vital factor of 

knowledge construction (Piaget, 1952) and has received extensive attention in 

educational literature, there has been a limited number of theoretical, methodological, 

and empirical publications in mathematics education, where domain-specific 

approaches are needed to leverage its potential  

Curiosity is an elusive concept that resists simple definition (Jirout & Klahr, 2012). 

Psychological literature characterizes it as the intrinsic desire to acquire new 

information, which is fundamental to learning and memory in everyday life (Gruber et 
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al., 2019). It is both inherent to children's development and develops through social 

interactions (Engel, 2011). 

There exists a notable contrast between trait curiosity (a personality characteristic) and 

state curiosity (temporary states affecting cognitive development) (Gruber et al., 2019). 

Curiosity can be interpreted as either a long-term trait or a short-term state triggered 

by environmental variables (Lamnina & Chase, 2019). 

The affective dimension of curiosity appears in definitions describing it as a need for 

knowledge/information or the motivation to pursue it through exploration 

(Grossnickle, 2016). Harackiewicz et al. (2016) add that curiosity connects to 

psychological states of attention and affect toward specific objects/topics, or an 

enduring predisposition to reengage over time. This perspective distinguishes curiosity 

from interest, which is driven by goals of engagement and enjoyment with particular 

objects or phenomena. 

Peterson and Cohen (2019) challenge the traditional domain-general view of epistemic 

curiosity, arguing that this framework inadequately tracks learners' progress within 

specific domains like mathematics. While epistemic curiosity has been broadly 

understood as a general desire for knowledge that triggers positive emotions, 

heightened arousal, and exploration (Grossnickle, 2016), mathematical curiosity 

requires special attention from mathematics education researchers due to its domain-

specific nature. The developmental trajectory of mathematical curiosity is intimately 

linked to the learning of mathematics and the development of mathematical knowledge 

and skills. Recognizing this specificity is essential for establishing curiosity-driven 

mathematical instruction. Specifically, researchers can develop more effective 

frameworks for fostering curiosity in mathematics education, ultimately supporting 

students' long-term mathematical literacy and problem-solving abilities. 

Previous works by Knuth (2002) and Posamentier and Lehmann (2014) have provided 

practical examples of curiosity-evoking mathematical activities. However, these 

contributions, while valuable, lack a comprehensive research framework for 

understanding mathematical curiosity (Leikin, 2023). Both cognitive and affective 

dimensions of curiosity are particularly noteworthy, as curiosity manifests in the drive 

for knowledge acquisition and exploratory behavior (Grossnickle, 2016; Peterson & 

Cohen, 2019). Despite the importance of this conceptual distinction, "there has been 

very little research on curiosity and, therefore, our understanding of how curiosity 

impacts learning is relatively poor" (Gruber et al., 2019). Although "Children's 

interests and explorations are the mechanisms that underlie authentic learning" and 

curiosity should be cultivated in schools, it is often "almost completely absent from 

classrooms" (Engel, 2011). Thus, developing a comprehensive framework for 

understanding mathematical curiosity is crucial for educators to design effective 

instructional strategies that foster curiosity, and enhance learning.  
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Following the International ISF Research Workshop “Mathematical curiosity as means 

for the developing of mathematical proficiency in a wide range of students” (Leikin, 

2023), this Research Forum aims to catalyze discussion within the mathematics 

education community about the nature and nurture of mathematical curiosity and its 

vital role in mathematical learning and teaching. The goal is to foster an international 

dialogue that deepens our understanding of mathematical curiosity while exploring 

how it can be developed across diverse student populations. 

The presentations and discussions at the Research Forum will draw distinctions 

between domain-general and domain-specific curiosity, with mathematical curiosity 

representing a crucial domain-specific form that encompasses the fundamental 

mechanisms of authentic mathematical learning (Peterson & Cohen, 2019). While 

several works explored curiosity in general terms, this Research Forum aims to address 

mathematical curiosity as a distinct phenomenon that warrants cultivation in 

mathematics education settings.  

During the first session of the research forum, we will focus on theoretical and 

historical perspectives on curiosity.  

Roza Leikin and Demetra Pitta-Pantazi will open the session with an introduction (see 

section introduction above) that provides an overview of the state of the art of research 

on curiosity in mathematics education by linking this research to psychological 

research on general curiosity. 

Alexander Karp will provide a historical analysis addressing the question "How have 

attitudes towards curiosity changed in mathematics teaching?" He will argue that 

mathematics educators for centuries were not concerned with arousing students' 

curiosity, and draws our attention to the changes that took place in the awareness of 

the importance of fostering curiosity. Stanislaw Schukajlow, Pia Gödeke and Janina 

Krawitz will analyze mathematical curiosity from the affective perspective, examining 

its characteristics, conceptual overlaps, and relationships. Using Pekrun's (2006) 

control-value theory of achievement emotions and Loewenstein's (1994) information-

gap theory, they will emphasize the significance of curiosity as both an emotional and 

motivational construct. The authors will explore curiosity as an affective construct and 

critically examine mutual relationships between curiosity and interest. Rina Zazkis will 

apply a cognitive lens to mathematical curiosity as related to intellectual needs (Harel, 

2013). Through a reflective account of several mathematical incidents that triggered 

her personal curiosity and resulted in investigations and unexpected solutions, she will 

draw conclusions on how curiosity in mathematics can be related to curiosity in 

mathematics teaching and in mathematics education research. 

During the second session, the research forum participants will be exposed to 

examples of research on curiosity-driven mathematical instruction. 

Demetra Pitta-Pantazi and Roza Leikin will outline questions that can open new 

directions in mathematics education research, such as:  
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• Which instructional approaches can arouse curiosity in learning mathematics?  

• How can problem solving or problem posing activities develop curiosity, and are 

they more effective when curiosity-driven?  

• What is the role of teachers in evoking mathematical creativity in their students or 

impeding learners' curiosity when studying mathematics?  

• Do technological tools support mathematical curiosity, and how do they do so? 

Jinfa Cai and Victoria Robison will examine mathematical curiosity exhibited in and 

nurtured through problem posing. Based on the three dimensions of mathematical 

curiosity suggested by Peterson and Cohen (2019) - knowledge gaps, heightened 

arousal, and question-asking - they will demonstrate how and why mathematical 

problem posing is a powerful mathematical activity based on and leading to 

mathematical curiosity. Patricio Felmer and Boris Koichu will explore curiosity 

triggered by collaborative problem solving settings for undergraduate engineering 

students. The researchers will examine students' conceptions about curiosity and 

suggest their categorization. Hui-Yu Hsu will describe curiosity reflected in students’ 

metacognitive behaviors taken during problem solving, through focusing on 4th grade 

and 8th grade students solving of high cognitive-demand problems. Her findings reveal 

notable differences between the two grade levels, highlighting developmental 

differences in metacognitive approaches and providing insights into the intertwined 

relationship between curiosity and mathematical problem solving. 

 

AN ATTEMPT AT HISTORICAL ANALYSIS: HOW ATTITUDES 

TOWARDS CURIOSITY HAVE CHANGED IN MATHEMATICS 

TEACHING 

Alexander Karp 

The fact that scientists are inquisitive is commonplace today. Therefore, there is a 

universal belief that curiosity should be encouraged from a young age. A modern 

Russian textbook on methods of teaching mathematics (Stefanova & Podkhodova, 

2005) says directly that one of the motives of learning activity is that students attempt 

to satisfy their curiosity (p. 29). But this has not always been so. The purpose of this 

section is to briefly trace how attitudes toward curiosity in studying, and, just as 

importantly, toward its formation, have changed. Of course, this section will be limited 

to some examples and observations (there is no room for a systematic review).  

Even in antiquity, curiosity in learning and the pursuit of knowledge were usually 

sought after. Aristotle (1983) wrote that learning is the most pleasant thing. Later, St. 

Augustine wrote: “Hinc satis elucet maiorem habere vim ad discenda ista liberam 

curiositatem quam meticulosam necessitatem” (Confessions I, 14), that is, “Hence it is 

perfectly clear that free curiosity has greater power for learning than coercive 

discipline.” But curiosity itself was still considered a sin and, Thomas Aquinas (1225-
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1274) had to ask the question “utrum vitium curiositatis possit esse in cognitione 

intellectiva” (Summa Theologiae, question 167), i.e., “Can the vice of curiosity regard 

intellective knowledge?” It was further explained that since intellective knowledge is 

a pure matter and not contaminated by anything evil, the answer was “no.” Still, the 

word aroused suspicion.  

People of the Middle Ages were often portrayed as impersonal beings who completely 

followed the prevailing norms, which is, of course, inaccurate (Gurevich, 2005); yet it 

is hard to imagine a medieval monk trying to arouse curiosity in the students of a 

monastic school in process of studying certain properties of numbers (admiration for 

the Lord's wisdom is another matter). At least we have no evidence to suggest that such 

things occurred. 

Even though the 15th-16th centuries are often considered to be the time of “love of 

calculations,” neither then, nor even later, when large centralized national states began 

to emerge, building their armies and needing mathematics for that, they did not talk 

much about curiosity in the educational process—they talked about its usefulness.  

Take, for example, the textbook published in Russia in 1703, the famous Arithmetic of 

Leontius Magnitsky (1703). This book was used in the educational process for almost 

half a century, and many famous people, such as the great natural scientist Mikhail 

Lomonosov (1711-1765), called it the gateway to their scholarship. As Magnitsky 

himself writes, the book is brought from different dialects into the Slavic language and 

united into one treatise—that is, it reflects not so much Russian experience, but 

European. It is addressed to wisdom-loving Russian adolescents and people of every 

rank and age. The meaning and value of learning, however, are expressed in the poetic 

preface: “Love wisdom and science, and wealth will come to you in your hands” and 

it is further explained that arithmetic is useful for merchants, and craftsmen, and 

masters of other arts. In another place Magnitsky, however, writes that he who does 

not care about the descent of sciences is deprived of the delicate ornaments of life, but 

what distinguishes the book is not the section of rhetorical exercises which opens the 

book but the way in which Magnitsky presents the material.  

In that book, however, hardly anything is designed for the inquisitive. For example, the 

second section of the first part opens with an explanation (which probably should have 

been memorized) of what addition is: addition is two or many numbers in one 

assembly. Then addition tables are given (displaying the results of adding the first ten 

positive integers), then it is shown how to add the multi-digit numbers 532 and 46 (no 

explanation is given as to why this is so), and so on. This style is quite revealing and 

typical of textbooks of the time. 

It seems that it was only after Pestalozzi (1746-1827) with his attention to the inner life 

of children and their feelings that we can begin to talk about the importance of 

awakening and developing curiosity in pupils. Both theorists and practitioners of 

education thought about curiosity. 
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“Teacher of German Teachers” Adolph Diesterweg (1790-1866) in his Guide for the 

Instruction of German Teachers (Diesterweg, 1956) recommended, “At each stage, 

mention separate parts of the material to follow, and without allowing for any 

significant gaps, present separate ideas from it to arouse the schoolchild's curiosity, 

without, however, satisfying it completely!”    

This kind of going ahead does indeed excite curiosity, as it does the story of unknown 

lands to be seen in the future, but Diesterweg does not give a concrete method of how 

to do it here. The American Warren Colburn (1793-1833) proposed a special technique 

in his arithmetic textbooks—it consisted of asking questions. The technique was not 

new at all; however, these questions were not aimed at reproducing what had been 

learned, but at analyzing what was being studied. Colburn (1823) did not speak directly 

about awakening curiosity but saw his task as awakening students' independence even 

in learning calculations, which for centuries had been considered to be learned by rote: 

students “should be allowed to pursue their own method first, and then they should be 

made to observe and explain it, and if it was not the best, some improvements should 

be suggested” (p. 4). The questions in the book are usually not difficult—it opens with 

“How many thumbs have you on your right hand?”- but it is important that they are 

often based on the experience of the students and are therefore manageable for them, 

and at the same time, they offer some new perspective on that experience and therefore 

may be of interest to them. 

One might ask here, what awakens curiosity? Today, it is sometimes thought that there 

is no better way to do this than to talk about how math is useful in some applications, 

with an emphasis on how much money it makes. The American mathematics educator 

Jacob William Albert Young (1865-1948) argued strongly against this approach in his 

much reprinted and widely translated book The Teaching of Mathematics in the 

Elementary and the Secondary School: 

Utility often acts powerfully in arousing the interest of the adult; utility alone is never 

the child's standard. When he appeals to it, what is the “use” of this or that, he is 

sophisticated; he is not expressing his own views, but is appealing to the adult point of 

view. He never asks, “What is the use of playing ball?” and this fact points to what is 

the child's standard of interest, namely, doing, successfully doing (pp.94-95). 

To the above question about what arouses curiosity, Young answered no less 

forcefully: “Few of the subjects of instruction are intrinsically interesting to the child: 

they must be ‘made interesting’, and here is the teacher's main opportunity and 

obligation” (p. 96). The center of gravity is thus shifted to the question of what a 

mathematics teacher should do to arouse curiosity (note that this very question is an 

achievement—it had not been thought about for many centuries). 

Some techniques have been mentioned above: “getting ahead” and direct questioning 

by the teacher or textbook as well as reliance on the concrete experience of the child, 

from which generalization grows. We can say that the feasibility of what was being 

studied was put forward as a necessary condition for interest and for the emergence of 
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curiosity (this is the condition for doing, successful doing). What else do we see in 

history?    

Curiosity is aroused by a riddle, i.e., a report about some unexpected and even 

contradictory phenomenon or some unexpected task. Examples of such riddles can be 

found in ancient manuscripts and even in the textbook of Magnitsky quoted above. 

Most likely they were given for entertainment, though they were related to what was 

being studied. An example of a deeper question can be found in a book translated into 

many languages, Interesting Algebra by Yakov Perelman (1955). The book tells of the 

will of Benjamin Franklin, who left a thousand pounds to the city of Boston to be lent 

to young artisans at 5% interest per annum. Franklin then disposed of the millions to 

be accumulated 100 and 200 years afterward. It is natural to ask the question, how did 

he calculate how much money would accumulate? Did he multiply 200 times 1.05? 

There were, after all, no calculators.   

Examples of this kind can be found in history, in natural science, and in other fields. 

Of course, the effect is enhanced if the corresponding situation occurs in the classroom, 

and the teachers emphasize its mystery, using their pedagogical skills and a certain 

artistry. Almost half a century ago, the Leningrad teacher Aron Maizelis set a certain 

task before the class, and when children started shouting their questions and comments 

from their seats, he asked them not to make noise but to write the questions about 

additional details and context of the task on special sheets of paper, while he would 

write the answer. The questions were then read out, after which Maizelis would read 

out his answer that whatever was asked did not matter—the answer was still the same 

(Karp, 2007). The children's curiosity during this scene knew no bounds. 

Pedagogical skills, including an understanding of how students think, played a major 

role here in drawing students to the task and in engaging students in the process of 

discussing the problem posed. But here we must mention another principle of arousing 

curiosity—gradualness and systematicity, which helps students to experience a 

problem as their own so that there will be a personal need to solve it. 

If we turn to an old geometry textbook, e.g., Robinson (1867), we will see that the few 

problems included in the book are given rather chaotically; each of them is given 

separately, in isolation. If we look at newer problem books, such as Hart (1934), we 

see that the problems are organized in a very slender system, in which the movement 

from a simple problem to a more complex one and from one type to another is clearly 

visible (Karp, 2023). A student who has solved a problem is thus inevitably encouraged 

to think about how to do the next one, which is similar but still not solvable by the 

same approach. In this way, without special declarations, curiosity is awakened. 

History, of course, does not and cannot provide answers to all of today's questions, and 

although we can learn from history some techniques for awakening curiosity, it does 

not replace today's reflections. But the experience accumulated by humanity is 

important. Russian psychologist Bozhovich (2012) once divided the motives for 

learning into social and cognitive. In fact, cognitive and social sides are deeply 
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connected. Cognitive interest, including the awakening of curiosity, became more 

talked about when society and schools began to pay more attention to the individual 

lives of children, their feelings, and their development. At the same time, the social and 

related to the social, including children's environment, their teachers, books, and 

classmates have bearing on cognitive interests, including the awakening of curiosity. 

How this can be done is worth exploring both in history and in the present. 

 

CURIOSITY FROM EMOTIONAL AND COGNITIVE PERSPECTIVES: 

CHARACTERISTICS AND CONCEPTUAL OVERLAPS  

Stanislaw Schukajlow, Pia Gödecke, & Janina Krawitz 

Introduction 

Emotions as affective constructs are crucial in individuals' lives, careers, learning, and 

overall well-being. As a result, they also significantly influence the school environment 

and mathematical learning. Affect is an essential prerequisite for cognitive outcomes, 

such as knowledge acquisition and strategy use. Additionally, affective constructs 

function as learning outcomes or goals in mathematics education and mediate the 

effects of instruction on other learning outcomes, including mathematical performance 

(Schukajlow et al., 2023). Recently, researchers have observed a growing interest in 

affect, suggesting a possible affective turn in mathematics education research 

(Schukajlow et al., 2023). However, with some exceptions such as mathematical 

anxiety, only few research analyzed specific affective constructs. A recent meta-

analysis identified only nine studies on curiosity in mathematics out of 57 studies that 

analyzed emotions in mathematics between 2020 and 2024 (Schoenherr et al., 2025). 

In this contribution, we analyze curiosity as an emotional and cognitive construct by 

(1) addressing its theoretical background within the control-value theory of emotions 

and the information-gap theory, (2) exploring its conceptual overlap with interest, and 

(3) examining key characteristics of curiosity. At the end, we offer a summary and 

future directions for research.  

Curiosity: theoretical underpinnings 

Rather than being a simple feeling, curiosity is a complex, dynamic process that 

involves affective, cognitive, motivational, expressive, and physiological components. 

From the perspective of Darwin’s theory of evolution, curiosity is not exclusive to 

humans but also appears in animals and has evolved over a long period. In the control-

value theory of human emotions, curiosity is classified as an epistemic emotion—one 

that drives the pursuit and acquisition of new knowledge. Curiosity arises in situations 

in which humans feel the gap between desired and current knowledge (Pekrun, 2024). 

In control-value theory, the desire to gain new knowledge is reflected in a high value 

of the activity (e.g., high value of solving an equation) and the ability to close the 

knowledge gap in a high control over actions (e.g., high confidence regarding the 

ability to learn how equations can be solved). Further, the awareness of the knowledge 
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gap is a crucial condition for the emergence of curiosity. The relation between the 

value, control, and awareness of knowledge gap appraisals is complex and non-linear. 

For example, if the knowledge gap is perceived as too high, this can hinder the rise of 

curiosity (Pekrun, 2024). Like other epistemic emotions (e.g., surprise), curiosity is 

expected to play a crucial role in mathematical thinking by fostering deeper 

engagement and cognitive exploration. That is why curiosity is one of the activating 

epistemic emotions. 

Cognitive-oriented theoretical frameworks such as the information-gap theory by 

Loewenstein (1994), emphasize the knowledge-related component of curiosity. The 

information gap refers to the discrepancy between available knowledge and the 

knowledge one wishes to acquire. The information-gap theory emphasizes the role of 

expectations regarding the discrepancy between perceived knowledge and the 

knowledge one expects to perceive (Loewenstein, 1994). If an individual experiences 

an incongruity due to violated expectations, they identify the knowledge gap, and 

curiosity arises. In the information-gap theory, curiosity is proposed to be stimulated 

by both internal and external factors. Furthermore, the desire to feel competent is 

suggested as one of the factors that might lead to curiosity. Perspectives from control-

value theory and information-gap theories come together in a literature review, in 

which Grossnickle (2016) identifies four dimensions of curiosity: the need for 

knowledge or information, emotions or arousal, exploratory behavior, and collative 

variables (e.g., novelty or complexity).  

Conceptual overlaps of curiosity and interest  

Overlapping definitions are typical for affective constructs. Research repeatedly 

emphasized the jingle-jangle fallacies in research in social sciences and affect is no 

exception. The "jingle" fallacy occurs when different labels are used to describe the 

same affective construct, whereas the "jangle" fallacy arises when the same label is 

applied to different affective constructs (Schukajlow et al., 2023). The jingle-jangle 

fallacies, however, must be differentiated from conceptual overlap, which occurs when 

theories use similar constructs or mechanisms of action as their foundations. Interest is 

the construct that conceptually overlaps with curiosity and has been extensively 

discussed in past research. For a long time, interest and curiosity were not distinguished 

from each other (Donnellan et al., 2022).  

Interest is an affective construct characterized by a strong and lasting relationship 

between a person and the object of interest (e.g., mathematics). It develops from 

unstable situational interest to stable individual interest across different situations that 

catch and hold interest, such as working on mathematical problems (Hidi & Renninger, 

2006). Persons with a high individual interest in mathematics engage repeatedly with 

the object of their interest and seek situations in which they can interact with 

mathematics. Interest consists of two dimensions: an affective and a cognitive 

dimension (Frenzel et al., 2012; Krapp, 2005). The affective dimension is associated 

with positive emotions that a person gains from interacting with the object of interest 
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(e.g., enjoyment of solving problems). Interest theorists view curiosity as one of the 

components of the affective dimension of interest (Frenzel et al., 2012). In this 

conceptualization, the cognitive dimension comprises the perceived value of the object 

of interest (e.g., subjective importance of problem solving), the willingness to acquire 

new knowledge (e.g., desire to learn how to solve the problem), and the feeling of 

competence. The comparison of the concepts of curiosity and interest indicates a 

conceptual overlap on the theoretical level regarding the affective/emotional and 

cognitive dimensions, as both constructs are associated with positive emotions and 

acquiring new knowledge. Examining key characteristics of affect can help clarify the 

unique role of curiosity.   

Key characteristics of curiosity: valence, temporal stability, situational 

specificity, and its objects 

Valence, temporal stability, situational specificity, and object were proposed as the key 

characteristics of emotions (Schukajlow et al., 2023). Valence reflects an individual's 

perception of a construct's desirability or pleasantness, ranging from positive to 

negative or neutral. While curiosity is typically linked to positive valence, some 

researchers argue that it carries a negative valence (Pekrun, 2024). Temporal stability 

differentiates between more enduring traits and transient states that fluctuate over time. 

Whereas early discussions of curiosity focused primarily on curiosity as a stable trait, 

more recent research primarily views it as a state that arises in response to a specific 

task or activity (Loewenstein, 1994; Pekrun, 2024). Situational specificity describes 

situational characteristics of affect, which are related to tasks, learning environments, 

and socio-cultural contexts. For example, due to social-cultural norms, curiosity may 

vary across mathematics classes, schools, and cultures. At the classroom level, teachers 

should create opportunities for students to generate and explore their hypotheses and 

assumptions, allowing them to actively channel their curiosity into meaningful learning 

experiences. If a teacher strictly follows a pre-defined lesson plan and directly answers 

students’ questions, it could establish social norms that hinder students’ curiosity. The 

object of curiosity may range from mathematics and various mathematical activities at 

a broad, overarching level, through a specific topic or competence at an intermediate 

level, to a particular task, mathematical activity, or strategy at the most specific level. 

Summary and Future directions 

In this contribution, we offered a brief overview of the theoretical underpinning of 

curiosity. From a theoretical perspective, curiosity is mostly based on two main 

concepts: emotions and knowledge. The leading theories include these two concepts. 

Control-value theory underlines the emotional aspect and emphasizes curiosity as a 

specific emotion, whereas information-gap theory highlights curiosity as an important 

factor in the acquisition of knowledge. Interest overlaps conceptually with curiosity. 

Valence, temporal stability, situational specificity, and object help to characterize 

curiosity as an affective construct. Based on the characteristics of curiosity we suggest 

future directions of research:  
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• Position the research within one of the theoretical conceptualizations such as 

curiosity as an epistemic emotion (Schubert et al., 2023) or the information-gap 

theory.  

• Differentiate between curiosity as a temporary stable trait vs. a temporary 

unstable state to capture its dynamic nature. 

• Address different objects of curiosity, such as mathematics, specific topics, 

tasks, or strategies (Schukajlow et al., 2023). 

 

TRIGGERS, PITFALLS, AND TASK DESIGN 

Rina Zazkis 

On curiosity triggers  

There are numerous events that can trigger or inspire mathematical curiosity. For 

example, it can be a puzzle or a card trick, where we are eager to uncover why it 

“works.” It can be a problem posed by a student or a colleague, or a surprising result 

of a personal investigation. In this note I focus on curiosity that is triggered by personal 

mistakes, or personal incorrect assumptions. I describe how such mistake occurred, 

what mathematical investigation followed, and how it resulted in tasks for student 

engagement.   

In technology we trust 

Consider a parallelogram. Connect each vertex to the midpoint of an adjacent side, 

without loss of generality, clockwise. The intersections of these connecting segments 

create an “inner” parallelogram, as shown in Figure 1(a). The ratio of the areas of the 

two parallelograms – Area (outer) : Area (inner) –  has a constant value of 5:1, invariant 

under the shape of the parallelograms. This can be proved, for example, by 

decomposing areas, as demonstrated in Figure 1(b) and 1(c).  

 

(a) 

 

(b) 

 

(c) 

Figure 1: Diagram in support of a proof for parallelogram areas ratio of 5:1. 

Consider a quadrilateral with no special constraints and its inner quadrilateral 

constructed in a similar way. Geometer’ Sketchpad (GSP, Dynamic Geometry software 

of my choice) appears to suggest that the ratio is 5:1. Dragging one of the vertices of 

the quadrilateral changes the areas of the inner and outer quadrilateral, but the ratio 
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appears constant (see Figure 2). Availability of a proof for the special case of a 

parallelogram supports this assumption.  

However, the same construction with a different software (Cinderella, rather than the 

GSP) calculated the ratio in a similar construction as 5.0024, and gentle dragging of 

any of the vertices of the quadrilateral also altered the ratio in the thousandth digits 

(e.g., 5.0021 or 5.0053). I initially dismissed this result as “oversensitivity of 

Cindrella”, treating the rounding of the result to two decimal places as a constant value. 

Then, I was led to realize that even when using the GSP the ratio changes, for example, 

to 5.09:1 or 5.30:1 (allowing for only 2 decimal places) when one of the quadrilateral 

sides is very short relatively to the other sides (Figure 3). Curious indeed.  

 

 

 

 

 

 

Figure 2: Is the ratio constant? 

 

 

 

 

 

 

Figure 3: Variation in ratio 

Problem solving 

Following intense investigation, John Mason and I proved that this ratio fluctuates 

between 5:1 and 6:1 (Mason & Zazkis, 2018). It is exactly 5:1 when the inner 

parallelogram is a trapezoid (a parallelogram can be seen as a special case of a 

trapezoid), and it is 6:1 only when the quadrilateral degenerates to a triangle, that is, 

point C coincides with B or D, respectively (Figure 4).  
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The latter case (ratio 6:1) is easy to prove by considering medians in a triangle. The 

proof of the former is labor intensive, even with the help of CAS. The proof and its 

generalization are found in Mason and Zazkis (2018). The generalization attends to the 

case in which the sides of the quadrilateral are partitioned in ratio  : (1 − 𝜇).  

  

Figure 4: Degenerative case of matching point C with B or D, respectively. 

Theoretically speaking 

The curiosity to find a proof and to investigate further can be seen as an intellectual 

need for certainty. The need for certainty, according to Harel (2013), is the need to 

prove, to remove doubts. According to Harel, one’s certainty is achieved when one 

determines — by whatever means he or she deems appropriate — that an assertion is 

true. The presumed certainty suggested by Dynamic Geometry can be misleading, as 

clearly demonstrated above. However, even when certainty is achieved, the use of CAS 

in a proof, which helps with tedious calculations, may appear unsatisfying. Intellectual 

curiosity may keep seeking synthetic proof in geometry, that is, without relying on 

algebraic computation with CAS.  

Further, while GSP interfered with the need for certainty, it was instrumental in 

satisfying the intellectual need for causality, which is, according to Harel (ibid), the 

need to determine a cause of a phenomenon. Gradual shortening of one of the sides of 

the parallelogram, as seen in Figure 3, results in graduate increasing of the ratio, where 

the degenerative case (as in Figure 4) provides the upper bound.  

Teacher educator’s looking back  

When a problem is solved, Polya suggests to “look back” (Polya, 1957/1984). This is 

the fourth step in the classical 4-step approach to problem solving (understand, plan, 

carry out the plan, and look back). Looking back attends to checking solutions for 

errors, considering alternative solutions or solution approaches. Looking back may 

also involve varying the givens and generalizing, which provide a strong connection 

to problem posing (Cai & Brook, 2006). This is looking back from a perspective of a 

problem solver.  

However, there is also looking back from a perspective of a mathematics teacher and 

teacher educator. That is, as my curiosity was triggered, how can I occasion curiosity 

in my students? One possible step is to present the task: Given a quadrilateral and the 

construction of the inner quadrilateral described above, what is the ratio of the areas of 
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these two quadrilaterals? The invitation to examine special cases may follow, as proofs 

are more accessible when the given quadrilateral is a rectangle. However, this assigned 

task may or may not trigger curiosity.  

A more explicit trigger can demonstrate the problematics of presumed rounding as a 

prompt for a scripting task. That is, a task can present beginning of a conversation 

between students, that teachers-scriptwriters are invited to develop further, in a form 

of a script for an imagined dialogue.  

Annie:  I explored the construction (e.g., Figure 3) and I believe the ratio is 5. 

Benny:  Somehow, when I move one of the vertices close to another, I do not get 

exactly 5. This is very strange.    

Annie:  I get 5 all the time, look! 

Benny:  Prove it!  

Annnie:  You always want a proof, but I am totally convinced, this 5 does not change 

and it is proof-enough for me.  

Teacher: … 

Presenting a disagreement between students is a type of a prompt for a scriptwriting 

activity discussed in prior research (e.g., Marmur et al., 2022; Zazkis & Zazkis, 2014). 

This is a mathematical task, presented as an assignment with a pedagogical flavor, that 

would direct teachers to examine by themselves the situation in order to join a 

conversation with students. The scriptwriter can have teacher-character join the 

conversation at any point, or imagine further exchange between the student-characters 

before letting the teacher-character intervene. The conversation can focus on 

examining special cases, or on examining the affordances and pitfalls when relying on 

technology.  

 

MATHEMATICAL CURIOSITY EXHIBITED IN PROBLEM POSING 

Jinfa Cai and Victoria Robison 

It is well-documented from both national and international surveys that many students 

do not view mathematics positively. These negative affective responses to school 

mathematics frustrate efforts to improve students’ learning, and research is needed to 

investigate potential avenues for addressing such challenges. One approach is to study 

mathematical curiosity, which could help students overcome the hurdles of negative 

dispositions and disengagement (Peterson & Cohen, 2019). In this paper, we explore 

this idea from the perspective of problem posing.  

Problem posing is a fundamental creative mathematical process that has long been 

promoted in curriculum frameworks and supported by empirical research (Silver, 

1997). More specifically, problem posing refers to several related types of activity that 

entail or support teachers and students formulating (or reformulating) and expressing 
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a problem or task based on a particular context (the problem situation; Cai & Hwang, 

2020; Silver, 1994). Research has clearly shown that both students and teachers are 

capable of posing mathematical problems based on given situations (Cai et al., 2015). 

In what follows, we will explore the potential of problem posing with respect to 

evidence of mathematical curiosity exhibited in students’ problem posing.  

Attributes of Mathematical Curiosity 

Peterson and Cohen (2019) conceptualized curiosity as a multidimensional construct 

with three attributes: (1) knowledge gaps, (2) heightened arousal, and (3) question-

asking. Of these, the third attribute is the most directly and obviously related to problem 

posing. Curiosity often manifests through “question-asking or exploratory behaviors,” 

and “students who exhibit curiosity may ask questions, form and test hypotheses” 

(Peterson & Cohen, 2019, p. 809). That is, mathematically curious students are likely 

to exhibit that curiosity by posing their own problems—problems that reflect the 

mathematical phenomena about which they are curious. Problem posing is also 

connected to Peterson and Cohen’s other two attributes, knowledge gaps and 

heightened arousal. Moreover, research on problem posing has described various 

attributes of the problems that students (and teachers) pose, including both semantic 

and syntactic features and whether problems are solvable (e.g., Silver & Cai, 1996). 

Such research has generally found that students can pose many kinds of problems, 

including complex and unusual problems as well as unexpected responses.  

What Is Problem Posing? 

 
figure 1                     figure 2                                figure  3 

Problem-solving task Problem-posing task 

Look at the figure above. 

A. Draw the 4th figure 

B. How many black dots are there in 
the 6th figure? Explain how you 
found your answer. 

C. How many while dots are there in 
the 6th figure? Explain how you 
found your answer. 

D. Figure 1 has 8 white dots. If a 
figure has 44 while dots, which 
figure is it? Explain how you found 
your answer. 

Teacher Ma drew the figures above in a pattern, as 
shown above. For his student’s homework, he 
wanted to make up three problems based on the 
above situation: an easy problem, a moderate 
problem, and a difficult problem. These problems 
can be solved using the information in the 
situation. Help Teacher Ma make up three 
problems and write these problems in the space 
below. 

The easy problem: 

The moderately difficult problem: 

The difficult problem: 

Figure 5: Sample problem-solving and problem-posing tasks. 
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Figure 5 shows a pair of tasks (Cai & Hwang, 2002). The left-hand side is a typical 

problem-solving task, and the right-hand side is a typical problem-posing task. The 

problem-solving task requires students to answer several given questions. In contrast, 

the problem-posing task asks students to pose three mathematical problems: one easy 

problem, one moderately difficult problem, and one difficult problem.    

A problem-posing task has two parts: the situation and the prompt (Cai, 2022). The 

design of both the situation and prompt is one of the important focuses on problem-

posing research. In discussing the mathematical curiosity exhibited in problem posing, 

our focus will be on problem-posing tasks’ situations and prompts.  

Mathematical Curiosity Exhibited in Problem Posing 

Mathematical curiosity can be exhibited in problem posing because of its low-floor 

effect, which helps students use whatever knowledge and experience they possess to 

pose problems. This comes from their desire and capability to know. This contrasts 

with some problem-solving tasks, where students either get it or they don’t. One of the 

major findings from problem-posing research is that both students and teachers are 

capable of posing interesting and innovative mathematical problems.  

Students’ responses to mathematical problem-posing tasks are typically analyzed using 

both qualitative analytic and quantitative holistic methods. In what follows, we discuss 

how problem-posing tasks are analyzed qualitatively, including both expected and 

unexpected posed problems, and quantitatively. We also discuss the challenges of 

assessing mathematical curiosity exhibited in mathematical problem posing. 

Mathematical Curiosity Exhibited in Qualitative Analysis: Using qualitative 

analytic methods, students’ responses can be classified into mathematical problems, 

nonmathematical problems, and statements. Their curiosity can be exhibited the posed 

problems in various ways. Below are some examples of different problem-posing tasks 

and students’ responses. 

Task 1: The Driving Task 

Jerome, Elliot, and Arturo took turns driving home from a trip. Arturo drove 80 miles more 

than Elliot. Elliot drove twice as many miles as Jerome. Jerome drove 50 miles.  

In this situation, Jerome drove 50 miles. What about Elliot or Arturo? How many miles 

did Elliot or Arturo each drive? What about the total they drove altogether? Cai et al. 

(2023) found that some students added conditions and then posed a mathematical 

problem, such as “If they each had to drive there and back how many miles would they 

drive and how many total miles would there be?”  

Task 2: The Doorbell Task  

Sally is having a party. The first time the doorbell rings, 1 guest enters. The second time 

the doorbell rings, 3 guests enter. The third time the doorbell rings, 5 guests enter. The 

fourth time the doorbell rings, 7 guests enter. This pattern continues in the same way. On 
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the next ring a group enters that has 2 more guests than the group that entered on the 

previous ring.  

On this task, implemented in Cai and Hwang (2002), students were able to go beyond 

the situations and were curious to know the amount of pizza needed to feed those in 

the party, such as “If Sally bought boxes of pizza with 6 slices each, how many boxes 

would she need to feed everyone in the house after the 6th ring? (including Sally).”  

These sample student-posed problems show aspects of what students want to know 

based on their respective situations; such desire demonstrates their curiosity to fill their 

knowledge gaps and motivation to establish new relationships. Thus, the above sample 

of problem-posing tasks and student-posed problems provide a window into what 

students want to know when they engage in problem-posing tasks.  

Mathematical Curiosity Exhibited in Unexpected Responses: Researchers typically 

qualitatively analyze students’ “desirable responses,” such as students’ posed solvable 

mathematical problems. These problems can demonstrate students’ curiosity as in the 

above examples. However, some percentages of students’ responses are unexpected or 

even undesirable. For example, in Silver and Cai (1996), almost one quarter of the 

students’ responses were statements or nonmathematical problems. It is not entirely 

clear why students provide unexpected responses, such as statements or 

nonmathematical problems, even though the directions clearly ask students to pose 

mathematical problems. However, a recent study found that such unexpected responses 

may also demonstrate students’ mathematical curiosity and innovative ideas (Ran et 

al., in press).  

Mathematical Curiosity Exhibited in Quantitative Analysis: Students’ responses to 

problem-posing tasks can also be analyzed quantitatively. In such quantitative analysis, 

a numerical score is assigned to a problem-posing response according to the nature of 

the response; for example, nonroutine posed problems are often scored higher than 

routine ones. One such quantitative analysis rubric is from Liu et al. (2020), who used 

the abovementioned Doorbell task to ask students to pose an easy problem, a medium 

difficult problem, and a difficult problem.  

Challenges to Assessing Mathematical Curiosity in Problem Posing: The above 

examples show how mathematical curiosity can be exhibited not only in different 

posed mathematical problems and unexpected responses but also how they have been 

considered in quantitative scoring. However, it remains a challenge to systematically 

assess mathematical curiosity through problem posing. Future studies are needed to 

develop mathematical problem-posing tasks as assessment tools in general and 

problem-posing assessment tools for assessing mathematical curiosity specifically. We 

suggest three directions to overcome these challenges. 

Conclusion and Looking to the Future 

Investigating the mathematical curiosity exhibited in and through problem posing is 

theoretically justified by the conceptualization of mathematical curiosity by Peterson 
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and Cohen (2019) and is consistent with current views about the roles problem posing 

can play in students’ learning (Cai, 2022; Cai et al., 2015). However, as we have 

indicated, actually assessing students’ mathematical curiosity in and through problem 

posing involves a number of challenges. We call on other researchers to join the effort 

to conduct research in this area. We hope this chapter serves as a springboard for 

researchers to use problem posing as a lever to assess and nurture students’ 

mathematical curiosity.   

Note: Jinfa Cai would like to acknowledge that the preparation of this paper is supported by 

a grant from the National Science Foundation (DRL-2101552). Any opinions expressed 

herein are those of the authors and do not necessarily represent the views of the National 

Science Foundation.   

 

STUDENTS’ NARRATIVES ON MATHEMATICAL CURIOSITY AND ITS 

RELATION TO CPS 

Patricio Felmer & Boris Koichu 

Introduction  

This note is written in connection with an initiative started in a meeting in Haifa, Israel, 

with the aim to move forward studies in mathematics curiosity (Leikin, 2023). In this 

context, a recent exploratory study of undergraduate students’ narratives on 

mathematical curiosity and its relation to problem solving was carried out by the 

authors (Felmer & Koichu, in progress). In this chapter, we introduced an interview 

methodology, in which explicit questions on curiosity as a desirable human trait were 

asked in proximity to students’ specific collaborative problem solving (CPS) 

experiences so that students can recall their state emotions. With this methodology, we 

addressed two research questions: What do participants in an undergraduate 

mathematics course featuring CPS mean by curiosity and mathematical curiosity? and 

How do the students associate curiosity and mathematical problem solving when 

reflecting on their CPS experiences in the course?  

The data for this research came from undergraduate students at one of the leading 

engineering schools in Chile. The participants were in their second semester in the 

university, taking a Calculus course. Each week, the students participated in two 90-

minute CPS sessions, where they solved problems in of four. The interviews took place 

one or two days after the CPS session and with the same groups that worked together 

during the CPS session. The interview protocol consisted of six questions, but in this 

note we only consider the following two: 

1. Do you think that mathematical curiosity helps to solve problems? 

2. Do you think CPS can help develop mathematical curiosity? 

In CPS sessions, students are organized into random groups and work collaboratively 

on mathematics problems given by the facilitators. Once a group solves a given 
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problem, their members are required to explain to the facilitator how the problem was 

solved and why the solution is correct, only then the group is given the next problem. 

Thus, at the end of the CPS session, most groups will be in the process of solving one 

problem (their last problem). After the CPS session, students do not have the chance 

of having the correct solutions by facilitators, either in written form or in lectures. The 

interaction strategy of facilitators with students is through guiding questions. In 

summary, the main characteristics of CPS sessions are: Random groups, Collaboration, 

Problem (Receiving the problem, working on the solution and reaching a solution), 

Problems-delivering strategy, No official solutions and Interaction strategy.   

In this note we are aiming to explore the relation that students make between the nature 

of the CPS session and curiosity. Precisely, our research question: What characteristics 

of CPS are associated by students with mathematical curiosity? 

The data analysis 

The audio-recorded interviews for 14 students were transcribed and then translated to 

English. Then the translated transcripts of the two questions were organized by 

students. The analysis started by identifying, for each of the 14 students, all single 

sentences having a complete meaning, which we called them segments. The next step 

was to select 43 segments that contain a relation of curiosity or mathematics curiosity 

with the characteristics of the CPS session. In Table 1, we display the number of 

segments associated with each characteristic of CPS, where we omit Random groups 

and Interaction strategy rows because no’s segment associated them with curiosity and 

Problem (reaching a solution) which had only two segments.   

Table 1. in parentheses the number of segments presented later as examples. 

 Question 1 Question 2 
Collaboration 4 (1) 9 (2) 
Problem (receiving the problem) 2 (0) 5 (2) 
Problem (working on the solution) 12 (2) 2 (0) 
Problem (reaching a solution) 2 (0) 0 
Problems delivery strategy 1 (1) 3 (1) 
No official solutions 0 3 (2) 

Students’ narratives 

In this section, we discuss the contents of the segments with the experiences narrated 

by the students. 

Collaboration. Many segments show that students’ mathematical curiosity with 

collaboration, as shown in Table 1. For example, Amelia says that the mathematical 

curiosity of the group members allows advancing on the solution to the problem:  

…because if we all experience this mathematical curiosity, I can come up with ideas because I'm focused on 

seeing this problem [...] and suddenly, I reach a point where I can't go on, but Harold can also feel that 

same curiosity […] and collaboratively sort of form this synergy… (1, Amelia).  

In a different direction, some students mention that they experience curiosity 

experiences on the way their peers think. For example:  
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…there are people who do it very fast, they see it “ah but look, if you do the graph”, and they don't even 

graph it, it's already in their mind, so it causes me a lot of intrigue to notice the... the different types of 

mathematical understanding that exist in people (2, Matthew).  

The number of students (13) making these connections with collaboration is a sign of 

the role that collaboration may have in students’ curiosity when they solve problems.  

Problem (receiving the problem). One source of curiosity that students identify when 

question 2 was asked is the problem itself. One student says, “… sometimes the 

curiosity of... the natural curiosity of - what is this problem like?” (2, Noel). Others 

realize that problems in CPS sessions are not test problems “…there are the test type 

exercises […] but the... the CPS exercises are different, and that opens up more... like 

types of problems that you can solve, and that can generate curiosity in some people” 

(2, Christopher). 

Problem (working on the solution). Students clearly think that curiosity helps them to 

solve problems. In the process of starting to work on the problem:  

… where the educational curiosity lies... when we started to do it eh... we started right away with drawing 

[…] Then it's like...I just solve it, but I think it's like imagining how to solve it or... as well as looking for the 

relationships, that's where it is. (1, Preston). 

In finding different approaches to the problem “It kind of leads you to look for... 

different points of view about the same problem” (1, Damian). When perseverance is 

essential for continuing:   

I remember that mathematical curiosity helped me to... to follow the problem [] I said 

"no, I want to know... I want to know... I want to know... I want to know how this 

thing happens” and I said "you know what? I'm going to continue, I'm going to do it 

again, I'm going to look at it from another angle, I'm going to draw... (1, Noel) 

Problems delivery strategy. When a group solves a problem, it receives a new problem 

and curiosity about the problem is renewed: “Yes, another moment that makes you 

curious would be when you get a... a problem that is kind of easy and you want the 

next one […]  you are kind of curious to see how... how it will be…” (2, Garret). A 

very interesting situation is reported by a student  that did not complete the solution of 

the last problem “I leave, but I keep thinking about the exercise […] and the exercise 

comes to my mind and... and the desire, the curiosity to do it unconsciously tells me - 

well, what if I were to divide this one […]?”  (1, Isabella).  

No official solutions. The following students’ comments may be related to fact that no 

official solution will be delivered to students after CPS session. One student says:  

Yes, because I think that every time you solve a problem, new questions arise, like I 

don't know, when they tell you […] "this function is continuous, invertible, derivable" 

but what would happen if it were not continuous, if it were not...?  then you have new 

doubts that you want to... reflect on and then... it is like a domino effect… (2, Peter) 

and another student feels that even when the problem was solved in the CPS session, 

doubts remain “… but one is also left with many doubts, one is left with many things 

to... to answer, that are generated in this... in this process of solving problems” (2, 

Perry) 
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Discussion 

The analysis of students’ narratives allows approaching their views on curiosity and 

mathematical curiosity and its relationship with the main features of the CPS session, 

where they participate regularly along the semester. Next, we analyze these findings. 

The fact that Random groups are not connected with curiosity may mean that simply 

they do not see relation or because of the questions asked, students deal with the time 

after these random groups were organized. More interesting is that students do not 

connect curiosity with the interaction strategy. This may be associated with the fact 

that this interaction occurs when students need guidance, so when they get it, they have 

a way to continue searching for the solution.  

Among all features of CPS sessions, the higher number of segments are connected with 

Collaboration (13) and Problem (working on the solution) (14). Collaboration is 

connected with question 2, which may mean that students believe that collaboration 

helps to development curiosity. On the other hand, that Problem (working on the 

solution) is mostly related to question 1, may mean that students feel that curiosity is 

important to solve problems, especially when they are fighting with the problem.  

Even though, problem delivery strategy is not associated with many segments, the way 

students express the connection is obvious. The fact that a new problem comes after 

the one solved provokes curiosity. One may ask what would happen if a list of three 

problems is delivered at the beginning of the CPS session. On the other hand, the fact 

that the last problem is usually left unsolved is also identified as a source of curiosity.  

After a CPS session, no official solutions will be delivered to students. This feature left 

students with certain doubts that possibly will later become in questions and even in 

new problems. This feature may also move students to ask new questions once the 

problem is solved. In this way, we see an interesting connection with Problem Posing, 

which is set up once a problem in solved (Cai & Leikin, 2020; Knuth & Peterson, 

2003;) 

Finally, we would like to observe that students’ experiences with mathematical 

problem solving in relation to curiosity that has been studied in this note are in a 

collaborative setting. It would be interesting to study if problem solving sessions are 

implemented with all features of a CPS session, except for collaboration. Would 

narratives go in a similar way?  
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EXPLORING CURIOSITY FROM STUDENTS’ METACOGNITIVE 

BEHAVIORS TAKEN DURING PROBLEM SOLVING 

Hui-Yu Hsu 

Background and Aim of the study 

Curiosity refers to a positive emotional-motivational system associated with the 

recognition, pursuit, and self-regulation of novelty and challenge (Kashdan et al., 2004). 

Literature has recognized curiosity as a significant motivational factor influencing 

learning processes and educational outcomes. Piaget (1969) posited innate curiosity as 

a fundamental drive in cognitive development that can lead learners to actively 

construct knowledge by interacting with their environment. Learners thrive when 

encountering manageable levels of novelty and complexity that embed uncertainty or 

information gaps. Renninger et al. (2015) identified curiosity as a central component 

in developing student interest, emphasizing that cultivating curiosity enhances 

engagement, persistence, and deeper mathematics learning. Pekrun (2019) similarly 

found a positive correlation between curiosity and mathematical achievement, noting 

its mediating role between intrinsic motivation and academic outcomes. Peterson and 

Cohen (2019) specifically elaborated the concept of epistemic curiosity within 

mathematics education, defining it as intrinsic motivation driven by the desire to 

acquire knowledge and resolve uncertainty. They proposed three distinctive attributes 

of mathematical curiosity: recognition of an information gap with a belief in its 

resolvability; heightened arousal characterized by urgency and emotional reactions 

such as excitement or agitation; and behaviors triggered by curiosity (e.g., question-

asking, exploration). 

While previous research primarily investigated how curiosity influences students' 

cognitive behaviors and learning outcomes, relatively few studies have examined the 

specific metacognitive actions students undertake during mathematical problem 

solving. Understanding these metacognitive behaviors help identify particular actions 

and cognitive patterns that potentially foster curiosity. This understanding is 

particularly crucial since curiosity involves actively exploring challenging yet 

manageable problems while maintaining a sense of control. Therefore, deeper 

knowledge of metacognitive behaviors can illuminate how curiosity operates within 

individual students’ mathematical problem-solving experiences and how it interacts 

effectively with the learning environment. Consequently, this study aimed to 

investigate the metacognitive actions of 4th grade and 8th grade students while solving 

high cognitive-demand problems. 

Methodology 

A total of 137 Taiwanese 4th grade students from six classes across three elementary 

schools and 131 Taiwanese 8th grade students from six classes across two middle 

schools participated in this study. Both samples included students with varying levels 

of mathematics achievement. Participants were asked to solve assigned high cognitive-

demand mathematical problems. After completing each problem, students had to 
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respond to two items to illustrate their metacognitive behaviors during the problem-

solving process. Specifically, the study aimed to identify students’ problem-solving 

approaches and their self-perceived strategies when encountering difficulties. Table 2 

presents the two items designed to capture students’ metacognitive behaviors.  

Table 2: Metacognitive items 

Item 1: When solving this problem,  

( ) I understood immediately and completed it quickly. 

( ) I did not know how to solve it at first, but after thinking, I found the solution.  

( ) I attempted using my ideas but encountered difficulties and did not finish.  

( ) I did not know how to solve it initially, and still did not find a solution after thinking.  

( ) I immediately recognized that I could not solve it and did not give it a try. 

Item 2: When thinking about solving this problem, I considered (multiple choices 
allowed):  

( ) Some strategies based on the problem conditions provided and then saw what could 
be done next.  

( ) If  I have encountered similar problems previously that could help solve the problem.  

( ) If I have learned concepts or properties that could be applied to this problem. 

 

Findings 

The analysis results of students’ performance on two high cognitive-demand geometry 

problems showed similar levels of difficulty for both grade levels. The average scores 

were 0.61 for 4th grade and 0.67 for 8th grade. Scoring criteria were as follows: 2 points 

for fully correct answers; 1 point for partially correct answers, and 0 points for incorrect 

or incomplete answers. The comparable performance between grades established an 

appropriate baseline for analyzing differences in metacognitive behaviors during 

problem-solving. 

Table 3 highlighted differences between grades in attempting challenging mathematics 

problems. Initially, 8th graders (28.2%) were slightly more likely to directly complete 

problems compared to 4th graders (22.6%), suggesting greater immediate familiarity or 

confidence. However, a higher proportion of 4th graders (60.6%) completed problems 

through sustained cognitive effort compared to eighth graders (40.5%), indicating 

younger students' greater persistence. Notably, more 8th graders (10.7%) struggled and 

failed compared to 4th graders (1.5%), reflecting the older students' engagement with 

more complex strategies and greater challenge perception. Furthermore, the inability 

to solve problems even after considerable thought was higher among 8th graders (15.3%) 

than 4th graders (8.0%), possibly indicating older students' greater awareness of 

problem complexity. The percentage immediately giving up was slightly higher among 
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fourth graders (7.3%) than eighth graders (5.3%), suggesting younger students may 

more quickly perceive tasks as overly challenging. 

Table 3: Analysis result for item 1 

When solving the problem, I… 4th grade 
students 

8th grade 
students 

Direct completion (I understood immediately and completed it 
quickly) 

22.6% 28.2% 

Effortful completion (I did not know how to solve it at first, but 
after thinking, I found the solution) 

60.6% 40.5% 

Struggled and failed (I attempted using my ideas but 
encountered difficulties and did not finish) 

1.5% 10.7% 

Unable to solve (I did not know how to solve it initially, and 
still did not find a solution after thinking) 

8.0% 15.3% 

Giving up (I immediately recognized that I could not solve it 
and did not give it a try) 

7.3% 5.3% 

 

Table 4: Analysis of the item 2 

During problem-solving process, I considered to 4th 
grade 

students 

8th grade 
students 

Effortful 
completion  

Randomly trying 30.1% 47.2% 
Recalling similar problem-solving experiences 60.2% 43.4% 
Applying prior learned mathematics knowledge  63.9% 54.7% 

Struggled 
and failed 

Randomly trying 50.0% 50.0% 
Recalling similar problem-solving experiences 0% 71.4% 
Applying prior learned mathematics knowledge  50% 35.7% 

Unable to 
solve 

Randomly trying 0% 40.0% 
Recalling similar problem-solving experiences 54.5% 50.0% 
Applying prior learned mathematics knowledge  90.9% 45.0% 

 

Table 4 showed the strategies employed by 4th grade and 8th grade students. For 

students who successfully completed the problems through effortful thinking (Effortful 

completion), 8th graders (47.2%) were more likely to use random trial-and-error 

approaches compared to 4th graders (30.1%). Conversely, 4th graders were more 

inclined to recall similar problem-solving experiences (60.2%) and apply previously 

learned mathematical knowledge (63.9%), compared to 8th graders (43.4% and 54.7%). 

For students who initially tried but eventually failed (Struggled and failed), both grades 

equally relied on random attempts (50.0%). However, while none of the 4th graders 

explicitly recalled similar experiences (0%), a substantial majority of 8th graders 

(71.4%) did so, suggesting older students were more likely to rely on prior experience 

even when unsuccessful. Interestingly, 4th graders more frequently applied learned 
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mathematical knowledge (50%) than 8th graders (35.7%) in this scenario. In cases 

where students were unable to solve the problem at all (Unable to solve), 8th graders 

commonly resorted to random trial approaches (40.0%), whereas none of the 4th 

graders did so (0%). Furthermore, both grades similarly relied on recalling similar 

experiences (54.5% for 4th graders; 50.0% for 8th graders). However, a significant 

difference appeared in the application of learned mathematical knowledge, where 

almost all 4th graders (90.9%) attempted this strategy, compared to fewer 8th graders 

(45.0%). 

Discussions 

The study indicated that 4th grade typically demonstrated higher persistence and 

effortful problem-solving approaches, though slightly fewer felt immediately confident. 

8th grade showed a higher likelihood of immediate recognition or direct completion, 

but they also encountered more significant challenges, reflected by higher failure and 

"unable to solve" percentages. In addition, 4th grade students demonstrate greater 

reliance on formal knowledge and structured approaches, whereas 8th grade students 

show a higher tendency towards random exploration and recalling prior problem-

solving experiences. These results highlight developmental differences in 

metacognitive approaches and provide insights into the intertwined relationship 

between curiosity and mathematical problem solving. 

 

CONCLUDING NOTES 

As mentioned earlier in the introduction part of this document, we see this Research 

Forum as a promoter for evoking curiosity within the PME community about the 

construct of mathematical curiosity and for advancing research in this area. We believe 

that the collection of short study descriptions included in this document exemplifies 

the viability of curiosity-focused research in mathematics education. 

The Research Forum participants employed a variety of research methodologies: 

historical analysis (by Karp), review study (by Schukajlow et al.), reflective account 

of personal experience (by Zazkis), task analysis (by Cai and by Zazkis), empirical 

qualitative study (by Felmer & Koichu), and empirical quantitative study (by Hsu). 

The studies utilized different research tools, including mathematical tasks such as 

problem-solving (Zazkis and Hsu), problem-posing (Cai & Robinson), and 

mathematical investigations (Zazkis). Karp's study focused on textbook analysis, 

Felmer and Koichu conducted individual interviews on students' conceptions of 

mathematical curiosity, while Hsu employed Likert scale questionnaires. 

Several works included analysis of curiosity-linked task design. Karp's examination of 

mathematics educational policy and mathematical textbooks (across several centuries) 

led to characterization of educational curiosity-directed instructional approaches (i.e., 

aimed at the development of mathematical curiosity) and curiosity-evoking tasks (i.e. 

tasks that serve a trigger for curios exploration). In contrast to Karp, Zazkis's work 
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focuses on curiosity-driven tasks design (i.e., process that embeds curiosity) evoked by 

the feeling of uncertainty during mathematical investigations and problem solving. Cai 

and Robinson connect problem-posing with question asking, which is typical for a 

curious state, and argue that curiosity is exhibited in problem-posing activities. They 

analyze several problem-posing tasks from the perspective of their power to evoke 

curiosity and examine the quality of posed problems as a function of curiosity. 

The two empirical studies included in this paper involved participants of different ages, 

and we believe that similar investigations can be performed with teachers and students 

across various age groups and ability levels. 

The research on mathematical curiosity has many open questions that we invite PME 

participants to discuss. Some of the issues and questions we will address are: 

Historical perspectives on mathematical curiosity  

• What role does curiosity play in mathematical research and how has it evolved 

throughout history? 

Theoretical perspectives on curiosity in mathematics education 

• What philosophical and psychological theories have been adopted when 

developing theoretical bases of curiosity in mathematics education? 

• What cognitive, affective, and social factors affect curious mathematical 

thought? 

• What psychological and neuropsychological mechanisms drive curiosity-based 

mathematical processing? 

The nature and nurture of curiosity-driven mathematics instruction 

• What is the nature of the mathematical tasks and instructional strategies that 

stimulate students' curiosity? 

• What are the challenges and barriers when implementing curiosity-driven 

instruction in mathematics classrooms? 

• Are there specific types of mathematical problems/tasks/activities (e.g., 

modelling tasks) that more effectively stimulate curiosity-driven explorations? 

The role of technology in encouraging curiosity-driven instructional processes 

• What kinds of technological tools (e.g., AI, educational platforms, games) be 

used to promote curiosity-driven mathematical explorations? How can they be 

used effectively? 

Tools for measuring curiosity 

• What are reliable measures and methods for measuring students’ curiosity levels 

during mathematical instruction? 

Impact of curiosity on students’ learning and performance 
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• How does encouraging curiosity influence students’ mathematical performance, 

creativity, and persistence in problem-solving? 

• How does curiosity impact student engagement and motivation in mathematics? 

• What long-term effects does curiosity-driven instruction have on students' 

mathematical performance and attitudes toward mathematics? 

• How does curiosity-driven instruction affect students with different levels of 

mathematical achievement? 

Differentiation and inclusion in curiosity-driven instruction 

• How does curiosity-driven instruction affect students with different needs and 

abilities? 

• What modifications can make curiosity-driven instruction accessible to students 

with different learning needs? 

Curiosity across different age groups 

• How does curiosity function differently in early childhood mathematics 

education versus higher-level mathematical instruction? 

• Can early interventions foster curiosity to have long-term impacts on students’ 

attitudes toward mathematics? 

Teachers’ role in fostering curiosity 

• What role does teachers' curiosity play in the effectiveness of curiosity-driven 

instruction? 

• How do teachers’ beliefs about curiosity and learning affect their instructional 

practices in mathematics? 

Teacher education and professional development 

• What professional development programs can help educators understand and 

effectively implement curiosity-driven teaching methods in the mathematics 

classroom? 

Note: Expanded versions of the RF presentations will be included in the edited book 

by Leikin, Cai, and Karp (in press). Mathematical Curiosity: Conceptualizations and 

Multiple Perspectives.  
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