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Abstract 

As countries around the world seek to increase student achievement and engagement in 

mathematics, inquiry-based learning (IBL) has become increasingly popular (Artigue & 

Blomhøj, 2013). The purpose of this research was to explore how a group of year five 

students perceived engagement and problem-posing during an IBL mathematical problem-

posing investigation, and to explore the instructional strategies that supported the students in 

problem-posing. This qualitative, single instrumental case-study involved 17 students (9- to 

10-year-olds) and one teacher from an independent school in South-East Queensland,

Australia. The researcher led a two-week, open, mathematical investigation, which required 

students to develop their own investigation questions based on a video prompt. Data were 

collected through video observations, student work samples, and semi-structured interviews 

with the students. Thematic analysis and triangulation of the data revealed three themes 

related to engagement: collaborative learning, enjoyment and interest, and cognitive 

engagement and transfer of learning, and one theme related to problem-posing; confidence.  

The findings suggest that the IBL mathematical problem-posing investigation was 

behaviourally, emotionally, and cognitively engaging for the students because it created a 

learning environment for the students to collaboratively work with their peers, make 

autonomous choices about their learning, build peer relationships, and challenge themselves. 

Additionally, the novelty of the experience played a role in student engagement during the 

IBL investigation. The findings also suggest that although the students felt confident to 

problem-pose, they required teacher support and scaffolding to make connections between 

the video and mathematics, and to mathematise their ideas. Implementing the IBL 

mathematical problem-posing investigation was beneficial for student engagement in 

mathematics; however, further research is required to examine the intricates of this type of 

investigation, and its impact on learning. 
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Chapter 1: Introduction 

Over the past decade, inquiry-based learning (IBL) has become increasingly 

prominent in educational curriculum and policy as countries look to increase student 

achievement and engagement (Artigue & Blomhøj, 2013). More recently, there has also been 

an increased interest in the use of IBL in mathematics education in an attempt to re-engage 

students with mathematics (Dorier & Maaß, 2020). For example, in response to declining 

achievement and engagement in mathematics and science, the European Union has invested 

heavily in research into, and the development of, IBL. Subsequently, several studies have 

reported the positive effect of IBL on mathematics learning (Dorier & Maaß, 2020). In 

Australia, the emphasis of IBL in mathematics has been encouraged by the Office of the 

Chief Scientist (2013) as a way to improve learning in mathematics.  

In this study, student perceptions of engagement and problem-posing during an IBL 

mathematical problem-posing investigation were explored. The first objective was to explore 

student perceptions of engagement in relation to the mathematics investigations and problem-

posing. The second objective was to explore student perceptions of ability to problem-pose 

during the investigation, as well as to develop an understanding of the instructional strategies 

that supported the students to problem-pose during the investigation. Semi-structured 

interviews with students, video observations, and students’ work samples were used to 

understand engagement and problem-posing during the IBL investigation from their 

perspective. One class of Year 5 students created their own mathematical investigations, 

based on a video stimulus related to tennis, which was presented by the researcher. The 

students worked in collaborative groups of two or three and were able to devise any 

mathematical investigation around the broad theme of tennis, embodying a free problem-
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posing situation (Stoyanova & Ellerton, 1996). They had two-weeks to complete their 

investigation and were interviewed in pairs at the culmination of the two-weeks.   

Inquiry-Based Learning (IBL) 

Although the use of inquiry-based learning in mathematics is less established than in 

science education (Artigue & Blomhøj, 2013), many experts believe it should be adopted 

over the more teacher directed, didactic methods of teaching mathematics (See Dorier & 

Maaß, 2020). Through real-life rich mathematical tasks and open investigations, students 

have the opportunity to develop their understanding through diagnosing problems, 

experimenting with solutions and alternatives, planning investigations, answering purposeful 

questions, and forming coherent arguments (Boaler, 2015; Dorier & Maaß, 2020; Linn et al., 

2004). IBL provides the structure for students to engage with ill-structured problems, similar 

to those that they would encounter in real-life, through defining the problem and seeking 

ways to address it (Makar, 2012). IBL creates a sense of ownership over learning, encourages 

collaboration, develops curiosity, and allows students to gain a deeper understanding through 

the process of learning (Artigue & Blomhøj, 2013; Makar et al., 2014; Murphy et al., 2021). 

In this thesis, the definition of IBL is based on previous studies and refers to the classroom 

practices and pedagogy which encourage students to pose questions, explore, form 

connections and ideas, communicate and justify answers, and work collaboratively with their 

peers (Calder, 2015; Dorier & Maaß, 2020; Maaß & Artigue, 2013; Maaß & Doorn, 2013). 

Additionally, the teacher supports pupils through questioning, scaffolding and intentionally 

decreasing levels of teacher support.   

Engagement 

Engagement is multifaceted and complex, and is commonly conceptualised in three 

ways; behavioural, emotional, and cognitive (Watt & Goos, 2017). Behavioural engagement 

in defined as the individual’s active participation, their effort, persistence, and on-task 
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behaviour (Attard, 2012a; Fredricks et al., 2004). It is identified by observing self-directed 

behaviours such as raising hands, participating in discussions, asking questions, and actively 

engaging with teachers and peers ((Böheim et al., 2020; Fredricks et al., 2004; Skilling, 

2014). Emotional engagement is defined as an individual’s enjoyment and interest, and 

encompasses student interests, attitudes, and values (Attard, 2012a; Fredricks et al., 2004). It 

is difficult to observe and is often self-reported, but considers students’ willingness to take on 

challenges, their sense of belonging, and focuses on both positive and negative emotions, and 

their impact on learning. Cognitive engagement is defined as an individual’s investment in 

learning and their ability to maintain effort despite distractions, display flexibility in problem 

solving, make connections between ideas, and exert effort to develop complex ideas and 

understanding (Fredricks et al., 2004; Skilling, 2014). 

Problem-posing 

 Although having students’ problem-pose is not a new phenomenon (Hadamard, 

1945), it less commonly used by teachers than other pedagogical approaches and has only 

recently started to appear as a teaching approach in curriculum documents (Bonotto & Dal 

Santo, 2015). Problem-posing is defined as the process in a mathematical experience where 

students construct personal interpretations and formulate mathematical problems (Stoyanova 

& Ellerton, 1996). Problem-posing aligns with the Australian curriculum component, 

Working Mathematically, which stipulates that students should formulate and solve 

problems, and design investigations (ACARA, 2016). Dissimilar to other studies on problem-

posing (Cankoy, 2014; Silver & Cai, 1996), in this study the participants were able to create 

problems with insufficient information. The students were required to research additional 

information required to complete their investigations.  
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Research Focus 

 This study seeks to understand student perceptions of engagement and problem-

posing during an IBL mathematical problem-posing investigation. Additionally, it aims to 

contribute to understanding the types of instructional strategies that support student problem-

posing. The proposed study will explore the student perceptions vis-à-vis the video 

observations, student work samples, and current literature. This research was guided by two 

main questions and one related sub-question. The main research questions are:  

1. How do Year 5 students perceive engagement in mathematics during an IBL 

mathematical problem-posing investigation? 

2. How do Year 5 students perceive their ability to problem-pose using a video 

prompt as stimulus during an IBL mathematical problem-posing investigation?  

The sub-question is: 

2b. What instructional strategies supported the students to problem-pose during the 

IBL investigation?  

 As the questions indicate, this study does not attempt to measure or quantify the 

extent to which the students are engaged or the quality of the posed problems. Rather, it 

investigates the student perceptions of engagement and problem-posing. By adding the sub-

question, the study is able to provide a more nuanced and richer story of the IBL 

mathematical problem-posing investigation. 

Research Context 

This research was conducted as part of the researcher’s Master of Education and 

Professional Studies program. It was conducted at an independent school in South-East 

Queensland, Australia. The participants, who will be referred to as students from this point 

forward, were from middle to high socio-economic backgrounds and represent a diverse 
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range of ethnicities. The class consisted of 17 students: 8 boys and 9 girls, and one 

participating teacher.  

The school primarily teaches the Australian curriculum though student-centred, 

individual pathways and students are engaged in a range of pedagogies throughout each day. 

The students learn mathematics through Maths Pathway (2022), an online teaching and 

learning model, which individualises the curriculum for each student. Maths Pathway (2022) 

is organised in a modular format, and students work on individual pieces of learning on a 

computer and on worksheets. Students engage in online tutorials, mini workshops, and take 

fortnightly paper tests to identify growth and areas for improvement. Other areas of the 

curriculum are taught through integrated units, focused language lessons and discovery 

learning based on personal interests. Students have some experience with IBL, and regularly 

pose questions for personal investigations related to interests. They have not previously posed 

mathematical questions.  

Significance of study 

The prevalence of IBL within curriculum and educational policy has steadily increased as 

countries look to re-engage students and improve achievement levels (Artigue & Blomhøj, 

2013; Dorier & Maaß, 2020). As has occurred around the world, Australia has also identified 

a decrease in participation and interest in mathematics (ACER, 2019; Attard & Holmes, 

2019; Kennedy, 2014; Wall, 2016). However, Australia has not responded with the same 

urgency that has been noted in many other countries. As noted, this study seeks to develop an 

understanding of student perceptions of engagement and problem-posing during an IBL 

mathematical problem-posing investigation. Understanding ways to re-engage learners will 

help inform how the teaching of mathematics can be improved. It is important that these links 

are explored within an Australian context, as the continued decrease in mathematics 

engagement and achievement is likely to be detrimental for the Australian economy (Office 
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of the Chief Scientist, 2013) as well as for individual student life opportunities and success 

(Attard, 2013). This project specifically sought to develop understandings based on student 

perceptions, students are at the centre of teaching and learning, it is important to consider 

their view. 

Organisation of thesis 

 In Chapter 2 of this thesis the relevant literature is reviewed, including IBL, 

engagement, and problem-posing in mathematics education, as well as potential connections 

between these three themes. The methodology and research design of the study are presented 

in Chapter 3, and the results and discussions are presented together in Chapter 4 drawing on 

relevant literature. Chapter 5 concludes the thesis with a discussion on the implications, 

limitations, and recommendations for future research.  
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Chapter 2: Literature Review 

 The focus of this research project is to understand student perceptions of engagement 

and problem-posing during an IBL mathematical problem-posing investigation. Additionally, 

it aims to contribute to understanding the types of instructional strategies that support student 

problem-posing.The theoretical framework, and the literature reviewed for this study, are 

based upon definitions and current theories of IBL, engagement, and problem-posing in 

mathematics. The synthesis of the literature in this chapter focuses on these themes and seeks 

to understand the potential connections between them. Initially, IBL will be defined and 

discussed, with a specific focus on current research in mathematics and the connections 

between IBL, problem-posing, and engagement. Second, the different dimensions of 

engagement, how it is identified, and the impacts of engagement on student learning will be 

discussed. The third section will focus on the idea of working mathematically, the 

pedagogical shift from problem-solving to problem-posing, and the factors which influence 

effective problem-posing. The chapter will conclude with an overview of the connections 

between these research areas.  

Inquiry-based learning (IBL) 

Although the prevalence of IBL within curriculum and educational policy has 

increased in recent times (Artigue & Blomhøj, 2013; Dorier & Maaß, 2020), the idea of IBL 

is not new. First theorised by Dewey (1938), IBL is based on the educational philosophy 

known as constructivism (Blessinger & Carfora, 2015). Dewey established the idea that 

learning is an adaptive process where the learner is encapsulated in the experience, making 

connections between ideas and developing general habits of mind for learning through 

reflective inquiry (Dewey, 1938). Other key theorists, including Vygotsky, Piaget, and 

Bruner, have also contributed to the foundations of IBL. Vygotsky developed the idea that 

knowledge is constructed by individuals and discussed the connection between social 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING  
DURING AN IBL MATHEMATICAL INVESTIGATION 

17 

constructivism and learning (Herman & Pinard, 2015; Koszalka & Wu, 2004). Piaget 

believed that personal engagement and self-discovery were essential components for 

cognitive development and change, theorising four stages of development, and the idea that 

students should be provided opportunities to work together, use concrete materials, and 

construct their own understanding using prior knowledge and carefully crafted learning 

opportunities (Herman & Pinard, 2015; Lefa, 2014). Bruner promoted the idea that knowing 

is a process not a product and that learning is an active process, which involves reasoning and 

the construction of knowledge (Herman & Pinard, 2015; Takaya, 2008). The theories of these 

and other scholars have been combined and integrated and are known by various terms such 

as discovery learning, problem-based learning, inquiry learning, experiential learning, and 

constructivist learning (Kirschner et al., 2006). Although each term has its own uniqueness, 

they all share their theoretical foundations in the educational philosophy of constructivism 

(Blessinger & Carfora, 2015). From a constructivism perspective, learners construct meaning 

through experiences and the prior experiences of learners are acknowledged and valued 

(Herman & Pinard, 2015). Bruder & Prescott (2013) discuss three types of inquiry:  

• Structured Inquiry: The teacher gives the students a problem or question to be solved 

as well as the appropriate method and materials to solve it.  

• Guided Inquiry: The teacher provides the students with the problems or questions 

and the necessary materials. The students have to find the appropriate problem-

solving strategies and methods.  

• Open Inquiry: The students have to find problems or questions they would like to 

solve and answer. They also decide upon the methods and materials they would like 

to use. (Bruder & Prescott, 2013, p.812).  

Within this study, the term IBL refers to classroom practices in which students pose 

questions, explore, research, form ideas, and communicate findings collaboratively. Within 
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these practices teachers support pupils through questioning, scaffolding, and diminishing 

teacher support (Dorier & Maaß, 2020; Maaß & Doorn, 2013; Maaß & Artigue, 2013; Calder, 

2015). 

 Over the past decade, IBL has become increasingly more prominent in educational 

policy and curriculum as countries look to increase student engagement and achievement 

(Artigue & Blomhøj, 2013). The rise of IBL has been most notable in science education, with 

many studies contributing to the understanding that inquiry-based approaches better serve 

students (Furtak et al., 2012), and are more effective than teacher-led approaches when 

students are supported adequately (Dorier & Maaß, 2020; Lazonder & Harmsen, 2016). 

However, more recently, there has been increased interest in the use of IBL in mathematics 

education, in part due to the increasingly shared view that mathematical concepts may be 

understood through experimental practice and are not purely deductive (Dorier & Maaß, 

2020). In addition, IBL is seen as a means to improve engagement and achievement in 

mathematics education (Artigue & Blomhøj, 2013; Dorier & Maaß, 2020). For example, as 

noted in the introduction, in response to declining achievement and engagement, the 

European Union has invested heavily in research into, and development of, IBL. The project, 

Promoting Inquiry in Mathematics and Science Education Across Europe (PRIMAS), was a 

large-scale, international study involving 12 European countries and 14 universities over a 4-

year period (PRIMAS, 2013). It examined inquiry-based pedagogy and sought to develop 

best practices for implementing IBL in mathematics and science (PRIMAS, 2013). One key 

factor identified by PRIMAS (2013) was the role of teachers’ dispositions towards 

implementing IBL and the influences of differing cultures, practices, and curricula on IBL 

implementation. Murphy et al. (2021) explain that “teachers and students' dispositions have a 

major influence towards the introduction of inquiry-based learning (IBL)” (p.1). Through an 

analysis of pre-professional development interview data from teachers and students in Qatari 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING  
DURING AN IBL MATHEMATICAL INVESTIGATION 

19 

middle school mathematics and science classrooms, Murphy et al. (2021) found that teacher 

and student perceptions about IBL need to be considered when designing programs and 

training. Voet and De Wever (2019) support this, finding that teachers lack familiarity with 

the key principles of IBL, which makes it difficult to implement successfully. The lack of 

training, and more specifically the lack of consideration of teacher and student perspectives, 

is one of the reasons why IBL is not yet a widely adopted approach (Voet & De Wever, 

2019).  

 In Australia, the emphasis of IBL in mathematics has been highlighted by the Office 

of the Chief Scientist as a way to improve learning in mathematics (Office of the Chief 

Scientist, 2013). Makar and Fielding-Wells (2018) conducted a 3-year study which aimed “to 

create new knowledge about inquiry norms in primary mathematics classrooms” (p.53). The 

study involved identifying IBL practices (through the analysis of 1 000 video archived 

inquiry lessons) that enhance classroom norms and facilitate learning; engaging expert IBL 

teachers to collaboratively design professional development; and working with beginning 

teachers to develop mathematical inquiry practices (Makar & Fielding-Wells, 2018). One 

case-study from within the longitudinal study focused on the capacity of inquiry pedagogy to 

promote proportional reasoning in primary school students (Fielding-Wells et al., 2014). The 

inquiry approach focused on immersing students in addressing ill-structured problems, which 

allow for multiple interpretations of a question, numerous pathways, and a range of solutions 

(Fielding-Wells et al., 2014). The inquiry was structured into five phases based on current 

literature:  

• Phase 1 was to ‘hook’ the students to engage them in the context and purpose of the 

inquiry and develop questions;  

• Phase 2, known as ‘devise’ involved mathematising the inquiry question and 

developing a plan;  
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• Phase 3, ‘develop’ engaged students in carrying out the plan and deepening 

mathematical ideas;  

• Phase 4, ‘defend’ included students reporting findings and considering other 

approaches and generating new questions; and  

• Phase 5, ‘diverge’, had students connect ideas to other areas of learning and transfer 

understanding to new problems (Fielding-Wells et al., 2014).  

The study found that a classroom culture of inquiry and argumentation, combined with 

the inquiry model, provided an effective structure for the students to develop their 

understanding. Brown (2017) investigated the use of collective argumentation in primary 

mathematics classrooms. Participants were coached in a problem-solving approach that 

required students to develop solutions to problems, compare representations with their peers, 

explain and justify solutions, and then develop a consensus with their group regarding a 

solution to be presented to the whole class (Brown, 2017). This process, which has been 

identified as a practise of IBL (Fielding-Wells et al., 2014), scaffolds students to demonstrate 

persistence with learning mathematics, and has been found to have a positive effect on 

student engagement (Brown, 2017).  

 Other research projects have investigated different aspects of IBL such as teacher 

training (Fielding-Wells et al., 2017: van Uum et al., 2019); learning outcomes and student 

achievement (Tawfik et al., 2020; Thomas, 2000); connection to indigenous ways of knowing 

(Perso, 2003); learning environments (Boaler, 2018; Brough, 2012); and student motivation 

and engagement (Dorier & Maaß, 2020). Whilst there are some criticisms of IBL, such the 

depiction that IBL involves minimal guided instruction (Kirschner et al., 2006), and that 

learners do not need to be taught to construct knowledge (Sweller, 2011), there is also a 

considerable amount of evidence that supports it as an approach that actively engages 
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students in their learning. More specifically, inquiry in mathematics has been found to 

support the development of meaning making and collaborative norms and 

has been increasingly recognised for its potential to develop students' deep 

understanding, resilience and capacity to cope with uncertainty and 

setbacks, interest and engagement in mathematics, self-reliance and 

creativity in solving problems and ability to transfer their mathematics 

learning to complex and authentic problems (Fielding-Wells et al., 2014, 

p.49).  

Within this study, it is not necessary for the participants to fully understand all the 

elements of IBL. Instead, they will be guided to develop their own questions and work 

collaboratively through an open mathematics investigation which embodies IBL. 

Engagement  

Along with a declining student interest in mathematics, many countries, including 

Australia, have seen declining results in international assessments e.g., PISA, decrease 

(Attard, 2012b; Australian Council for Educational Research, 2019; Dorier & Maaß, 2020; 

Sträßer, 2017). Brown (2017) explains that “the problem of engaging students with learning 

is not recent nor is it confined to Australia” (p.184), with studies being documented in 

various parts of the world. Thus, the need to improve engagement levels across all ages is of 

concern, and engaging students positively with mathematics early in primary school is a 

necessary first step. Attard (2012b) attests that engagement at this level is “crucial if students 

are to develop an appreciation for and understanding of the value of mathematics learning” 

(p. 22). In a review of Australian mathematics education, Sullivan (2011) suggests that a key 

reason why students are disengaging with mathematics is that they receive inappropriate 

learning and teaching processes. The six key principles for effective teaching of mathematics, 

as outlined in Sullivan’s review are: articulating goals, making connections, fostering 
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engagement through rich tasks, differentiation, adoption of pedagogies that foster 

communication and responsibility, and the promotion of fluency and transfer of learnt skills 

(Sullivan, 2011). The effect of disengagement in mathematics (Attard & Holmes, 2020; 

Kennedy et al., 2014; Wall, 2016) could have significant implications in the future for the 

Australian economy and individual life opportunities and success. Therefore, it is essential 

that educators develop ways of engaging students in mathematics from an early age. 

Engagement is multifaceted but is commonly conceptualised in three ways; 

behavioural, emotional (or affective), and cognitive (Watt & Goos, 2017) and each dimension 

can significantly impact student engagement in the classroom. Behavioural engagement 

refers to what the students are doing; participation, effort, persistence, and on-task behaviour 

(Attard, 2012a; Fredricks et al., 2004). It can be identified by observing student’s self-

directed behaviours such as asking questions, raising their hands, participating in discussions, 

and actively engaging with their peers (Böheim et al., 2020; Fredricks et al., 2004; Skilling, 

2014). Emotional engagement involves enjoyment and interest (Skilling, 2014), and 

incorporates student attitudes, interests, and values (Attard, 2012a; Fredricks et al., 2004). It 

is a consideration of students’ willingness to take on challenges, their sense of belonging, and 

focuses on both positive and negative aspects of student reactions to school, teachers, and 

activities (Fredricks et. al, 2004). It is the emotional element and considers whether students 

are experiencing boredom, happiness, sadness, or anxiety (Fredricks et al., 2004; Fredricks, 

2011) and the impact of these elements on learning. The idea that emotion can affect the 

cognitive processes in humans is well developed, and it can positively or negatively influence 

a student’s perception, attention, learning, memory, reasoning, and problem-solving ability 

(Tyng et al., 2017). Cognitive engagement focuses on self-regulated learning and personal 

investment in learning (Fredricks, 2011). It considers intrinsic motivation and how students 

control and manage tasks, maintain effort despite distractions, display flexibility in problem 
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solving, make connections between ideas, and exert effort to develop complex ideas and 

understanding (Fredricks et al., 2004; Skilling, 2014).  

Attard has completed various studies investigating student engagement in 

mathematics and attests to the importance of all students developing an appreciation for, and 

understanding of, the value of mathematics learning (Attard, 2013, 2012a, 2012b, 2011; 

Attard & Holmes, 2019). She examines engagement through a mathematical lens and 

contends that engagement occurs when students enjoy learning mathematics, value, and see 

mathematics learning as relevant to their own lives, and make connections between the 

mathematics they learn at school and the mathematics they use outside of school (Attard 

2012a). Attard (2012a), as part of a 3-year longitudinal study, analysed Year 6 student 

perceptions on engagement in mathematics and developed The Framework for Engagement 

with Mathematics. The lessons that students found engaging had elements of choice and 

creativity, as well as strong connections and relevance to the real world (Attard, 2012a). 

These aspects, as well as differentiation, helped them to develop a sense of control over their 

own learning, empowering them and engaging them in the content and process (Attard, 

2012a). The Framework for Engagement with Mathematics is a combination of “current 

understandings of engagement, literature on ‘good’ teaching of mathematics, and students’ 

own voices” (Attard, 2012a, p.12). The framework consists of three sections: domains of 

engagement (behavioural, affective, and cognitive student behaviours), pedagogical 

relationships, and pedagogical repertoires (Attard 2012a, 2012b). Although each specific 

aspect of the framework cannot be embedded in every lesson, it is important to consider these 

factors when designing learning experiences. Some key repertories from the framework, 

which align with IBL learning engagement utilised in this project, include regular interaction 

between students, and students and teacher, substantive conversation within the classroom, 
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opportunities for all to achieve, the element of choice, connection to real-life, and a variety of 

tasks (Attard, 2012a, 2012b).  

Research regarding engagement, and more specifically emotional engagement, is 

often intertwined with motivation; therefore, to gain a holistic perspective of engagement, it 

is critical to consider how they are related (Fredricks, 2011; Fredricks et al., 2004; 

Grootenboer & Marshman, 2016). Fredricks et al. (2004) explains that although the label 

“engagement” is somewhat problematic - as it is a “proliferation of constructs, definitions, 

and measures of concepts that differ slightly” (p.60), it is still useful when exploring contexts 

where multiple aspects are considered. McInerney (2019) defines motivation as “the 

psychological construct ‘invented’ to describe the mechanism by which individuals and 

groups choose particular behaviour and persist with it” (p.427). In relation to school, 

students’ attitudes, interests, values, and emotions considerably impact their willingness to 

engage and participate in learning; therefore, it is essential to consider these components. In 

recognition of this, and as a response to a decline in mathematics engagement, Grootenboer 

and Marshman (2016) collated and critiqued research “into the affective dimension of 

mathematics education” (p.1), focusing on the middle school years (students aged 10-14 

years), given that a notable decline in engagement during these years is evident. Although not 

specifically focused on engagement or motivation, they acknowledge the interconnectedness 

of these elements and their impact on student learning (Grootenboer & Marshman, 2016).  

Fredricks and McColskey (2012) also acknowledge that various motivational 

constructs have been developed and refer to motivation as “the underlying reasons for a given 

behaviour” (p.765). They consider the self-system model of motivational development as a 

theoretical model for understanding engagement and motivation (Fredricks & McColskey, 

2012). The model focuses on three fundamental motivational needs: competence, autonomy, 

and relatedness, and assumes that if “schools provide children with opportunities to meet 
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these three needs, students will be more engaged” (Fredricks & McColskey, 2012, p.765). 

Skinner et al. (2008) elaborate on these aspects explaining that competence refers to student 

perceptions of self-efficacy, ability, academic competence, and control, which are predictors 

of their effort, persistence, and resilience; whilst the autonomy aspect “holds that individuals 

are born with the need to express their genuine preferences and act in congruence with their 

true selves; the extent to which individuals experience autonomy in a particular domain is 

related to the quality of their engagement in that domain” (Skinner et. al., 2008, p.767). In 

addition, student autonomy is linked to achievement, engagement, persistence, and learning. 

The final aspect, relatedness, suggests that all individuals have an innate desire to 

connect and that sense of belonging supports engagement (Skinner et. al., 2008). These 

aspects align with the ideas presented by Sullivan and McDonough (2007), who claim that 

two sets of factors must be present to engage students. The first set includes four elements: 

students essential prior knowledge, a relevant curriculum, interesting classroom tasks, and 

pedagogies and assessment practices that align with student expectations (Attard & Holmes, 

2019; Sullivan & McDonough, 2007). The second set includes three elements: students can 

relate to learning goals, willingness to persist, and a positive perception that participation in 

schooling creates opportunities (Attard & Holmes, 2019; Sullivan & McDonough, 2007). 

Student engagement is thus a multidimensional concept, which can be viewed from many 

different perspectives and lenses; however, the connections and similarities between the 

different theories and frameworks discussed is evident.  

The impacts of the learning environment should also be considered when evaluating 

student engagement, as the student and their environment cannot be separated (Fredricks & 

McColskey, 2012). Watt et al. (2017) considered this connection and utilised data from the 

“Best Practice in Mathematics Education” (BPME) study, an initiative of the Australian 

Office of the Chief Scientist (2015), to explore profiles of mathematics engagement and 
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relationships with learning environment dimensions among Australian primary/lower 

secondary students” (p.167). Using the various engagement theories and frameworks, the 

study aimed to determine “whether engagement profiles (across behavioral, emotional, 

cognitive dimensions) may exist, and, how these map to experienced learning environments” 

(p.168). Surveying 551 students, taught by 37 teachers, in 15 Australian schools, Watt et al. 

(2017) concluded that student engagement profiles are malleable. Students experience 

competency, autonomy, and relatedness need satisfaction when key learning environment 

features, such as classroom goal structure, teacher enthusiasm, and school caring are 

implemented (Watt et al., 2017). Individual motivational factors alone are insufficient (Watt 

et al., 2017).  

The study of engagement in mathematics education is well developed, with over 40 

years of research existing on its various aspects (Fredricks & McColskey, 2012; Leder & 

Grootenboer, 2005). It is complex and multidimensional; however, developing a more 

comprehensive understanding of the complexities of school experiences, from the students’ 

perspective, will support educators to design learning experiences and interventions more 

effectively. The ability of future citizens to successfully interpret everyday experiences, and 

positively contribute to the Australian economy, depends on their engagement in education 

(Boaler, 2015; Sullivan et al., 2006).   

Problem-posing 

 Mathematical problem solving takes on many different forms and has long been 

established in school curricula (Stanic & Kilpatrick, 1988). Over time, the terms “problems” 

and “problem solving” have taken on varied and often opposing meanings (Schoenfeld, 

2017). Mason and Davis (1991) define a problem as something that intrigues a learner so that 

they become motived and challenged by the question or task. Additionally, it is does not have 

an obvious answer or clear path to resolution (Mason & Davis, 1991). However, problems 
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presented in mathematics classrooms have often been focused on practicing a particular 

mathematical technique demonstrated by the teacher, through routine exercises (Schoenfeld, 

2017). More recently, there has been a shift to thinking and working mathematically 

(Jorgensen et al., 2020), which involves engaging students in working collaboratively on a 

range of problems and investigations (Jorgensen et al., 2020; Schoenfeld, 2017). In Australia, 

‘Working Mathematically’ is a core component of the curriculum, enacted through the four 

proficiencies: Understanding, Fluency, Reasoning, and Problem-solving (Australian 

Curriculum Assessment Reporting Authority, 2016; Jorgensen et al., 2020). The curriculum 

(ACARA, 2016) specifies that students should develop “the ability to make choices, interpret, 

formulate, model and investigate problem situations, and communicate solutions effectively” 

(Key Ideas, para.4). Additionally, students should formulate and solve problems when they 

use mathematics to represent unfamiliar or meaningful situations, design investigations and 

plan their approaches, apply their existing strategies to seek solutions, and verify that their 

answers are reasonable (ACARA, 2016). Schoenfeld (2017) explains that this shift not only 

requires changes to curricular content, but also to instructional style, with an emphasis on 

children seeking solutions, exploring patterns, and formulating conjectures, rather than 

memorising procedures, formulas and doing exercises. 

 It has been posited that problem-posing may play a significant role in this change 

(Singer et al., 2015). Stoyanova and Ellerton (1996) define problem-posing as the process in 

a mathematical experience where students construct personal interpretations and formulate 

them as meaningful mathematical problems. Having students formulate and pose their own 

problems is not a new phenomenon (Hadamard, 1945); however, it is less commonly used by 

teachers than other pedagogical approaches and has only recently started to appear in 

curriculum documents (Bonotto & Dal Santo, 2015). Singer et al. (2015) explain that support 

in favour of problem posing in school mathematics is positioned from at least two directions, 
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with the first being historical, demonstrating that problem posing is an agent of change, and 

the second being futuristic, with the knowledge economy and society increasing pressure on 

educational systems. While “contemporary interest in mathematical problem posing 

continues to be strong in the realm of school mathematics and pedagogy” (Silver, 2013, 

p.158), researchers are still developing an understanding of the effects of problem-posing 

activities on engagement, and the instructional strategies that support their effective 

implementation (Cai et al., 2015). Although the understanding of these processes may be 

somewhat limited (Cai et al., 2015), researchers have “found that problem posing can 

enhance learners’ mathematics conceptual understanding, dispositions on mathematics, and 

mathematical creative thinking” (Xie & Masingila, 2017, p.102). Additionally, research has 

shown that open mathematical tasks promote engagement in mathematical thinking, 

communicating, problematising and creativity (Attard, 2013; Sullivan et al., 2006; Xie & 

Masingila, 2017).  

 Stoyanova and Ellerton (1996) categorised problem posing into free, semi-structured 

and structured. During free problem-posing students are asked to create mathematical 

problems based on a situation and without restrictions (Stoyanova & Ellerton, 1996). During 

semi-structured situations, students are provided an open situation and asked to explore and 

complete it using prior mathematical knowledge. During structured problem-posing 

situations, students reformulate solved problems or vary the conditions or questions of given 

problems (Stoyanova & Ellerton, 1996). In an analysis of problem-posing tasks, Cai and 

Jiang (2017) identified four common types of tasks which align with Stoyanova and 

Ellerton’s categories. They categorised them as: posing problems that match given arithmetic 

operation(s); posing variations on questions with the same mathematical structure or 

relationship; posing additional questions based on given information or sample questions; and 

posing questions based on given information (Cai & Jiang, 2017).  
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 Bonotto and Dal Santo (2015) explored semi-structured problem posing, using 

artefacts and interactive teaching methods, as a stimulus in upper elementary schools. They 

found that artefacts provided the right stimulus for different tasks and activities for students 

to “explore the mathematical structure, find a problem, and by using knowledge, skills, 

concepts, and relationships from their previous mathematical experiences, create one or more 

new mathematical problems” (Bonotto & Dal Santo, 2015, p.108).  

The connection between problem-posing and IBL has also been established (Cai & 

Hwang, 2020; Singer et al., 2015; Tawfik et al., 2020). IBL provides a student-centred 

environment, which encourages students to create their own questions, structure their 

knowledge, investigate, analyse information, and apply information in meaningful ways 

(Divrik et al., 2020; Fielding-Wells et al., 2017; Silver & Cai, 2005). Fielding-Wells et al. 

(2017) explain that authentic IBL problems “generate an opportunity for students to discuss 

and modify parameters, identify and justify decisions made, and incorporate these 

adjustments into their approach” (p.239). Divrik et al. (2020) investigated the effectiveness of 

IBL, when supported by metacognitive strategies, on students’ problem-solving and problem-

posing skills. The study comprised two parts; the first part investigated which pedagogical 

approach was best suited for problem-solving and problem-posing, and the second part 

investigated the effectiveness of IBL, and the effectiveness of IBL when supported by 

metacognitive strategies (Divrik et al., 2020). In addition to finding that IBL is a highly 

effective pedagogical approach, they additionally found that IBL, when supported by 

metacognitive strategies, was the best approach for having students’ problem-solve and 

problem-pose. The metacognitive strategies included prompts, guidance cards, worksheets, 

checklists, evaluations forms, and reflective journals, which were all designed to support 

students to plan, monitor, and evaluate their own learning processes (Divrik et al., 2020). 
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Additionally, they discovered that this method worked best in structured situations, as 

compared to semi-structured or free situations (Divrik et al., 2020).  

Fielding-Wells et al. (2014) used a more structured mathematical inquiry approach to 

investigate primary students’ proportional reasoning ability. In this study the teacher 

scaffolded the students to pose the investigation question, or rather to mathematise the 

questions posed (Fielding-Wells et al., 2014), which has been noted as a challenge for 

students when problem-posing (Bonotto & Dal Santo, 2015; Singer et al., 2015). This 

highlights the important role of scaffolding and teacher support in problem-posing and IBL, 

as a way to develop the necessary skills for students to be successful problem-solvers and 

posers (Calder, 2015; Fielding-Wells, 2014; 2017; Zhang & Cai, 2021). 

 To develop a better understanding of how to teach mathematics through problem-

posing, Zhang and Cai (2021) analysed 22 teaching cases, focussing on the role of the 

teacher, the types of prompts used, and how teachers handled students’ posed problems. They 

found that most real-life mathematical prompts were presented to students in words, and that 

teachers almost always used phases similar to “What mathematical problems can you pose?” 

(Zhang & Cai, 2021, p.967). A further finding was that in every case there was a similar 

lesson sequence: present the task, students pose problems, teacher guidance to solve 

problems, and summary and reflection (Zhang & Cai, 2021). The project also indicated that 

the role of the teacher and the organisation of classroom discourse were significant factors in 

problem-posing. The initial prompt presented to students also plays a significant role in 

creating this environment, as different prompts elicit different cognitive processes and 

performances (Zhang & Cai, 2021). 

 Bonotto and Dal Santo (2015) suggest that “we need to rethink the type of problem-

solving experiences we present to our students” (p.104). In real life, problems are not posed 

perfectly for us to solve, we must interpret information, decipher what is important and make 
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choices regarding how to best solve the problem. Problem-posing is an opportunity for 

students to develop the skills to interpret and critically analyse situations, make choices about 

known and unknown information, and develop connections between concepts (Bonotto & Dal 

Santo, 2015). Recent research reflects the multifaceted perspectives of problem-posing, 

suggesting that problem-posing should be considered a cognitive activity, a learning goal, or 

an instructional approach (Liljedahl & Cai, 2021), and also highlights the need for further 

research in this area (Zhang & Cai, 2021).  

Conclusion 

 The literature presented here outlines key considerations regarding the three themes 

important to this project. The three domains of engagement have been identified and 

discussed, highlighting the need for learning engagements that provide connections to real-

life, choice, creativity, as well as meeting the needs of students to have opportunities to 

demonstrate autonomy, competence, and relatedness (Attard, 2013, 2012a; Attard & Holmes, 

2019; Fredricks & McColskey 2012). In IBL teachers use open, guided, or structured inquiry 

(Bruder & Prescott, 2013) as an instructional frame for students to pose questions, 

investigate, and work on authentic, real-life problems. In problem-posing, teachers present 

students with free, semi-structured, or structured opportunities to pose-problems (Stoyanova 

& Ellerton, 1996). In both IBL and problem-posing, students are often presented with a 

prompt or stimulus to ‘hook’ or engage students in the context, and students are often given 

some autonomy in the choices they make (Fielding-Wells et al., 2004; Zhang & Cai, 2021).  

 Although there are a growing number of studies across all three domains, there are 

few current peer-reviewed studies that link these themes using the perceptions of students. 

Within this study, problem-posing is used as an instructional approach, rethinking the 

problem-solving experience by presenting students with a video prompt and having them 

pose their own mathematical questions. By replicating a real-life situation, and using an IBL 
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approach, the aim is to engage students in a different way of doing mathematics. Developing 

an understanding of engagement through student voice and perspective is essential in 

understanding how to best re-engage learners with mathematics. It is important that these 

links are explored to further connect students to learning, reinvigorate engagement, and 

embed real world mathematics into school mathematics learning. As noted, the research seeks 

to answer two main questions and one sub-question. The main questions are: 

1. How do Year 5 students perceive engagement in mathematics during an IBL 

mathematical problem-posing investigation? 

2. How do Year 5 students perceive their ability to problem-pose using a video 

prompt as stimulus during an IBL mathematical problem-posing investigation?  

The sub-question is: 

2b. What instructional strategies supported the students to problem-pose during the 

IBL investigation?  

The following chapter will present the methodology and research design.  
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Chapter 3: Methodology 

 This chapter discusses the research design and methods used to develop and 

implement this study. Initially, a brief overview of the theoretical framework that underpins 

this project will be outlined, followed by a description of the research design, research 

participants, and methods of data analysis. It will conclude with an overview of ethical 

considerations. The purpose of this research was to explore how a group of year five students 

perceived engagement and problem-posing during an IBL mathematical problem-posing 

investigation, and to understand the instructional strategies used to support those students. Its 

aim was to use student voice, to contribute an Australian perspective, to a growing body of 

research concerning engagement, problem-posing, and IBL. 

Theoretical Framework 

 All research is positioned within a paradigm and understanding this allows the 

researcher to make informed choices throughout their project. MacKenzie and Knipe (2006) 

explain that a research paradigm encompasses beliefs about what can be studied, how it is 

best studied, and the validity of knowledge. Further, Bergman (2010) explains that the 

paradigm frames “the kind of questions researchers ask, how these questions are to be 

understood, what data to collect, and how to interpret research results to derive answers to 

these questions” (p. 172). The theory which underpinned this study, and supported the 

paradigmatic choices, is cultural-historical activity theory (CHAT). The origins of cultural-

historical activity theory date back to Vygotsky’s insights into the effect that social and 

cultural experiences have on learning (van der Veer, 2012). Subsequently, Leontiev and then 

Engeström, developed Vygotsky’s ideas. CHAT defines learning as “a process of constant 

interaction with the environment and others. Knowledge is constructed by individual learners, 

built on historical experiences, within his or her context, knowledge is not transferred, rather 

it is constructed differently in all individuals” (Koszalka & Wu, 2004, p.494). CHAT theory 
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is useful in education research as it provides a framework for understanding complex 

educational environments such as classrooms. It suggests that learning occurs in the 

interactions between individuals (teacher-student and student-student) and in the interaction 

between subjects and tools (in this thesis video prompts) in the attainment of an object 

(mathematics learning, development of inquiry skills). CHAT aligns with a social-

constructivist view that knowledge is socially constructed. Additionally, CHAT connects 

with the basis of IBL and the idea that the learner is encapsulated in the experience (Dewey, 

1938). The research paradigm reflects the ontological, epistemological, and methodological 

beliefs and choices underpinning this research, and places responsibility on the researcher “to 

select methods that suit their research aims and to enact these methods in ways that are 

consistent with their paradigmatic choices” (McChesney & Aldridge, 2019, p. 227). This 

project was positioned with a constructivist worldview, assuming reality is socially 

constructed and there is no single reality (Bryman, 2015; Merriam, 2009). McChesney and 

Aldridge (2019) explain that constructivist research develops rich, contextual understandings 

and is “integrally linked to the participants” (p.227), with the aim to understand the world 

through the point of view of those living it (Schwandt, 1998). 

Research Design  

 A qualitative, single instrumental case-study approach (Creswell & Poth, 1998; 

Merriam, 2009) was used, adopting the perspective that there are multiple realities worth 

representing (Merriam, 2009). Although there are numerous definitions of “a case-study” 

(Cohen et. Al., 2018), many theorists agree that a ‘case’ is a study within a bounded system; 

it may be a person, program, group, or specific phenomenon in a real-life context (Merriam 

& Tisdell, 2016; Stake, 2010). Case-study methodology provides the researcher a platform 

to investigate the various perceptions of the participants and identify patterns, relationships, 

and themes (Holosko & Thyer, 2011). Creswell and Poth (1998) explain that a single 
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instrumental case-study occurs when “the researcher focuses on an issue or concern and 

then selects one bounded case to illustrate this issue” (p.371). The use of a single 

instrumental case-study was appropriate as this study looked at one particular class and 

developed understandings based on the student perceptions from that one ‘bounded’ class. It 

should be noted that in this study, ‘perceptions’ is not used in a phenomenological sense, 

but rather is used to describe student views on their experience during the IBL mathematical 

problem-posing investigation.  

Although there are many strengths to using case-study methodology, it is also 

important to be aware of disadvantages that may impact the research. Wellington (2015) 

explains that case-study researchers may have difficulty controlling variables and need to be 

aware of their own potential bias, particularly if the researcher is engaged as a participant 

(Cohen et al., 2018). In addition to the formal ethics process, the researcher in this study 

ensured that protocols and processes were followed correctly and that any potential bias was 

not evident to the research participants (Merriam & Tisdell, 2016). For example, during the 

interviews the researcher remained neutral and minimised facial expressions that would 

encourage specific responses. The researcher also explained to the students that there were 

no “correct” answers to the interview questions, encouraging the students to answer as 

candidly as possible.  

 This case-study was focused on student perceptions from one, Year 5 class (9 to 10-

year-olds). The researcher led a two-week, open, mathematical investigation, which 

required students to develop their own investigation questions based on a video prompt. The 

video centred on a tennis theme and was created to provide students with a wide scope for 

potential investigation questions (https://www.youtube.com/watch?v=cHF11BWIbEk). The 

video combines a of a range of photographs related to tennis, with a video clip of two 

beginner tennis players having a short rally. At the time of creating the video, Ash Barty, 
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the world number one Australian tennis player, had recently won the Wimbledon Tennis 

Open and it was hoped that tennis would be of interest to the students. The video stimulus 

was deliberately designed in such a way that not enough information is provided for the 

student to pose problems that could be solved immediately; rather its purpose was to spark 

curiosity and encourage students to make connections between classroom mathematics and 

‘real-life’ events. The investigation was conducted over a two-week period, with one 

session each day, for a total of 10 sessions; the introductory session was ninety minutes, 

however, the remaining nine sessions were forty-five minutes each. The students worked in 

collaborative pairs, or groups of three, to investigate their own questions and present their 

findings. The classroom teacher paired the students based on her inner knowledge of the 

relationships within the class, academic ability, and independence.  

 Data were collected through semi-structured interviews with the students, video 

observations, student work samples, and student reflections. At the end of the two-week 

mathematics investigation, students participated in semi-structured interviews. The students 

were interviewed to identify their perceptions of engagement in mathematics and ability to 

problem-pose. Semi-structured interviews include a mix of structured and less structured 

questions, which are used flexibly with no predetermined wording or order and are guided 

by a list of questions or issues to be explored (Merriam & Tisdell, 2016). They are used to 

gather descriptions of the interviewee’s interpretation of the phenomena, and are considered 

a “better use of the knowledge-producing potentials of dialogues” (Brinkmann, 2018, 

p.1002). Semi-structured interviews provide the researcher the opportunity to follow up on 

any issues that are deemed important by the interviewee and interviewer (Brinkmann, 

2018), and provide “unique access to the lived world of the subjects, who in their own 

words describe activities and opinions” (Brinkmann & Kvale, 2018, p.9). Semi-structured 

interviews were the primary source of data in this study. The students were interviewed in 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING 
DURING AN IBL MATHEMATICAL INVESTIGATION 

37 

pairs in a quiet space, and were grouped with their collaborative partners wherever possible. 

However, two groups of three were divided to make three interview pairs, and one student 

was absent on the day of interviewing. Students were interviewed in pairs to ensure they felt 

comfortable and safe to share their thoughts and to help eliminate any anxiousness or 

apprehension about participating in an interview.  

The interview schedule (Appendix A) included general information questions, as well 

as questions related to each area of interest: engagement, IBL, and problem-posing. The 

first section of questions focused on student attitudes towards and engagement in 

mathematics, these questions sought to determine the student attitudes towards their regular 

mathematics lessons, and the IBL investigation. The second section focused on the open-

investigation and the students experience throughout the two weeks. These included 

questions related to engagement, learning during the investigation, and perceptions of IBL 

classroom structure. The third section of questions focused on problem posing and were 

used to gain an understanding of the student experience to problem-pose from a video 

stimulus. To support the reliability and validity of interview findings, two experienced 

university mathematics educators reviewed the interview questions to ensure that the 

questions were appropriate, unbiased, and would support the quality and depth of data 

required for this project (Fredricks & McCloskey, 2012). Interviews have previously been 

used to help understand student engagement as they can include detailed descriptions on 

“how the students construct meaning about their school experiences, which contextual 

factors are most salient, and how these experiences relate to engagement” (Fredricks & 

McCloskey, 2012, p.767). In this study, semi-structured interviews were used to develop 

understanding of student engagement, and problem-posing during an IBL mathematical 

investigation based on the student’s perceptions. The interviews were voice recorded and 

transcribed by the researcher providing additional exposure to the data. 
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Merriam and Tisdell (2016) explain that interviews and observations are the most 

common source of data in qualitative research. Observations occur in the setting of the 

study where the phenomenon is naturally occurring, and are systematic when used in 

research (Merriam & Tisdell, 2016). Using video recordings as an observation tool helped 

to reduce the “unreliable nature of human perception” (Merriam & Tisdell, p.162). Each 

lesson was video recorded and analysed to triangulate student responses from the 

interviews. The video captured the whole class, and the observations were guided by what 

the students said in the interviews. They were used for triangulation, to further validate the 

student’s statements. Triangulation of data is one way to reduce researcher bias and 

maintain internal validity through matching patterns, supporting explanations with evidence 

from the collected data, and ensuring interpretations emerge transparently from the data 

(Cohen et al., 2018). Student work samples and reflections were also collected throughout 

the two-week experience. They were then used in the semi-structured interviews to help 

guide questions and prompt students regarding their experience, and for triangulation of the 

data.  

In accordance with Griffith University’s Code for the Responsible Conduct of 

Research (Griffith University, 2021), all transcriptions will be stored for a minimum of five 

years from the date of the findings being released. A copy of the transcription is available to 

participants as specified in the information sheet (Appendix B). The participant consent 

forms will be retained for 15 years as per section 601.2/C111 of the University Sector 

Retention and Disposal Schedule (Griffith University, 2021). All participants have been de-

identified to ensure their anonymity.  

 The video observations, student work samples, student reflections, interview findings, 

and current literature were used to triangulate emerging findings and ensure validity (Flick, 

2018). Although this study may lack generalisability, it will contribute to a growing 
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collection of data on engagement in mathematics, problem-posing, and IBL. Multiple case-

studies pooled together contribute to greater generalisability (Cohen et al., 2018) and a 

deeper understanding of specific phenomenon.  

Participants 

 The research was conducted at an independent school in South-East Queensland, 

Australia. The students were from middle to high socio-economic backgrounds and 

represented a diverse range of ethnicities and abilities. The class consisted of 18 students, 

however, one student opted out of participation leaving 17 students: 8 boys and 9 girls, and 

one participating teacher. 16 out of 17 students participated in a semi-structured interview 

after the two-week investigation, one student was absent and was unable to be interviewed. 

The researcher had previously taught in the school as a temporary relief teacher, working 

approximately 10 days before the research was conducted. The researcher had not taught in 

the class selected to take part in the project and had no prior knowledge of the students. 

After sharing information about the project and developing an understanding of the 

potential impact and significance, the Principal of the school expressed interest in 

participating and suggested a classroom and teacher. The classroom teacher volunteered to 

participate after developing an understanding of the project. The school, students and 

student guardians officially consented to participation in the study (Appendix C).   

 The school primarily teaches the Australian curriculum through student-centred, 

individual pathways and students are engaged in a range of pedagogies throughout each 

day. As indicated in the introduction, students learn mathematics through Math Pathways 

(2022), an online learning and teaching model, which supports teachers to deliver 

personalised learning to each student. The teacher provides additional support through mini 

workshops as needed.  
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Data Analysis  

 Once the data was collected, the researcher personally transcribed the interviews, 

which allowed for continual reflection and assisted in the initial identification of common 

themes. Hesse-Biber and Leavy (2006) describe this as an interactive process that engages 

the reader in deep listening, analysis, and interpretation of the data. It provides a valuable 

opportunity to “actively engage with his or her research material right from the beginning of 

data collection” (Hesse-Biber & Leavy, 2006, p.347).  

 Thematic analysis was then used to identify, analyse, and interpret patterns within the 

data. Clarke and Braun (2017) explain that thematic analysis “provides accessible and 

systematic procedures for generating codes and themes from qualitative data. Codes are the 

smallest units of analysis that capture interesting features of data (potentially) relevant to the 

research questions” (p.297). The Six Phases of Analysis approach developed by Braun and 

Clarke (2006) was utilised to guide the researcher through the thematic analysis process. 

The six phases are outlined below.  

Table 1 

Braun and Clarke’s Phases of Thematic Analysis (2006, p.87) 

Phase Description of the process 

1. Familiarizing yourself 
with your data: 

Transcribing data (if necessary), reading and re-reading the 
data, noting down initial ideas.  

2.  Generating initial codes: Coding interesting features of the data in a systematic 
fashion across the entire data set, collating data relevant to 
each code.  

3.  Searching for themes: Collating codes into potential themes, gathering all data 
relevant to each potential theme.  
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4.  Reviewing themes: Checking if the themes work in relation to the coded 
extracts (Level 1) and the entire data set (Level 2), 
generating a thematic ‘map’ of the analysis. 

5.  Defining and naming 
themes: 

Ongoing analysis to refine the specifics of each theme, and 
the overall story the analysis tells, generating clear 
definitions and names for each theme 

6.  Producing the report: The final opportunity for analysis. Selection of vivid, 
compelling extract examples, final analysis of selected 
extracts, relating back of the analysis to the research 
question and literature, producing a scholarly report of the 
analysis. 

 
 

 Following thematic analysis, the themes were then triangulated using student 

interviews, student work samples, video observations, and literature related to the 

phenomenon. Flick (2008) defines triangulation as the “combining of different types of data 

on the background of the theoretical perspectives, which are applied to the data” (p.41). The 

process of triangulation produces knowledge on different levels, which goes beyond what is 

possible with just one approach and helps to ensure internal validity and confidence in the 

research (Flick, 2018; Stake 2010). After the different data were analysed together and 

themes verified, they were reported thematically.  

Ethics  

 In accordance with Griffith University’s ethics polices, the researcher obtained 

voluntary and informed parental/guardian consent and young person assent. 

Parents/guardians were provided information regarding all elements of the project, data 

collection and analysis process, and were encouraged to discuss the project with their 

children before making a decision regarding consent. In accordance with university polices, 

information provided to participants and their parents/guardians included details regarding: 

1.  The use of audio-video recordings during each lesson of the two-week 

investigation. The videos being available exclusively to the researchers while they 
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are used in the data analysis process, all names and personal details are removed 

to ensure anonymity. The video recordings are not be used in research outputs or 

published and will be erased once analysis is finalised.  

2. All students wishing to participate in an interview will be given the opportunity.  

3. Student work will be used to guide interviews and substantiate findings.  

4. Interviews will be audio recorded and stored until transcription is complete. All 

personal details will be removed from transcription to ensure anonymity.  

5. All participants are free to exit the project at any time throughout the two weeks.  

 
Summary 

 This chapter has discussed the methodological underpinnings and methodology that 

support this study. It has explored the purpose and effectiveness of case-study as a means of 

gathering data and explored the data analysis procedures. It has explained how the 

methodological choices made by the researcher has resulted in a research design that enabled 

the researcher to explore student perceptions of engagement and problem posing during an 

IBL mathematical problem-posing investigation, as well as the instructional strategies used to 

support the students to problem-pose.  

 The following chapter presents the findings and discusses in detail the themes that 

emerged.  
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Chapter 4: Results and Discussion 

This chapter presents perceptions of students regarding their participation in an IBL 

mathematical problem-posing investigation. The inquiry-based open-inquiry investigation 

involved 10 lessons; lesson one was initiated with a video stimulus and involved 

brainstorming and forming ideas, it was followed by eight lessons of group work with the 

teacher facilitating the groups, and a final lesson for presenting findings. It includes 

qualitative data gathered from eight paired student interviews, video observations and student 

work samples. The interview data was the main source of data and was analysed using the 

Six Phases of Analysis by Braun and Clarke (2006). In Implementing the six phases, the 

researcher first transcribed the data, and repeatedly read through the transcripts noting down 

initial ideas and details. In the second and third phases, 18 codes were generated, and these 

were then collated down into three potential themes. Following this, the themes were 

reviewed in relation to coded extracts and the entire data set, to ensure that the initial themes 

were collated accurately. The themes were then named based on the overall story the analysis 

told, with one last opportunity for analysis during the writing of the thesis. The data from the 

interviews, student work samples, student reflections, and video observations were used to 

answer the two main research questions, and one sub-question, namely:  

1. How do Year 5 students perceive engagement in mathematics during an IBL 

mathematical problem-posing investigation? 

2. How do Year 5 students perceive their ability to problem-pose using a video prompt 

as stimulus during an IBL mathematical problem-posing investigation and what 

instructional strategies supported them to do so?  

The sub-question is:  

2b. What instructional strategies supported the students to problem-pose during the IBL 

investigation?  
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The synthesis of literature focused on the themes of IBL, engagement, and problem-

posing in mathematics, and sought to understand the potential connections between them. 

Although the three literature themes are linked, the results and discussions presented here 

have been separated into two sections: the first section relates to the first research question, 

and the second section relates to the second research question and sub-question. The findings 

and discussions are presented together due to the complexity of qualitative research and the 

interconnectedness of the themes. Qualitative quotes and observations from the video 

observations are used to illustrate student perceptions. Student work samples and reflections 

are used to further understand engagement and substantiate findings.  

Perceived engagement in mathematics during an IBL mathematical problem-posing 

investigation.  

In this section findings and discussions regarding student engagement are presented 

through the three main themes that emerged from the data: 

1. Collaborative learning;  

2. Enjoyment and interest; and 

3. Cognitive Engagement and Transfer of Learning 

Collaborative Learning 

 The students suggested that working together with a partner or in a small group was 

beneficial to their learning and engagement. This aspect of engagement is associated with 

behavioural engagement. Behavioural engagement refers to the students’ actions; their 

participation, effort, and on-task behaviour (Attard, 2012a; Fredricks et al., 2004), and is 

demonstrated by engaging actively with their peers, asking questions, and participating in 

discussions (Böheim et al., 2020; Fredricks et al., 2004; Skilling, 2014). Active participation 

is considered imperative in achieving positive academic outcomes and is a component of the 
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Framework for Engagement with Mathematics (Attard, 2012a). Initially students 

(pseudonyms used) reflected their beliefs about what makes mathematics engaging for them: 

 Freya:  Math that we all do together, like maybe like a math game that we can 
   all be involved in, so we can all work together to help each other to get 
   better and stuff. 
 
 Milly:  Well, when you have to like work in a team, and you have a goal to 
   achieve, and when you know exactly what you've got to do, and there 
   is something that you can really work on. 
 

 These two comments begin to develop the idea that working together and actively 

engaging with their peers is something that makes learning more engaging, and potentially 

supports developing understanding. When discussing the IBL mathematical problem-posing 

investigation, Freya elaborated on this feature of behavioural engagement, as an important 

aspect for her learning and engagement: 

 Freya:  I learned some new times tables, like some new ones that I didn't know 
   because as I said, I wasn't very confident with times tables. But like 
   with my group, we all worked it out together and it helped me quite a 
   lot, so I could understand more times tables. 
 
 Freya:  I definitely communicated with people that I wouldn't normally  
   communicate with and I felt like that was because I could socialise  
   with other people and understand, like, more learning and have fun at 
   the same time. 
 Freya and Koby worked collaboratively together during the investigation but were 

interviewed separately. However, their comments were very similar:  

 Koby:  It's been really fun and umm, engaging. Like we're working, we are 
   collaborating, and we are like talking together. And we are figuring out 
   problems, like  not just looking at a screen [referring to Maths Pathway 
   program], most of the time we were like organising stuff, not  
   organising stuff, but like writing things down, figuring it out on paper.  
 

 The participant’s comments emphasised the sense of belonging and connection that 

working collaboratively provided. Other students also mentioned this aspect of the 

investigation and how their peers helped to support their learning:  
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 Willow: Since she [Gemma] was doing the calculations, she was explaining it 
   all to us after she had calculated it. So, we all know what we're doing 
   and what she did. And like, yeah, I learned more times tables, [and] 
   different divided-bys [sic]. 
 
 John:  But I like it in groups to be honest because students who say they know 
   a question, or I know a question that other people don't, I can help  
   them with that, or they could help me with this. 
 
 Lucy:  I’m glad we got to work with someone else because if we worked by 
   ourselves, it could have been a big challenge. 
 

 Freya also mentioned that her confidence in mathematics had grown during the two-

week investigation. When asked to elaborate on why she believed this, she connected her 

growing confidence with the collaborative aspect of the investigation.  

 Freya:  Um, maybe just like, maybe just having different people in my group 
   that we could all understand, so I can share with them what I wouldn't 
   normally share with them so then it made me personally understand it 
   more. 
 

 These comments demonstrate how the IBL mathematical problem-posing 

investigation seemed to provide the students with a collaborative space where they could feel 

a sense of competence and relatedness. The self-system model of motivational development 

is one model used to help understand engagement and motivation (Fredricks & McColskey, 

2012), and it is based on self-determination theory (Ryan & Deci, 2017), which focuses on 

three fundamental motivational needs: competence, relatedness, and autonomy (Fredricks & 

McColskey, 2012; Ryan & Deci, 2017). Competence is associated with the perception of 

academic competence, ability, and self-efficacy, and posits that all individuals need to 

experience themselves as effective individuals in their interactions (Ryan & Deci, 2017; 

Skinner et al., 2008). The peer learning environment of the investigation provided students 

the opportunity to support each other in their learning and feel a sense of competency and 

mastery.  
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In addition to being a key element of the self-system model of motivational 

development, creating a learning environment where students perceive themselves as 

academically competent, effective and in control of their learning supports the students to 

become persistent and resilient individuals in the future (Elliot & Dweck, 2005; Skinner et 

al., 2008). The comments demonstrate that throughout the investigation, the students were 

offering explanations, justifying their thinking, and providing peer support which assisted 

their classmates to understand mathematics at a deeper level. This provided the opportunity 

for those students to feel competent, while increasing the sense of belonging for all students. 

The above quotes also demonstrate that the students were engaged in a substantial amount of 

explaining and justifying of their ideas to their peers, an important aspect of behavioural 

engagement.  

The idea of collective argumentation in mathematics classrooms has been linked with 

IBL and has been used to promote student engagement (Brown, 2017). Despite the fact that 

in this research the students were not presenting to the whole class each day, they were still 

required to reason with their peers, come to a consensus regarding their approach to the 

investigation, as well as develop a consensus about solutions throughout the investigation. 

Brown (2017) explains that this challenges students to “rephrase and defend ideas and to 

assess the validity of their thinking” (p.186). Students are required to communicate their 

thinking, agree to, or reject ideas through logical argument and reasoning (Brown, 2017). 

 Working collaboratively also created a sense of belonging for the students, which was 

evident in their choice of words such as, “communicate”, “collaborate”, “working together”, 

“talking together”, “socialise”, and “bonded” when describing their experience. Having a 

sense of belonging in a certain environment or in a particular activity has been associated 

with increased levels of engagement (Skinner et al., 2008). This is also referred to in the 

literature as relatedness. Proponents of the theory of relatedness suggest that all individuals 
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are born with the inherent desire to connect to others (Fredricks & McColskey, 2012; Ryan & 

Deci, 2017; Skinner et al., 2008). While the students are likely to have experienced different 

levels of competence and relatedness, the comments demonstrate that the environment 

created by the IBL mathematical problem-posing investigation provided the students with the 

opportunity to meet these needs. Koby’s comment elaborates further on working 

collaboratively and the relatedness aspect of engagement: 

 Koby:  For me, I bonded a bit more with Freya. Like, I feel like we became 
   more friends. And like, it was funner [sic] than Maths Pathway,  
   because we could decide what we’re going to do and we had multiple 
   options.  
 

 Koby’s comments reflect the feeling of connection and relatedness he was 

experiencing through working with his partner, and additionally supports the idea of choice 

as an element of engagement. Learning engagements that offer choice and provide students 

with the opportunity to be creative have been shown to be engaging (Attard, 2013, 2012a; 

Attard & Holmes, 2019). Offering choices to students provides them with a sense of 

autonomy over their learning.  

The third element of the self-system model of motivational development (Ryan & 

Deci, 2017) emphasises the need for teachers to allow students to demonstrate autonomy 

within the classroom and during learning engagements (Fredricks & McColskey, 2012; 

Skinner et al., 2008). Experiencing a sense of autonomy in school settings has been linked to 

“better academic outcomes such as classroom engagement, persistence, achievement, and 

learning” (Skinner et al., 2008, p.768). When discussing engagement, Gemma, Lucy, and 

Eric’s comments continue to substantiate the finding that when students are given some 

autonomy over their learning, they are more likely to be engaged in their learning.  

 Gemma: Um, I think if the teacher’s kind of going, do you want to do this? Or 
   do you want to do this? If you, can you have lots of options it keeps me 
   engaged. Like  what we did, we had options to make a tournament or 
   build a tennis court or something like that, we had different options. 
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 Lucy:   We kind of go off and do our own thing [in the group]. But like, Miss 
   E is just walking around and helping us if we need.  
 
 Eric:   Well, for the math investigation for the past two weeks, that was like 
   really fun, because we got to like, basically carve our own paths. 
 
 The IBL mathematical problem-posing investigation provided students with a 

supportive environment that promoted both autonomy and a mastery approach to learning, as 

opposed to an individual or performance environment that have been negatively associated 

with student achievement (Watt et al., 2017). The students were observed to be behaviourally 

engaged, working collaboratively on a series of problem-like tasks, and were not required to 

follow step-by-step teacher instructions, which additionally supported their autonomy and 

engagement in mathematical thinking (Sullivan et al., 2006). Although the data suggests that 

students perceived working collaboratively as beneficial, their comments also indicated that 

working collaboratively was not always easy. Nancy expressed her preference for working 

independently.  

 Nancy:  I work better on my own because I can focus, and I like to kind of use 
   my own ideas. Sometimes I don't really like other people's ideas. I just 
   want to use all my ideas, be engrossed with what I'm doing, just by 
   being independent. 
 

 Lucy initially expressed her desire to only collaborate with peers that she knows she 

can work well with and later when asked to explain what was required of her during the 

investigation, she elaborated further on how difficult it can be working with some peers.  

 Lucy:  Only working with people that we know we can work with, and we 
   work well with. Paige thinks like Paige and I think like me, so we like 
   think differently and like, we don't know what each of us is thinking 
   about unless we share it to each other. 
 
 Lucy:  Say, your job is just to listen, learn and focus on what you're doing, 
   and try and work as well as you can with the person you're working 
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   with because otherwise it might end up terribly, and you might just 
   have a big argument and have to start all over again with someone else. 
 
 Willow’s comment also suggests that your achievement is dependent on how well you 

work together, and that decision making can be difficult when working collaboratively. 

 Willow: I think it's [the investigation] more like, a little more interesting,  
   because, like, on Maths Pathway, you decide what it is and, like, how 
   much you focus, the higher accuracy you get, but then when it's in a 
   group, it depends how well you're working together….sometimes it 
   was like a little hard to get everybody's idea in there because if we  
   were to get on one point, we all had different ideas what we wanted to 
   do at the start, and it was really hard to choose. 
 
 For students like Nancy, Lucy and Willow, who may find it difficult to communicate 

their thinking, understand others’ ideas or create logical arguments to defend their thinking, 

an open inquiry may prove difficult. Nancy confirmed this assumption when asked if she had 

any last reflections on her experience, stating that she “found the experience quite 

challenging”.  

Despite the sometimes challenging nature of the shared experience, researchers have 

suggested that reasoning is an important aspect of mathematical practice and students should 

be provided opportunities to develop the skills needed to participate effectively in 

engagements that challenge their thinking (Brown, 2017; Cobb et al., 2001). Boaler (2008) 

developed the idea of relational equity in the teaching and learning of mathematics, which 

emphasises teachers and students working together to develop the skills to actively listen, 

respect and value diversity. This reinforces the importance of scaffolding and teacher support 

during IBL investigations. Students need to be supported to develop the ability to effectively 

cooperate, develop ideas and understanding, and teachers need to provide feedback and 

clarification (Calder, 2015; Skilling, 2014). Nancy and Lucy’s comments below support the 

notation that continual scaffolding is an important aspect of behavioural engagement, and is 
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necessary as students develop the skills to inquiry, communicate, and work collaboratively 

with their peers.  

Nancy: We liked it when you put the sticky notes in giving us directions on what to 

 do  

While Lucy’s comment suggests that the teacher needs to be:  

Lucy: Walking around and helping us if we need 

 Throughout the investigation, at the end of each session, students were asked to 

record their next steps on a sticky note. The students also received feedback from the teacher, 

also on sticky notes, through additional questions or suggestions for their investigation. They 

were encouraged to use the feedback and monitor their own learning, and to seek teacher 

assistance when needed. Although the sticky note feedback did not explicitly support the 

development of communication, it provided a starting point for the students to refocus and 

engage in the investigation. An example of this can be seen in Figure 1 below.  

Figure 1 

Sample of Student Planning and Teacher Feedback During the Investigation.  

 

With an emphasis on developing mathematical understanding, as well as 

communication and collaboration skills, the IBL mathematical problem-posing investigation 

engaged students in a different way of doing mathematics. One student, Paige, identified the 

multifaceted approach to learning during the investigation, commenting, “we’re learning new 

things every time you come in and especially [about] teamwork. It really helped us with 
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communication and collaboration”. Developing a classroom culture of inquiry (Fielding-

Wells et al., 2014) and a set of norms and practices has been shown to support student 

success within and beyond mathematics (Böheim et al., 2020). This includes encouraging the 

development of cognitive skills such as academic mastery and critical thinking, interpersonal 

skills such as communication and collaboration, and intrapersonal skills such as growth 

mindset and learning how to learn (Drake & Reid, 2018). The teacher plays a critical role in 

developing the culture if inquiry in the classroom. For example, students need support and 

scaffolding to learn how to respond to claims or defend their position with evidence 

(Fielding-Wells et al., 2014). Over time, a learning community where student feel safe to 

share their progress, seek input from peers, and are accountable for their learning, is 

developed. Fielding-Wells et al. (2014) explain that a culture of inquiry in the classroom can 

be developed by “encouraging, modelling and setting expectations of respect for student 

contributions” (p.55). The idea that all ideas are valued supports learning in an IBL 

classroom.  

 Engagement is multidimensional and is influenced by various factors including peer 

relationships. Interactions with peers in learning contexts affects a student’s willingness to 

actively participate (Skilling, 2014) and provides opportunites for students to meet their need 

for competency, relatedness, and autonomy (Fredricks & McColskey, 2012). In this study the 

students valued the opportunity to work with their classmates, and the IBL mathematical 

problem-posing investigation provided the environment for students to feel a sense of 

competency, relatedness, and autonomy. This supports Attard’s (2013) finding that students 

have a “preference for tasks that require active learning, elements of choice, challenge, and 

the option of self-directed activities” (p.575).  

 Mathematics lessons often focus on individualised work (Boaler, 2000), which does 

not necessarily reflect real-life or the social nature of our world. Boaler (2000) suggests that 
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the students within the classroom already view themselves as a community even if teachers 

might not. Therefore, it is counter-productive for student learning to hinder communication 

that would encourage meaning making, engagement and understanding (Attard, 2013). 

Pedagogies that cultivate curiosity by encouraging students to ask questions and make 

connections are often associated with IBL, and thus they foster active participation and social 

interaction (Dorier & Maaß, 2020; PRIMAS, 2013). As social interaction is an important 

contributor to engagement and positive learning outcomes, it is important that mathematics 

learning is not excluded from this type of environment. As evidenced through the qualitative 

data, and in previous studies (See Fielding-Wells et al., 2014), the use of IBL in mathematics 

supports the development of these collaborative norms, and subsequently student interest and 

engagement in mathematics. 

 When analysing the video observations for behavioural engagement, the researcher 

looked for on-task behaviour such as the students being engaged in writing, discussions with 

teachers or peers (listening, explaining), positive gestures and postures (Lane & Harris, 

2015). Although Nancy and Lucy reported that they found it difficult to work collaboratively, 

the video observations in fact indicated that they were behaviourally engaged during the 

investigation, working both collaboratively and independently at times, and seeking help 

from the teacher when required. Out of the 17 students participating in the study, 15 of them 

were observed being behaviourally engaged almost all the time. During the lessons the 

students were observed writing and calculating, having discussions, and seeking help from 

the teacher when required. Occasionally, one of the students, needed redirecting to the task; 

however, this was generally at the end of session.  

Two of the students who were working together, Eric and Simon were observed to 

require continual redirection from the teacher and were rarely focused without direct teacher 

support. Although the groups were strategically organised by the classroom teacher and Eric 
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reported that he found the investigation “fun” because they could, “carve our own paths”, the 

autonomy offered in the investigation did not support learning for these two students. 

Enjoyment and interest 

 The second theme that arose from the data relates to the emotions that students 

associated with the investigation, in particualar the idea of having fun. The word ‘fun’, 

already noted in some of the previous comments, was used by children fifty-one times in the 

interviews. The students reflected on their regular mathematics lessons and the two-week 

investigation using emotive language such as, “boring”, “bland”, “bored” for their regular 

lessons, and “fun”, “funner [sic]”, “enjoyed”, “interesting”, and “awesome” for the two week 

investigation. This aspect of engagement is referred to in the literature as affective or 

emotional engagement (Fredricks et al., 2004). Emotional engagement incorporates student 

attitudes, interests, and values, and focuses on levels of enjoyment (Attard, 2012a; Fredricks 

et al., 2004). It considers whether students experience emotions such as boredom, happiness, 

sadness, or anxiety (Fredricks et al., 2004; Fredricks, 2011), and the impacts of these 

emotions on learning.  

At the beginning of the interview students were asked to reflect on and describe their 

usual mathematics lessons:  

 Simon:  Pretty, like pretty, like average, but like, pretty boring. I don't really get 
   that intrigued in maths. Um, we usually just sit on our computers and 
   answer the questions on there. 
 
 Eric:  Yeah, like Simon said, it's like, pretty bland because you just like sit 
   there and then just like write things, we have to just answer the fixed 
   questions and it's really, it's not really that fun. 
 
 Koby and Lewie’s comments mirrored that of their classmates when they described 

their usual mathematics lessons as very individualistic and boring: 

 Lewie:  Ah, a bit boring. 
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 Koby:  Because you have to sit in front of a screen and you sometimes get like 
   a headache from like, staring at the screen for an hour and just writing 
   down. 
 
 Lewie:  Well, first of all, it's not all the screen, sometimes we have to sit on the 
   carpet and look at a white board for like 40 minutes, and then we have 
   to write for another 30 minutes. 
 
 Koby:  Um, so I wasn't that engaged in maths, like Maths Pathway because 
   like, it  gets boring. If you're doing like, a module that takes like over 
   two days, it gets really boring. That's what you're doing and you've 
   done it halfway but you want to stop it, and you can do that, but it's 
   such a long module and you’ve spent so much time on it, you feel like 
   you don't want to so you have to keep going and it takes up like half of 
   your cycle and you get like a really low result. 
 
 Emotions have been shown to play a significant role in how students become 

dissatisfied and frustrated, and thus less engaged, in schooling (Skinner et al., 2008). When 

students feel negative emotions such as boredom it affects their willingness to actively 

participate (Skinner et al., 2008), and influences their overall perception of that subject 

(Ummanel, 2017). A number of students stated that their regular mathematics lessons lacked 

variety and were boring:  

 Freya:  Boring because like, we don't have like, we can pick a module we do 
   want to learn, but like, it's always the same thing. Like we are always 
   on our  laptops, writing in our math book, like, just it's the same thing. 
   I'd like to have, like a  big variety of what we could do.  
 
 Willow: Yeah, I do have to agree with that. It is really boring, because you're 
   just staring at a screen the whole time. Unless you're doing like times 
   tables with flashcards. But that's not very often you do that, and yeah, 
   it’s almost always just the same thing. 
 
 Gemma:  Okay, a little bit boring sometimes, but it is okay sometimes. 
 
 Milly:   Well, it gets kind of boring sometimes because you just have to keep 
   doing the modules and it doesn't have as much engagement. And once 
   you've done your test, you kind of just like put it away and don't do it 
   again. 
 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING  
DURING AN IBL MATHEMATICAL INVESTIGATION 

56 

 As previously noted, students’ attitudes, interests, values, and emotions considerably 

impact their willingness to participate in learning, consequently impacting their perseverance 

and achievement, and causing students to become disaffected in schooling. Wieselmann et al. 

(2019) investigated attitudes and beliefs about self within Science, Technology, Engineering, 

and Mathematics (STEM) and found that “students' prior experiences with mathematics in 

their school-based elementary classrooms resulted in less positive dispositions toward 

mathematics than other STEM disciplines” (p. 301). Combined with the understanding 

that disaffection is a strong predictor of poor academic achievement and eventual drop 

out (Skinner et al., 2008), it is vital that educators implement learning environments that 

develop positive dispositions towards mathematics at an early age.  

 One participant in the study, Lewie, reported not being that engaged in 

mathematics unless it was a game, “when we do something fun or we do like a game”; 

however, later he explained that it is not only games that can be fun in mathematics:  

 Lewie:  Well, as I said before I'm engaged in fun things, like, and you'd think 
   it's not  really a game, so I wouldn't find it, or it's not really something 
   like fun for me so I wouldn't find it fun. But no, it was actually quite 
   the, quite the good experience. 
 
 Interviewer:  So what made it fun for you? What made it a good experience?  
 
 Lewie:  I don't know. I just cracked it. I just started doing these puzzles and 
   everything.  
 
 Although the investigation did not involve “puzzles”, an earlier excerpt from the 

interview indicates that Lewie may have been referring to the feeling of continually solving 

problems and being completely immersed in the investigation. The conversation begins with 

a discussion regarding Lewie’s confidence with mathematics and comparing it to his 

confidence during the investigation.  

 Lewie:  I'm not that confident. But over the past two weeks from when we've 
   been doing this math…I felt a bit more confident.  
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 Interviewer: What made you feel more confident with this experience?  
 
 Lewie:  Because I think it is basically the like the right type of maths and the 
   maths we should be learning.  
  
 Interviewer: Okay, what do you mean by that?  
 
 Lewie:  I mean, I feel very confident…because I was like solving problems left 
   and right, and I felt, and I felt my confidence built up. 
 

Other students also reported a feeling of increased confidence during the IBL 

mathematical problem-posing investigation. Before beginning the investigation, students 

were asked to reflect on their confidence in mathematics and to place a dot on a bullseye (See 

Fig 2) corresponding with their confidence, with the centre being considered very confident. 

Initially the class brainstormed what it meant to them to feel confident, and the students 

decided that it meant you could “teach others”, “explain yourself”, were “knowledgeable”, or 

“dedicated”, that you “want to do it” or that you “know you’ve learnt it well”. At the end of 

the two-week investigation students reflected on their confidence during the investigation and 

placed a second dot on a new bullseye. As seen in Figure 2, many of the students felt more 

confident during the investigation when compared to their regular mathematics lessons.  

Figure 2 

Student Reflections on Confidence during their ‘regular’ lessons and during the 

investigation.  
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 Self-confidence is the belief that you can achieve your goals, or the courage that 

comes from feeling certain about your abilities (Buyung et al., 2020). Feeling confident can 

be motivating and positively impact the student’s learning experience. Kiwanuka et al. (2017) 

explain that students who have experienced self-confidence, positively perceive their ability 

to learn and perform well, and that these students are more “likely to achieve better in a 

subject they enjoy, have confidence in, or find useful” (p.2). A cause-and-effect relationship 

between beliefs, emotions, and behaviour has also been noted by researchers, with beliefs 

affecting emotions, and consequently affecting behaviour (Di Martino & Zan, 2010; 

Kiwanuka et al., 2017).  

 Students were asked, after the first week of participating in the investigation, to reflect 

with one star, one wish, and one word to describe their experiences of the investigation. The 

students used Padlet.com to record their reflections, which indicated that they were, by and 

large, experiencing mostly positive emotions during the investigation. The words were 

collated and are represented in Figure 3 below, with names removed to ensure anonymity.  

Figure 3 

Student ‘One Word’ Reflections on the IBL Mathematical Problem-Posing Investigation at 

the Halfway Point 
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 Additionally, throughout the interviews, when asked to share their thoughts on the 

IBL mathematical problem-posing investigation, fifteen of the sixteen students used words 

that were associated with positive emotions as evidenced below: 

 Eric:  Like what we did, like, just then [the investigation] it was like,  
   actually, like fun. 
 
 Paige:  It was really fun and you should do this again another time. 
 
 Simon:  I find, what we did over the past two weeks was way funner [sic]. 
 
 Zoe:  It's super fun. I actually like it way more than like what we usually do 
   on maths. 
  
 Lara:  After this maths investigation, I found that Maths Pathway was like, it 
   wasn't  really reaching my standards, because it sometimes, very  
   rarely, it was engaging, but then it just got sort of boring. And after, 
   and now, with this maths investigation, it's been like, the whole  
   experience, it's been amazing, just working things out. 
 
 Lucy:   I think, my experience, it was very fun. And I'm glad you came into 
   this with us otherwise, we'd be stuck with boring Maths Pathway.  
 
 Gemma: Yeah, it was really fun. I quite enjoyed it, especially being in a team 
   with all my friends. It was very fun and it was engaging. 
 
 Nick:  Well I think [it was an] awesomely epic investigation. 
 
 Other studies have found that students use the word ‘fun’ to describe mathematics 

lessons that they enjoy, although the specifics of what makes the lessons fun varies (Attard, 

2013, 2012a). Attard (2013) found that tasks that were relevant to the students’ lives, 
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included an element of challenge, and demonstrated that mathematics is useful in practical 

situations, made them fun for students. While there may be many reasons why students find a 

lesson or series of lessons fun, Lewie’s earlier comment, and additional comments below, 

provide evidence that the investigation offered an element of challenge and helped to connect 

mathematics to real-life events, in this case, tennis.  

 Lara:  To me, for the maths investigation, the engagement was like, it was 
   just, it was more fun because we got to like, because Maths Pathway 
   has this certain technique for kids to just do that same thing over and 
   over again. But with the maths investigation, we got to try something 
   different and we actually got to go into different things and calculate 
   maybe more advanced problems. 
 
 Eric:  Well, probably because, um, usually they don't refer tennis to math. 
   They would usually like refer like diameters and like perimeters to  
   math, but not tennis. So it's like really unique and it's really fun just 
   like looking on the internet trying to find answers instead of just like 
   sitting there with the answers one click away and it's just really  
   boring usually, but for the tennis thing, it was actually like engaging. 
 
 Matt:  They [teachers] should have taught us that pretty much everything can 
   be math. 
 
 Nick:  Well, it was kind of out of the blue when you showed us the tennis  
   video. Also, I thought how can this relate to maths. And when we  
   actually go into it, I realise how like, how much maths is involved in in 
   everything. I would just look at these flowers and say they aren’t really 
   maths, but now I can see there is math in them.  
 
 Milly:  Yeah, how you wouldn't think it would be that involved in math, but it 
   is and  you have to use your brain in a way that you wouldn't think to 
   use it. And yeah, that was just really cool to experience. 
 
 The IBL mathematical investigation provided the students with an opportunity to try 

something different, experience a challenge, and make connections between mathematics and 

real-life. Later in the interview the students were asked if they would be interested in 

participating in another, similar mathematics investigation, and all the participants responded 

with certainty that they would, even though during the interviews some admitted they had felt 
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challenged. When asked to elaborate, the students shared their thoughts, adding further 

support to the emotional engagement aspect of the investigation: 

 Freya:  100 percent, I really enjoyed this because like, it's just different to what 
   we normally do and I really enjoyed it. It's really fun.  
 
 Willow: Yes. This was like, one of the funnest [sic] maths, like, things we've 
   done before. 
 
 Lucy:   Because it was like, it was different and I like different. And so it was 
   really fun, really engaging. Yeah, just, it was really different.  
 
 Lara:   Because it had a high level of engagement that made it really  
   enjoyable. And that we could actually do maths without having to be 
   robots every day just like doing the same thing.  
 
 Eric:   I'm like, yeah, because I think this experience is really unique and it's 
   like, it's out of the normal and for us, we just find it really fun. 
 
 Matt:   I guess it was like it was just very interesting to see all that.  
 
 Nick:   Well, honestly, I just want to see what new stuff will appeal for me. 
 
 Lewie:  Because I felt like, it was Maths Pathway, 1 to 10 for me is about a 2. 
   But that maths investigation we did over the past two weeks, solid 8 
   out of 10.  
 
 Gemma:  Because it was fun and I would definitely do it again. 
 
 The student comments clearly demonstrate that they had fun and enjoyed the 

mathematics investigation and, although there is some evidence to suggest why they enjoyed 

it, this finding is still not completely clear and likely differed from student to student. 

Research suggests that the positive emotions may be related to the academic content, 

available choices, challenge (Attard, 2012a), their friends, teacher, or the novelty of doing 

something different (Fredricks et al., 2004).  

Recent research on the psychological needs outlined by the self-determination theory 

(Ryan & Deci, 2017) has included the potential need for novelty (Benlahcene et al., 2020). 
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The need for novelty refers to “the innate desire to experience new things that have not been 

experienced before or that differ from a person’s daily routine” (Benlahcene et al., 2020, 

p.1291). González-Cutre and Sicilia (2019) found that, beyond the three basic needs of 

autonomy, competence, and relatedness, novelty was significantly associated with positive 

outcomes, motivation and satisfaction of students. Within this study, many of the students 

indicated that they enjoyed the investigation because it was “unique”, “different”, or 

“different to what we normally do”; therefore, the novelty factor needs to be considered as 

one of the factors that may have positively impacted emotional engagement.  

 The last question in the interview asked the students to describe their experience 

during the IBL mathematical problem-posing investigation with a sentence, or to share any 

last thoughts about the investigation. The student comments below provide further evidence 

that there was high emotional engagement over the two-week investigation:  

 Zoe:  It was an awesome experience and I feel like other students would like 
   to do this. 
 
 Lara:  It was just a really great experience to just enjoy a different way of  
   math. The experience, it was fun, enjoyable and challenging at some 
   points. 
 
 Milly:  I'd say it was a great learning experience and it was challenging at  
   some points like what Lara said, but also really fun. 
 
 Matt:   Umm, probably like, very interesting. And it was very out of the blue, 
   and it was quite funner [sic] than a regular maths session. 
 
 John:   I found the experience was really fun because it had a change from just 
   Maths Pathway. 
 
 Lewie:  I would describe it as a fun, a fun experience. 
 
 Koby:  This was an amazing experience and if you ever have the chance to do 
   this, accept it. 
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 The qualitative interview data presented in this section clearly indicates that the 

students were emotionally engaged during the IBL mathematical problem-posing 

investigation. The students experienced a range of positive emotions including interest, 

enjoyment, fun, and novelty. Furthermore, the interview data indicated that all students were 

interested in participating in another similar investigation, suggesting that the investigation 

was a positive experience for them and increased their engagement in mathematics.  

Skinner et al. (2008) explain that emotional and behavioural engagement are closely 

linked, and that theories related to engagement and motivation suggest that “it is engaged 

emotions, such as interest and enthusiasm, that fuel engaged behaviours, such as effort and 

persistence” (p.767). As previously mentioned, the video observations indicated that 15 of the 

17 students were observed to be behaviourally engaged throughout the investigation; 

however, it must be noted that it is difficult to observe emotional engagement and, as such, it 

must be inferred from demonstrated behaviours (Fredricks & McColskey, 2012). Therefore, 

the reports from the students of emotional engagement collected through the semi-structured 

interviews are difficult to triangulate, and are used here in combination with the behavioural 

engagement observations to support the finding that the students were emotionally engaged 

during the IBL mathematical problem-posing investigation.  

Cognitive Engagement and Learning Transfer 

 The third theme that arose from the data in relation to engagement relates to the 

learning that occurred during the investigation. During the interviews the students explained 

that they were able to use the knowledge and skills previously acquired while working on 

their investigations. The investigation offered the students an opportunity to practically apply 

previously learnt skills, build confidence, and challenge themselves intellectually. This aspect 

of engagement is known as cognitive engagement, which emphasises self-regulation and 

personal investment in learning (Fredricks, 2011). It includes intrinsic motivation and how 
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students maintain effort despite distractions, display flexibility in problem solving, control 

and manage tasks, and exert effort to develop complex ideas and understanding (Fredricks et 

al., 2004; Skilling, 2014). The qualitative data from the interviews, video observations, and 

student work samples together demonstrated that most students were cognitively engaged. 

When asked about the mathematical learning over the two-week period, many students 

explained that the investigation provided an opportunity to practise learnt skills which helped 

them to feel more confident in their mathematical understanding: 

 Koby:  Practising stuff that I already knew. But I felt like I had grown, I  
   learned. I had boosted my confidence on that stuff that I was still  
   learning…because I practiced stuff that I don't really practise anymore. 
   So, I feel like that I got a lot better, like at times tables. 
 
 Lucy:  It was helpful in many ways, but mostly practising and like, trying to 
   know the maths you already know but like knowing it better and  
   understanding it. 
 
 Freya:  I learned some new times tables, like some new ones that I didn't know 
   because as I said, I wasn't very confident with times tables. But like 
   with my group, we all worked it out together. And it helped me quite a 
   lot. So I could understand more like, times tables. 
 
 Zoe:  Actually I haven't done a lot of measuring in quite a while so that was 
   quite new to me because I'm not that good at measuring but really  
   helps working as a team, because they helped me. 
 
 Milly:  Maybe [I learnt] a few things like, but mostly just practising the things 
   that we already knew. And like, putting it to the test and using it. 
 
 The above excerpts from the interviews provide evidence that the IBL mathematical 

problem-posing investigation was an opportunity for the students to develop their conceptual 

understanding, a key component of cognitive engagement (Fredricks et al., 2004).  

Additionally, the students practised their skills, reviewed their knowledge, and transferred 

their understanding through practical application. As indicated in the literature review, 

Sullivan (2011) outlined six key principles for effective teaching of mathematics with one of 
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the key principles highlighting the importance of transferring learnt skills. Haskell (2001) 

explains that learning transfer happens when students recognise past learning and, apply and 

extend that learning in a different situation. This aligns with the expectations of the Learning 

Continuum of Critical and Creative Thinking (CCT) within the F-10 Australian Curriculum, 

which expects learners to transfer knowledge into new contexts (ACARA, 2016b). For 

example, by the end of Year 6 students are expected to “apply knowledge gained from one 

context to another unrelated context and identify new meaning” (ACARA, 2016c). The 

ability to transfer concepts, skills and procedures is one that concerns many educators and 

managers in work environments (Dixon & Brown, 2012). Students often fail to recognise that 

their learning can be used to solve similar real-life problems because they differ from the 

structured situations presented in school (Dixon & Brown, 2012). Paige’s comments about 

the investigation, and “usual math” reflect a previous lack of opportunities to transfer 

mathematical learning to real-world situations or investigations:  

 Paige:  Um, it was very different, because it's a different world, different math 
   learning, because you'd always have to think about money, and like 
   how much it costs and your budget. So that's very different to the ones 
   that we do on our levels [referring to Maths Pathway]. And you  
   learn like how to, you learn new things, like what some people  
   actually do this for, like to organise tournaments, like in different  
   sports, and they actually have to plan this out every time. So, it's like, 
   wow. 
 
 Paige:  It's just, we usually don't do that. We always just learn all the usual 
   math like additions, subtraction. 
 
 Paige:  I think I gained a lot, a lot of math knowledge, because, again, I said, 
   people were actually doing the tennis tournament, and being in their 
   shoes is just like you're learning new things all the time. 
 
 Paige’s comments demonstrate the need for a variety of learning environments within 

the classroom, as students need the opportunity to transfer their understanding, apply and 

develop their mathematical skills, and connect mathematics to real-life. The importance of 
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transferring learning has been debated over time, with some researchers seeing the transfer of 

learning as a core instructional goal, whilst others believe it is impossible to teach, or are 

dissatisfied with current theories which have had greater focus on the learning of experts 

(Anderson & Beavis, 2019). Regardless, Anderson and Beavis (2019) claim that most 

researchers: 

 see the transfer of learning as important in and beyond schooling. Some go further 
 to assert it is the ultimate aim of teaching because it is foundational to learning, 
 thinking and problem-solving. A number note the inextricable link between 
 learning and the transfer for learning. (p.19) 
 
 Transferring learning to new contexts requires students to use CCT and be cognitively 

engaged (Lucas, 2019). Students need to self-regulate, use metacognitive strategies, and 

higher order thinking (ACARA, 2018), to make meaningful connections, process thoughts, 

and apply understanding. CCT is a necessary capability for student success now and in the 

future (Lucas, 2019), with creativity, critical thinking, and complex problem-solving being 

highlighted, in one survey, as the three most important skills needed by employers (World 

Economic Forum, 2016). Some theorists claim that “learning transfer refers to a broad 

conception of learning that is more an orientation, predisposing people to want to learn and 

keep learning” (Anderson & Beavis, 2018, p.3). From this perspective, learning transfer is 

seen as a habit of mind rather than an instructional goal (Haskell, 2001), and provides a much 

broader view of the goals of education. Capability aspects such as dispositions, attributes, 

habits of mind and competencies have increasingly appeared in school systems for the past 

two decades (Lucas, 2019), and have linked learning transfer to motivation, engagement in 

learning, and persistence (Haskell, 2001; Pugh & Bergin, 2006). The IBL mathematical 

problem-posing investigation provides an opportunity for students to connect their learning to 

real-life and encourages learning transfer. 
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 In addition to the qualitative interview data, the student work samples, video 

observations, and current literature were used to triangulate findings of cognitive 

engagement. Evidence of self-regulation, sustained effort, and conceptual development were 

identified. Self-regulation includes the use of higher order thinking and metacognition 

strategies (Zimmerman, 1900), with higher order thinking skills including the ability of 

students to interpret, analyse, or manipulate information (Newman, 1990). Within this IBL 

mathematical problem-posing investigation, all students were required to develop their own 

questions and research additional information, then interpret and analyse the information to 

be able to successfully apply it during their investigations. Students demonstrated sustained 

effort and cognitive development in their work samples by using different mathematical 

strategies, demonstrating a willingness to persist when chosen strategies did not work, and 

through evidence of understanding mathematical concepts.  

In the student sample below (Figure 4), the students investigated the drinks and food 

products that would be sold at a tennis tournament and this involved researching different 

products, calculating the costs per item and potential profits. Initially the students in this 

group began researching the individual ingredients for cheeseburgers but, after some 

discussion, decided to calculate the costs for catered Subway platters instead. This is seen in 

Figure 4 (next page) with the initial work crossed out, and calculations for 20 platters 

following on. As seen in the work sample, the students additionally calculated the price to 

double the number of platters; however, they later decided this amount was unnecessary. The 

willingness to persevere, even though their first idea did not work, demonstrates sustained 

effort and a growth mindset which has been linked to increased mathematical learning 

(Boaler, 2015), and a learner’s belief they can act and make appropriate or responsive choices 

(Anderson & Beavis, 2018). The work sample also demonstrates conceptual development of 

a range of mathematical concepts such as multiplication, division, and rounding as well as the 
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higher order thinking skills the students were required to use to analyse, evaluate, and 

manipulate information (Newman, 1990). The video observations taken during the student 

presentation of work at the end of the investigation confirms the cognitive engagement and 

challenge that many of the students felt. By way of example, one student, Milly, explained: 

 sometimes we struggled to comprehend all of the working out but thanks to the help 
 of Miss E we were able to calculate things more easily.  

 
This again highlights the importance of teacher support and guidance during IBL 

investigations. 

 

 

 

Figure 4 
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Student Work Sample A Demonstrating Self-regulation, Sustained Effort, and Conceptual 

Development         

 
 Another student work sample, that demonstrates cognitive engagement through self-

regulation, sustained effort, and conceptual development, is shown in Figure 5 (next page). 

This group worked on planning a school excursion, for 18 students and three teachers, to the 

Melbourne Open tennis tournament. The students researched accommodation at a youth 

hostel, flights, and activities for the trip. They also calculated costs for each aspect, the total 

cost of the trip, and began creating an itinerary.  

The students used higher order thinking skills to make decisions about what needed to 

be researched, to interpret information, and they used their mathematical skills and 

understanding to calculate costs and duration of time. The students reported experiencing 
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challenges during the investigation. For example, when asked specifically about challenges, 

Matt replied: 

 Yeah, random things popping up. Like we didn't really know we had to do the 
 individual prices for everything and the schedule, we had all that stuff. 

 
Matt’s comments highlight the complex thinking that was required by the group to manage a 

range of information and apply it to their investigation. Regardless of the challenges the 

students were able to maintain their effort throughout the two-week investigation. 

Figure 5 

Student Work Sample B Demonstrating Self-regulation, Sustained Effort, and Conceptual 

Development 
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 Although cognitive engagement was evident in the seven student group work samples, 

two group work samples lacked evidence of cognitive engagement. The work samples from 

one of the groups that demonstrated minimal cognitive engagement, included a sketch of a 

tennis court, the calculation for the perimeter of a tennis court, and photographs of a tennis 

court measured out in the school yard (Figure 6). Although learning is evident in the samples, 

and the group members reported being engaged, the work samples indicate that the depth 

expected for two weeks of work in Year 5 was not achieved. However, when analysing the 

video observations for cognitive engagement, non-verbal indicators such as gestures and 

body orientation (Li, 2021) indicate that this group was engaged. Therefore, it is unclear 

whether the lack of evidence of cognitive engagement in work samples demonstrates lack of  

cognitive engagement or whether other unknown factors led to them having minimal 

evidence in their work samples. It is beyond the scope of this project to investigate the 

possibilities for the lack of evidence in this situation; however, further teacher support may 

have been required or the students may have forgotten to include all their work samples when 

submitting their folder to the researcher. 
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Figure 6  

Student Work Sample A - Demonstrating Limited Self-regulation, Sustained Effort, or 

Conceptual Development            

                 
 The second group, which included Eric and Simon, also lacked evidence of cognitive 

engagement in their work samples producing a simple bar graph by the end of the two-week 

period (Figure 7). Although both students reported feeling emotionally engaged during the 

investigation, the video observations revealed that they required frequent re-direction from 

the teacher, and were chatting, laughing, and generally disengaged unless directly supported 

by a teacher. The video observations taken during the student presentation of work at the end 

of the investigation suggest that one of the reasons for this was having to change their 

investigation question at the halfway point, with Eric explaining to his classmates, “Just a 

little heads-up, halfway we had to change, the whole thing had to change, so keep in mind, 

we only had half the time that you guys had.” However, the video observations indicate that 

Eric and Simon were behaviourally disengaged most of the time. Again, it is beyond the 

scope of this project to investigate further reasons for this disengagement.  

 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING  
DURING AN IBL MATHEMATICAL INVESTIGATION 

73 

Figure 7 

Student Work Sample B Demonstrating Limited Self-regulation, Sustained Effort, and 

Conceptual Development 

  

 Students who are cognitively engaged demonstrate persistence, show a desire for hard 

work, and are willing to persevere through mistakes (Fredricks et al., 2004; Skilling, 2014). 

The qualitative interview data, video observations, and student work samples have provided 

evidence that most groups were cognitively engaged during the IBL mathematical 

investigation. The focus of this project was on student perceptions of engagement and 

problem-posing, and the data collection methods aligned with the nature of a MEPS project 

and were manageable for a sole researcher. Therefore, the project did not include data 

collection on student mathematical abilities before and after the project, nor did it assess 

academic achievement in the investigation against grade level standards, which may have 

assisted in understanding the depth of cognitive engagement. 

Section Summary  

 The purpose of this study was to explore student perceptions on engagement and 

problem-posing during an IBL mathematical problem-posing investigation. This section has 

focused on engagement, which has been established as an important predictor of student 

achievement, participation, learning, and academic resilience (Fredricks et al., 2004). While 
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the study of engagement in mathematics is well developed (Fredricks & McColskey, 2012; 

Leder & Grootenboer, 2005), the issue is ever-present and the need to improve engagement 

levels across all ages is still of concern. Engaging students positively with mathematics early 

in primary school is a necessary first step.  

 The research reported here was based on the theoretical understanding that 

engagement is three dimensional – behavioural, emotional, and cognitive (Fredricks et al., 

2004; Watt & Goos, 2017). Semi-structured interviews were the primary source of data, 

while video observations and student work samples were used to triangulate findings to 

reduce researcher bias and maintain internal validity (Cohen et al., 2018). The first theme, 

Collaborative Learning, indicated the students perceived that working collaboratively with a 

partner or in a small group, was beneficial to their engagement and learning. This aspect of 

engagement relates to behavioural engagement and is demonstrated when students actively 

participate with their peers and teachers, ask questions, and contribute to discussions (Böheim 

et al., 2020; Fredricks et al., 2004; Skilling, 2014). The video observations corroborated the 

interview data for all but two students, who were observed to require continual re-direction 

and teacher support to stay on task.  

The second theme, Enjoyment and Interest, highlighted the emotive language the 

students used to describe their regular mathematics lessons, and the IBL mathematical 

problem-posing investigation. There was clear evidence that the students experienced 

positive emotions during the IBL mathematical problem-posing investigation, including a 

sense of enjoyment, fun, interest, and feelings of confidence. Emotional engagement 

incorporates student attitudes, interests, and values, and focuses on levels of enjoyment 

(Fredricks et al., 2004). However, as emotional engagement is difficult to observe (Fredricks 

& McColskey, 2012), the reported perceptions were the main indicator that students were 

emotionally engaged during the IBL mathematical problem-posing investigation.  
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The third theme, Cognitive Engagement and Transfer of Learning, focused on the 

learning that occurred during the investigation. The students indicated that the IBL 

mathematical problem-posing investigation provided them an opportunity to apply their 

previous learning, transfer learning to a new situation and become more confident, which 

supported the development of their conceptual understanding. Cognitive engagement, the 

third domain of engagement, focuses on self-regulation and personal investment in learning 

(Fredricks, 2011). Student work samples and video observations supported the findings that 

most groups used higher order thinking (Newman, 1990), metacognitive strategies 

(Zimmerman, 1990), sustained effort, and developed conceptual understanding. However, 

two work sample folders contained minimal evidence of cognitive engagement, with one 

group observed being behaviourally engaged, and one group observed being behaviourally 

disengaged.  

 The findings indicate that all students perceived themselves to be emotionally 

engaged (n=17), while almost all (n=15) were behaviourally and cognitively engaged during 

the IBL mathematical problem-posing investigation. Although two of these students lacked 

work sample evidence of cognitive engagement, the video observations indicated otherwise 

and, therefore, it is difficult to determine their true engagement levels. The data also provided 

some insight into why the IBL mathematical problem-posing investigation may have been 

engaging for most students. Throughout the interviews the students suggested that the 

investigation provided them with opportunities to make choices, work autonomously within 

their group, support peers in their learning, build peer relationships, and challenge 

themselves. These findings align with Ryan & Deci’s (2017) self-system model of 

motivational development which is based on self-determination theory and focuses on three 

fundamental motivational needs: competence, relatedness, and autonomy (Fredricks & 

McColskey, 2012; Ryan & Deci, 2017). The findings are also consistent with other literature 
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such as the work of Attard (2013, 2012a, 2012b, 2011; Attard & Holmes, 2019), which found 

that students were engaged when elements of choice and creativity were built into lessons, 

students had a sense of control over their own learning ,and were able to make strong 

connections to the real world.  

Additionally, the findings in this section suggest that novelty may be a contributing 

factor for interest and engagement. As discussed earlier, recent research related to self-

determination theory has included the potential need for novelty as a motivational factor 

(Benlahcene et al., 2020) and may play a role in the engagement of the students during the 

IBL mathematical problem-posing investigation.  

 Although perceptions of engagement were the focus of this section, the evidence also 

suggests that open inquiry (Bruder & Prescott, 2013), and the implementation of IBL, was 

useful in engaging students to work collaboratively, develop questions and make choices 

about what needed to be researched, and what methods and strategies to use. It was these 

features that created an environment where the students felt a sense of competence, 

relatedness, and autonomy. These findings correlate with the findings of Dorier and Maaß 

(2020), and Fielding-Wells et al., (2014), who separately reported a positive effect of IBL on 

interest, engagement and motivation of mathematics students, and the ability of students to 

transfer their learning to complex and authentic problems.  

 It should also be noted that although engagement has been discussed in a somewhat 

compartmentalised way by separating behavioural, emotional, and cognitive engagement, 

they are interconnected, affecting each other in various ways. Students who are actively 

participating, asking questions, engaging in discussions (behaviourally engaged), and self-

reporting or demonstrating interest and enjoyment (emotionally engaged) may not be 

cognitively engaged (Skilling, 2014). For example, discussed above as an aspect of behaviour 

engagement, was active participation and working collaboratively; however, positively 
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engaging with peers may also impact emotional engagement, and potentially affect cognitive 

engagement when considering peer tutoring and the transfer of learning. When one aspect of 

the environment or learning engagement is altered, all three types of engagement are 

influenced (Fredricks et al., 2004). Various combinations and levels of engagement may exist 

and when designing learning engagements, they should be considered more holistically with 

consideration to the multidimensional and complex field of engagement in learning.  

 Finally, one aim of this project was to investigate student perceptions of engagement 

during an IBL mathematical problem-posing investigation. There are many factors that may 

influence engagement or disengagement such as prior experiences, the teacher, learning 

needs, and personal interests. However, it was beyond the scope of this project to delve into 

each aspect that may or may not have been a contributing factor. The use of student voice and 

the triangulation of video observations and student work samples did, however, help to create 

a well-rounded view of this two-week IBL investigation from the student’s perspective. 

Limitations and areas for future research will be discussed in the following chapter. 

Problem-posing using a video prompt as stimulus during an IBL mathematical 

problem-posing investigation.  

 In order to address the second research question and sub-question, in this section the 

findings regarding students perceived ability to problem-pose using a video prompt as 

stimulus will be presented and discussed. Although most students reported that they did not 

find problem-posing challenging, the interview data, student work samples, student 

reflections, and video observations were triangulated to assist in the interpretation of the 

student feedback. This process also aided my understanding of what instructional strategies 

helped support the students to problem pose. The findings for these two questions are 

presented together due to the complexity and relationship between them. Although the 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING  
DURING AN IBL MATHEMATICAL INVESTIGATION 

78 

students were confident in their ability to problem-pose, the triangulation of the data 

demonstrated that instructional strategies supported them to do so.  

 At the beginning of the two-weeks, students were shown a video stimulus 

(https://www.youtube.com/watch?v=cHF11BWIbEk) and asked to create mathematical 

investigations. The students were able to devise any mathematical investigation within  the 

broad topic of tennis, embodying a free problem-posing situation (Stoyanova & Ellerton, 

1996). During the semi-structured interviews, students were asked to describe what they 

investigated and whether they found it difficult to come up with an investigation and 

problem-pose their own questions. Additionally, they were asked if they could suggest an 

additional problem to investigate. The investigation topics displayed in Table 2 demonstrate 

that there were similar topics between groups such as, “Planning a tennis tournament at a 

local facility”; however, within the investigations, different groups focused on different 

aspects of planning a tournament and thus had different focus questions. For example, Koby 

and Freya focused on researching the costs to hire courts, umpires, and commentators, and 

then used this information to determine ticket prices for the tournament. Nancy and John 

focused on finding the closest tennis facility from school, the costs to hire a bus for the class 

and courts for a day, as well as developing a tournament bracket and schedule.  

Table 2 

Student Investigations  

Students Investigation 

Nick, Matt, and  
George (not interviewed) 

1. Building a tennis court (total costs) 
2. 3-day class trip to the Melbourne Open  

Koby, Freya, and Lewie 1. Tennis tournament at local tennis facility (Koby and 
Freya) 

2. Tennis stadium layout, drawing to scale (Lewie) 

Gemma, Zoe, and Willow 1. Building a tennis court at school  
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Eric and Simon 1. Tennis racket dimensions and costs to make  
2. Tennis player wealth and popularity 

Nancy and John 1. Class tennis tournament at a local tennis facility  

Paige and Lucy 1. Class tennis tournament at a local tennis facility 

Milly and Lara 1. Food and drinks for canteen at a tennis tournament 

 
 When asked whether they found it challenging to create their own investigation and 

questions based on the video stimulus, 12 students reported that they did not find it 

challenging, two reported that it was slightly challenging, one student did not respond to the 

question, and one student’s response was inaudible due to the student mumbling. Many of the 

student’s responses were simple and direct, with minimal or no elaboration: 

 Nick & Matt:  No, not really.  
 
 Gemma:  Nah, not actually. 
 
 Lewie:   I mean, kind of, not really. 
 
 Eric:   A bit.  
 
 Freya:   Not with our group, because we all kind of agreed with the  
    certain topic straightaway with money because it was like, like, 
    we can do more stuff within that. So yeah, it was pretty easy at 
    the start. 
 
 The responses were somewhat surprising because the video observations indicated 

that the students required scaffolding at the beginning of the two-week period to connect 

mathematics to the stimulus and create an investigation. The teacher supported the students to 

connect mathematics to their observations from the video, develop a ‘big idea’ from their 

observations, and understand that within every ‘big idea’ there could be multiple 

mathematical questions. Some student responses did, however, reflect the amount of support 

that was provided:  
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 Paige:  Not really, because you gave us an example. And we thought oh, we 
   could, well, I thought, I thought that oh, we can, we can actually go in 
   deep, so we can learn. 
 
 Nancy:  Well you helped us choose those ones, we had written them all down 
   and you helped us. 
 
 Milly:  It was pretty simple because we thought, well, pretty good overall idea 
   of that  video was a tournament because of the way that they were [it 
   was] supplied, like how there were options for the starting idea, and we 
   could like sample one of those and use that, I think that made it quite 
   easy and nice. 
 
 To understand the process and strategies that were used to support the students to feel 

confident in problem-posing, a description is provided here. The aim here is to further 

understand the student perceptions, as well as to develop a deeper understandings of the 

instructional strategies that can be used in free problem-posing situations (Stoyanova & 

Ellerton, 1996) during an open-inquiry, in primary school classrooms. Before watching the 

video stimulus, the students were asked to brainstorm the mathematical concepts they were 

familiar with. This was done to activate the students’ thinking about mathematics, and to help 

prepare them to develop mathematical questions. The students recorded their ideas on 

Padlet.com and they were shared with the class.  

After watching the video stimulus, the students engaged in the Visible Thinking 

Routine, ‘see, think, wonder’ (Harvard Graduate School of Education, 2009). Visible 

Thinking Routines were designed by Harvard Project Zero to promote critical thinking 

processes in children, with ‘see, think, wonder’ used to encourage “students to make careful 

observations and thoughtful interpretations while stimulating curiosity and setting the stage 

for inquiry” (Lowe et al., 2013, p.6). During the ‘wonder’ phase of the thinking routine the 

students were encouraged to pose mathematical questions. The teacher prompted the students 

by asking, “What mathematical questions can you come up with?” and “What wonderings 

can you think of that have to do with maths?”. This was consistent with the findings of Zhang 
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and Cai (2021) who reported that most real-life mathematical prompts are presented to 

students with phrases similar to “What mathematical problems can you pose?” (p.967). While 

the students recorded 54 questions onto the shared Padlet, only four were easily linked to 

mathematical concepts e.g. area, perimeter, and money. This revealed how challenging it was 

for the students to connect mathematics to the stimulus. Most of the questions focused on the 

emotions of the people in the video or were closed questions which were subjective. 

Although an argument can be made that mathematics could be used to answer questions 

through statistics, or data collection and analysis, the idea here was to create a mathematics 

investigation which could be explored over two weeks. It would be impossible to interview or 

survey the people in the video and therefore questions related to their emotions were not 

applicable. The four mathematical questions, and a sample of the non-mathematical 

questions, are shown in Table 3 below.  

Table 3 

Student Question Examples 

Mathematical Questions Examples of  
Non-mathematical Questions 

What is the total perimeter of an 
average tennis court? 

I wonder if they play it 
professionally? 

How big is a tennis court? How are they feeling? 

How much does it cost to buy a 
tennis court? 

Do they get worried before a 
tournament? 

I wonder how much money they 
earn? 

Is there a certain technique to 
playing tennis? 

 
 In addition to the 51 questions, two students questioned the connection to 

mathematics, Nick wrote, “How does tennis relate to math?”, while Koby wrote, “How does 

tennis have anything to do with MATH!!?” These questions clearly indicate that they found it 
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difficult to connect mathematics with the video stimulus. However, Nick’s later comment 

indicates a shift in his thinking from the beginning of the two-week investigation to the end: 

 Nick:  Well, it was kind of out of the blue when you showed us the tennis  
   video. Also, I thought how can this relate to maths. And when we  
   actually go into it, I realise how like, how much maths is involved in 
   everything. I would just look at these flowers and say they aren’t really 
   maths, but now I can see there is math in them. 
 
 Other comments featured earlier, add further support to the impact of scaffolding 

during the investigation. The scaffolding helped the students to connect mathematics to the 

real-life situation presented in the stimulus, and opened their eyes to a world that is full of 

mathematics: 

 Matt:  They [teachers] should have taught us that pretty much everything can 
   be math.  
 
 Milly:  Yeah, how you wouldn't think it would be that involved in math, but it 
   is and  you have to use your brain in a way that you wouldn't think to 
   use it. And yeah, that was just really cool to experience. 
 
 These findings are consistent with the findings of Bonotto and Dal Santo (2015) and 

Singer et al. (2015) who found that it was challenging for students to problem-pose, and that 

students need scaffolding to mathematise questions and ideas (Fielding-Wells et al., 2014). 

To help the students to see the mathematics in their daily life, and also the mathematics in the 

video stimulus, Math Curse, a picture book by Jon Scieszka and Lane Smith (1995), was read 

to the class. The book follows a boy through his week and, as the story unfolds, he realises 

that he is surrounded by math problems everywhere he goes. After reading the story the 

students were given a paper copy of the Padlet questions and asked to find the mathematical 

ones or add new questions. The students were also encouraged to think of some ideas as ‘big 

ideas’ that could have multiple questions within the idea. The class then discussed and 

collated the ideas onto a new Padlet (Figure 8 next page). 
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Figure 8 

Mathematical Questions Collated on Padlet 

 
 
 Previous studies focusing on problem-posing have used specific criteria to evaluate 

the problems posed by students. Silver and Cai (1996) classified problems, that are developed 

in a structured situation, based on linguistics, mathematical solvability, and complexity, while 

Cankoy (2014) classified problems-posed in terms of reasonability, mathematical solvability, 

and mathematical structure. These studies classified a problem as unsolvable if it lacked 

sufficient information (Cankoy, 2014; Silver & Cai, 1996); however, in the present study the 

students were able to use research to discover previously unknown information.  

The video stimulus was not intended to provide enough information for the students 

to pose problems that could be solved immediately; rather, it was used to spark curiosity and 

encourage students to make connections between mathematics and real-life events. Once the 

student’s ideas were collated on the Padlet, they then worked with their collaborative partner 

or group to choose a ‘big idea’ and brainstorm related questions that could be investigated. 

Although the students were able to develop a new idea if they wished, all participants 

selected an idea that had been developed collaboratively. The students then brainstormed in 

their collaborative groups to develop investigable questions or secondary ideas which were 

related to their ‘big idea’. Their brainstorm was then used to select a starting point for their 

investigation.  
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The student work samples (Figure 9) illustrate the ‘big idea’ in the centre of the mind 

map, and the type of questions or secondary ideas the students developed are positioned 

around the outside of the map.  

Figure 9 

Student Work Samples: Investigation brainstorm 
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On day three of the investigation the students commenced working on their initial 

investigation questions; however, the work samples and video observations demonstrated that 

some groups were, at this time, still having difficulty mathematising their investigation. For 

example, Koby and Freya decided to work on ticket prices for a tournament, creating a ticket 

price list with no research of costs for the tournament. Instead they randomly selected prices 

that they thought were appropriate, which involved recording dollar amounts but had no 

mathematical working or thinking involved. After conferencing with the teacher, Freya and 

Koby changed their approach and began researching the costs of hiring a local tennis court, 

umpires, and commentators for their tournament. They then used the information to calculate 

total costs for the tournament, and ticket prices based on covering expenses and making a 

profit. In doing this they also calculated how many players would participate? How many 

games would be played? And how many hours they would need the courts?  

During their class presentation at the end of the two weeks Koby and Freya noted that 

they had started to create ticket prices but “it didn’t work out so well, so we had to restart”. 

This indicates that they were aware of the challenges they faced, and contradicts their 

perceptions shared during the interview. Freya’s comment, “…so yeah, it was pretty easy at 

the start”, therefore, may not be a true indication of whether they were easily able to 

mathematise their ideas. It does however indicate a sense of confidence to do so.  

It is beyond the scope of this project to fully understand why some students felt 

confident to problem-pose even though the evidence indicates they needed scaffolding and 

support. It may have been the result of developing an understanding about mathematising 

ideas or it could have been that the support provided was subtle enough that the students were 

able to maintain a sense of autonomy and competence, resulting in high self-efficacy. Dunlap 

(2005) defines self-efficacy as “an individual’s level of confidence and self-judgment 

regarding ability to organize and implement actions needed to perform effectively” (p.67). 
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Self-efficacy has been found to increase during IBL (Dunlap, 2005); however, the 

degree to which it is influenced by teacher involvement is unclear (Tawfik et al., 2020). The 

student-centred environment created through IBL encourages students to be active 

participants in their learning, with teachers often adopting more of a facilitative role (Tawfik 

et al., 2020), using skilful questioning, scaffolding thinking, and avoiding the temptation to 

quickly impart knowledge (Brough, 2012). Within this study the students recognised this 

aspect of IBL, describing the teacher’s role as a facilitator:  

 Koby:  You and Miss E checked around and looked if we had any troubles or 
   not. And if we did, you guys would sit down and help us, and if we 
   didn't, you guys would just walk off, and be like, they don't need any 
   help, they're fine and go see if anybody else needs help.  
 
 Nick:  Helping the students who were stuck doing math questions or like  
   answering questions that they didn’t really understand. 
 
 Freya:  Just looking over us just to make sure that we've got the right criteria 
   of what we needed to accomplish. But other than that, we were mainly 
   doing it ourselves and that's what I like. 
 
 Willow: Checking up on us and like, making sure we stay on track most of the 
   time, and like, helping us if we have problems. 
 
 Paige:  I feel like the teacher's job is to know that we're on track. So we're not 
   goofing around, so we're on task and also that everyone's having fun 
   like, in the flow. 
 
 Milly:  Well, to start off by explaining, what we're doing at the start of the  
   lesson and like, just helping us like figure out what exactly we're gonna 
   [sic] be doing. And then when we start just making sure we're all okay, 
   we know what we're doing. And if we need any help, then they're there 
   to help. 
 
 The idea of the teacher as a facilitator is often associated with student-centred 

learning (Goodyear & Dudley, 2015), and is not a new phenomenon (Morrison, 2014); 

however, it remains a common misconception of IBL, and other constructivist, student-

centred approaches, that the teacher just creates a task and leaves the students to work 
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together to learn (Goodyear & Dudley, 2015; Hattie, 2012). However, there does need to be a 

balance between active teacher involvement and student-directed learning (Cankoy, 2014) 

and it is essential that teachers provide support in an autonomy-supportive way. Cheon et al. 

(2020) used self-determination theory principles (Ryan & Deci, 2017) to develop a teacher 

intervention, which supports teachers in creating an autonomy-supportive classroom 

environment. They found that when teachers allow students to work in their own way, at their 

own pace, provide explanatory rationales, and use invitational language, that these actions 

support students to meet their autonomy need satisfaction (Cheon et al., 2020). This was 

further supported by providing structure through clearly communicating expectations, 

scaffolding progress, offering help, and providing constructive feedback which allowed 

students to experience self-confidence and competence need satisfaction (Cheon et al., 2020). 

 It was suggested earlier in the discussion on engagement that during the IBL 

mathematical problem-posing investigation, the students experienced levels of autonomy and 

competence need satisfaction. This may have contributed to their high self-efficacy and 

perception of ability to problem-pose. Although the contradiction between student self-

perceptions ,and the video observations and work samples is clear, confidence and self-

efficacy may be two of the contributing factors for this. Confidence and self-efficacy have 

been linked to student growth and positive academic outcomes (Ayotola & Adedeji, 2009; 

Bandura, 1986). Students experiencing these positive emotions are more likely to take 

academic risks (Ayotola & Adedeji, 2009), increasing their chance of improving their 

problem-posing abilities. 

 Eric and Simon had, as explained earlier, difficulty with behavioural and cognitive 

engagement throughout the investigation, and they also had challenges with problem-posing. 

They were required to change their investigation on day five of the intervention and the 

implications of this change in direction possibly further undermined / inhibited their ability to 
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present reasonable results. They initially created an investigation about tennis rackets and 

brainstormed three related questions, “What is the material cost?”, “How many threads make 

an average tennis racket?”, and “What are the dimensions of an average tennis racket?” (See 

Figure 9). They finally decided that they would research the information and make a model 

tennis racket using the appropriate measurements. However, the concepts related to 

measuring the head of a tennis racket were difficult to research, and thus were beyond Eric 

and Simon’s current academic ability. They were unsure of the concepts or strategies to use 

and did not have the prior learning required to complete the task.  

 The pair conferenced with the teacher to develop a new investigation and appropriate 

questions, deciding to research the top ten tennis players, and collect data on their popularity, 

their income, and their world rankings. They would then analyse the data to make 

connections between the different categories and decide how to display the data. However, 

Eric and Simon were unable to complete all aspects of their investigation, in the end only 

producing a bar graph, which displayed the earnings of the top ten tennis players of 2021 

(Figure 7). This highlights another challenge with problem-posing, the problems posed need 

to be appropriate for the academic level of the students. Additionally, it is necessary for the 

students to have a good understanding of their own abilities and mathematical content. 

Lowrie and Whitland (2000) found that posing open-ended tasks requires students to 

have a high level of both problem solving and mathematical content. Problem-posing is 

considered to be a more intellectually demanding task than problem-solving (Cankoy, 2014), 

with students needing to consider relationships between content and processes in completing 

a task (Lowrie & Whitland, 2000). Although Eric reported that it was only “a bit” challenging 

to create an investigation and problem-pose questions, without additional teacher support 

they were unable to create an investigation that was suitable for their content knowledge and 

ability.  
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 When the students were asked if they could pose an additional problem to investigate, 

all of the students responded positively with the belief that they could do so. However, most 

of the proposed ideas reflected the ideas of their peers that were shared at the end of the two-

week period. Matt thought they would “probably [plan] a tournament”, and Nick agreed that 

“scheduling a tournament and building it up” was a good idea. Two groups adopted Milly and 

Lara’s idea of calculating the food and drinks for a tournament, with John noting, “Well, we 

didn’t really do food and drinks so we could do that” and Paige explaining that “if we were 

doing the tennis one then, another question would be when we arrange it [to create a 

schedule], or like just like Milly and Lara said, they were having food, that would be the big 

one”. While these are investigable topics, they were presented to the class by their peers and 

lacked originality, suggesting that the students may not be able to problem-pose as well as 

they perceive they can. Other problems suggested by the students also indicated a 

contradiction between the students’ perceived and actual ability to problem-pose. Gemma and 

Eric’s additional problems demonstrate a limited understanding of mathematical concepts and 

processes, and / or a limited understanding of the idea of mathematical problem-posing: 

 Eric:  I'd probably come up with something like, what top 10 players would 

   be like, put into an even tennis match or something. But it's like, it's 

   not like you're  going to have someone like, David Smith or something 

   against like Roger Federer, because that'd be extremely unbalanced. 

 Gemma: Writing a letter to the school to try and build one. Once we are done 

   that, if  they let us build it, we could host a tournament. 

 Eric’s idea lacked logic or an understanding of the task, and did not relate to 

mathematics, rather it focused on something that Eric found interesting to consider regarding 

tennis players. Gemma’s response also suggests she did not understand the task well, as she 

focused first on writing a letter to get the schools permission to build a tennis court, rather 
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than posing a mathematical question or investigable topic. Although both students perceived 

mathematical problem-posing as relatively easy, the comments indicate that it was more 

challenging than they believed it to be.  

The challenge with problem-posing is likely also a result of the lack of experience the 

students had in problem-posing. This was the first time the students had been exposed to the 

idea of problem-posing or creating their own mathematical investigation. The support they 

were given assisted the students to develop their initial investigation topics and questions, and 

it is unknown whether they would be able to work more independently if presented with a 

new video stimulus. It was beyond the scope of this study to provide the students with an 

additional stimulus to evaluate whether an experience of problem posing would help them in 

new scenarios. 

Section Summary  

 A second aim of this study was to explore student perceptions of their ability to 

problem-pose using a video prompt as stimulus during an IBL mathematical problem-posing 

investigation. Problem-posing has been established as an approach that encourages students 

to think and work mathematically and engages students to work collaboratively on a range of 

problems and investigations (Schoenfeld, 2017). The data from the semi-structured 

interviews revealed that the students felt confident in their ability to problem-pose and create 

investigations. However, triangulation of the interview data, video observations, and student 

work samples indicated that the student’s perceptions of their ability were not aligned with 

their actual ability to problem-pose. The video observations and work samples revealed that 

the students initially found it difficult to problem-pose based on their initial brainstorming 

from the video stimulus. They required teacher support and scaffolding to make connections 

between the video and mathematics, and to mathematise their ideas.  
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These findings are consistent with literature from Bonotto and Dal Santo (2015) and 

Singer et al. (2015) who reported that students found problem-posing challenging, and 

Fielding-Wells et al. (2014) who reported that students need scaffolding to mathematise 

questions and ideas. However, with teacher support and scaffolding, all seven groups were 

able to develop a mathematics investigation, and problem-pose questions within their 

investigation. Regarding problem-posing with teacher support, the video provided an 

appropriate stimulus for the students to create an investigation, explore different 

mathematical concepts, and connect real-life events and situation to mathematics.  

 In addition to understanding the student perceptions of problem-posing, this section 

has also provided a brief overview of the instructional strategies that were used to support 

students in developing their problem-posing skills. Throughout the two weeks, the students 

developed their ability to connect mathematics to real-life events and situations and were 

supported in an autonomy-supportive way (Cheon et al., 2020). In adopting a facilitator role 

(Goodyear & Dudley, 2015), the teacher allowed the students to work in their own way, at 

their own pace, and used invitational language, while providing scaffolding, offering help, 

and providing constructive feedback (Cheon et al., 2020). These practises, which align with 

IBL, may have contributed to the students experiencing high levels of autonomy and 

competence need satisfaction (Ryan & Deci, 2017). It is suggested that the contradictory 

evidence between student self-perceptions reported in the interviews, and video observations 

and work samples, may be due to high levels of student self-efficacy. Further it is suggested 

that the autonomy-supportive approach used throughout the IBL mathematical problem-

posing investigation may have contributed to the high levels of student’s self-efficacy.  

 The aim of this section was to understand how Year 5 students perceive their ability 

to problem-pose, using a video prompt as stimulus, during an IBL mathematical problem-

posing investigation, and to describe what instructional strategies supported them to do so. 
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Although the student’s self-reported feeling confident to problem-pose the observations and 

student work samples suggested otherwise. Some suggestions to why this may have occurred 

have been presented; however, it is beyond the scope of this study to investigate the various 

variables that may have contributed to the contradictory evidence. Limitations and areas for 

future research will be discussed in the following chapter.  

Chapter Summary  

 This research project focused on student perceptions of engagement and problem-

posing during an IBL mathematical problem-posing investigation. In terms of engagement, 

the findings suggest that this approach was helpful in engaging students in mathematics, and 

in helping them to connect mathematics to real-life. Regarding problem-posing, the student’s 

perceptions of confidence and self-efficacy were not supported by the video observations and 

work samples, which revealed they needed support and scaffolding. Nevertheless, the 

students were able to create investigations and problem-pose with teacher support. 

Additionally, a brief overview of the instructional strategies that were used to support 

students to develop their investigations was provided as a way of gaining insight into 

understanding the process that students follow in developing their own investigations. In the 

next chapter the limitations of the study will be detailed, along with a description of the 

implications of this study, recommendations for future research, and a personal reflection 

from the researcher.  
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Chapter 5: Conclusion 

 The purpose of this study was to explore student perceptions of engagement and 

problem-posing ability during an IBL mathematical problem-posing investigation. Thematic 

analysis of the semi-structured interview data found three themes related to engagement; 

collaborative learning, enjoyment and interest, and cognitive engagement and learning 

transfer, as well as one theme related to problem-posing; confidence. The themes were then 

triangulated using video observations and student work samples, to validate the findings and 

to develop a holistic understanding of the students experience during the IBL mathematical 

problem-posing investigation. The findings suggest that most students were behaviourally, 

emotionally, and cognitively engaged during the mathematical investigation, each 

dimension of engagement connected to a thematic theme. While there was evidence that 

student confidence and their ability to problem-pose/develop a mathematical investigation 

had improved throughout the two weeks, the video observations and student work samples 

indicated that a high level of support was required. The findings and discussion in Chapter 4 

have implications for curriculum designers and primary school teachers who have the 

important task of developing interesting, engaging, and valuable mathematics experiences 

for their students.  

 In this chapter, a brief summary of the study and its findings will be presented with 

each research question specifically addressed. Following this, the limitations of the study 

will be presented, along with the implications for teaching mathematics and future research. 

The thesis will conclude with personal reflections from the researcher. 

Overview of the study 

 This research explored student perceptions of engagement and problem-posing during 

an IBL mathematical problem-solving investigation. It addressed the growing concern of 

engagement in mathematics by implementing an open, IBL investigation and explored 
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whether having students develop their own mathematical investigations positively 

supported engagement. Additionally, it focussed on problem-posing as an instructional tool 

which encourages students to work collaboratively on an investigation. It contributes to 

developing understandings of the effects of problem-posing activities and the instructional 

strategies that support the implementation of these. While the Australian curriculum reflects 

a shift to thinking and working mathematically (Jorgensen et al., 2020), and there is a 

considerable amount of research that supports IBL as an approach that actively engages 

students, few studies have combined problem-posing, open-inquiry, and engagement in this 

way.  

Research questions 

 This study was guided by three research questions, and these are directly addressed 

here. The first research question was; 

How do Year 5 students perceive engagement in mathematics during an IBL 

mathematical problem-posing investigation? 

 The findings indicate the students perceive they were engaged during the IBL 

mathematical problem-posing investigation. This was evident in the qualitative interview 

data, and the identified themes were collaborative learning, enjoyment and interest, and 

cognitive engagement and learning transfer. After triangulating the interview data with the 

video observations and student work samples it was apparent that all students were 

emotionally engaged (n=17), while almost all (n=15) were behaviourally and cognitively 

engaged during the IBL mathematical problem-posing investigation.  

 The findings also provided some insight into the elements of the IBL mathematical 

problem-posing investigation that were engaging for the students. The data suggests that the 

students were engaged because the learning environment provided them with opportunities 

to make choices, work autonomously with their group, academically support their peers, 



STUDENT PERCEPTIONS OF ENGAGEMENT AND PROBLEM-POSING  
DURING AN IBL MATHEMATICAL INVESTIGATION 

95 

build peer relationships, and challenge themselves. It was also evident that the novelty of 

doing something new or different may have been a significant factor that contributed to the 

student’s engagement. While these findings are noteworthy and provide useful insight into 

designing engaging learning tasks and environments, it is clear that a more nuanced study is 

required to fully understand the intricacies of engagement during open-inquiry 

mathematical investigations.  

The second research question for this study was;  

How do Year 5 students perceive their ability to problem-pose using a video prompt 

as stimulus during an IBL mathematical problem-posing investigation? 

The findings indicated one prominent theme of confidence in relation to the student’s 

perceptions of ability to problem-pose. All the students expressed confidence in their ability 

to problem-pose and develop a mathematical investigation; however, when the interview 

data was triangulated with the video observations and student work samples, it was clear 

that the students required a significant amount of support to make connections between the 

video and mathematics, and to mathematise their ideas. With teacher support and 

scaffolding, all seven groups were able to develop their own individual mathematics 

investigations, and problem-pose questions within their investigation. The video provided 

appropriate stimulus for the students to develop their own investigations when accompanied 

by sufficient teacher support. This aligns with current literature that IBL is beneficial when 

students are adequately supported (Lazonder & Harmsen, 2016). The findings contribute to 

developing understandings of teacher support during open-inquiry investigations, which is 

often misunderstood to have little teacher input or support. It is important that educators 

implementing open-inquiry understand that students must be adequately supported 

throughout the inquiry in order for IBL to be successful.  

The sub-question related to problem-posing was;  
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 What instructional strategies supported the students to problem-pose during the IBL 

 investigation?  

 The data assisted in developing understandings of the instructional strategies that 

were used to support the students when establishing and expanding upon their problem-

posing skills during an open-inquiry. Brainstorming and the Visible Thinking Routine, ‘see, 

think, wonder’ (Harvard Graduate School of Education, 2009) were initially used to help 

the students make careful observations and interpretations of the video stimulus. This 

strategy is purposefully used to set the stage for inquiry and after the wonder phase, the 

students were asked to pose mathematical problems or make connections between the video 

and mathematics. The students used Padlet to document and share their ideas with the class, 

and whilst they needed further scaffolding to make mathematical connections, this 

opportunity for collaboration and idea sharing worked well as a strategy as students used 

these ideas to develop their investigations. One other instructional strategy that was found to 

support students during the IBL mathematical problem-posing investigation was the 

adoption of a facilitator role by the teachers. Students were allowed to work in their own 

way, at their own pace, and the teachers used invitational language, provided scaffolding, 

and offered help and constructive feedback throughout the two weeks as a means of 

supporting them through this process. 

Limitations 

 IBL, engagement, and problem-posing are all complex areas of research in education, 

each with many intricacies. As this was a small-scale initial study there were several 

limitations to the research reported in this thesis.  

 First, the study was limited by time and length. The students had approximately one 

hour a day for two weeks to design and complete their investigation, and the researcher had 

a day at the end of the two weeks to complete the semi-structured interviews. These time 
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constraints restricted the researcher from carrying out further interviews or gathering 

additional data. While the students were interviewed in pairs to alleviate any anxiety that 

they may have felt during the interview process, it is possible that different themes may 

have arisen, and a more holistic view of the investigation might have been gained, if the 

students were interviewed independently. A longer period would have been desirable; 

however, this was not possible within a Masters dissertation.  

 Second, this research was conducted with 17 students in one classroom and at one 

school. Only collecting data on the perceptions and experience of 17 students from one 

cohort limits the scope of perceptions and abilities that may have been identified by a 

broader selection of participants. Having more than one class participate in the IBL 

mathematical problem-posing investigation would have provided a greater understanding of 

both engagement and problem-posing, and would have provided further insights into the 

role of the classroom teacher. 

 Third, the study was undertaken by a sole researcher who led the IBL mathematical 

problem-posing investigation and collected all the data personally. This was the first 

research project undertaken by the researcher and, while considered by the researcher as a 

successful project and an interesting learning opportunity, the researcher is aware that with 

further experience and gained knowledge, the capacity to interview and conduct research 

will improve. Interviewing children presented a challenge, and although open-ended 

questions, encouragement, and thinking time were utilised, on reflection, techniques that 

would have allowed the students to more successfully elaborate their thoughts would have 

been beneficial. Additionally, while the researcher encouraged the students to be open and 

answer questions honestly, there is a power differential when an adult interviews a child, 

and the students may have been inclined to answer in the way they believed the researcher 
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wanted. In hindsight, additional prompts simply asking the students to “tell me more about 

that” may have provided them the space to elaborate further on their thoughts and ideas.  

 Finally, it is clear in the literature that IBL, engagement, and problem-posing are all 

complex and multifaceted areas worth researching in detail. While combining the different 

areas provided a unique approach to the research, it would be beneficial to explore the 

various nuances of each area in more detail. 

Implications for teaching mathematics 

 The findings of this study provide valuable insights which are beneficial for primary 

school educators. The findings showed that the IBL mathematical problem-posing 

investigation was behaviourally, emotionally, and cognitively engaging for the students. 

The students reported elements of the investigation that influenced their engagement, such 

as the opportunity to make choices, work autonomously within their group, academically 

support their peers in their learning, build peer relationships, and challenge themselves. The 

novelty of doing something different was also a contributing factor for engagement. When 

students are actively building their skills alongside their peers, their ability to understand 

complex ideas, and build on their mathematical knowledge is improved. These findings are 

beneficial for curriculum developers and classroom teachers as they provide insight into 

some of the factors that engage students in mathematics learning. Considering these factors 

when planning units of learning would be advantageous to the teachers and students.  

 The use of a real-life situation in the video stimulus also helped the students to make 

connections between real-life and mathematics. The video, and the student’s subsequent 

observations, enabled them to actively develop a new perspective that mathematics is all 

around them and assisted them to see the mathematics in everyday situations and 

environments. Often mathematics is seen as something that is done at school, a process that 

is completed to find an answer. The use of a video stimulus for problem-posing and solving 
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may be a way to build mathematical connections, encourage students to become 

mathematically curious, and help students to understand that mathematics should not be an 

isolated school task or subject.  

 It was also clear from the findings that the students needed to be supported adequately 

to design their own investigations and problem-pose. This is important for all educators to 

be aware of when designing open-inquiry investigations. Although less whole class, direct 

teaching takes place when the teacher adopts a facilitator role, students still require 

guidance, scaffolding, and small group or individualised teaching. A significant 

misunderstanding of open inquiry is that the teacher sets a task, and the children are left to 

work independently or only with their peers as support. Although a common misconception, 

this finding aligns with current literature on IBL (Lazonder & Harmsen, 2016), which 

indicates that students in this study benefited from adequate teacher support in an autonomy 

supportive way throughout the whole investigation.  

Implications for future research 

 While this small-scale study does provide valuable data related to engagement in 

mathematics during open-inquiry, and problem-posing as an instructional tool, it also 

highlights areas for future research. First, further research with multiple participating classes 

or schools would provide a broader understanding of the student experience during the IBL 

mathematical problem-posing investigation and allow for greater generalisation. It would 

also be valuable to have a longer timeframe for the investigation, as two weeks limited the 

depth of learning the students were able to achieve and reflect on.  

  Second, this project attempted to understand engagement and problem-posing from 

the student’s perspective; however, it did not use any formal evaluation rubrics to examine 

the problems posed, nor did it collect data on learning outcomes or the academic 

achievement of students during or as a result of the IBL mathematical problem-posing 
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investigation. It would be beneficial to evaluate the academic rigor or depth of learning that 

was achieved through the investigation. Although it is important to design units of learning 

that are engaging for students, they must also be aligned with the academic goals of students 

and contribute to academic progress. 

Personal reflection  

 As I reach the final stages of the Masters program, and reflect on my first official 

research project, I am thankful for the experience and knowledge that I have gained. I have 

thoroughly enjoyed the challenge associated with the world of research and academics. 

Although this project has focussed on IBL, engagement, and problem-posing, it is clear that 

mathematics education research has innumerable important avenues that can be explored. 

Indeed, there are various pathways to explore that have arisen as a consequence of this initial 

small-scale study as the literature revealed multiple intricacies and gaps that warrant 

investigation in open-inquiry, engagement and problem-posing, both separately and together.  

 If we are to address the continuing decline in achievement and engagement in 

mathematics, we must develop an understanding of the issues facing students and schools. If 

we hope to engage and prepare students for an unknown future, we must be willing to try new 

approaches and programs that elicit fresh responses from students as they venture forth into 

this unknown future. By presenting students with a different way of learning mathematics, 

and by investigating their perspective, this research has taken another small step towards 

understanding engagement and problem-posing. Although my journey of becoming an 

education researcher has only just begun, I am excited by the possibilities that lie ahead. I 

look forward to continuing this learning journey and making valuable contributions to the 

field of mathematics education. 
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Appendix A – Student Interview Schedule 
 
 
 

STUDENT INTERVIEW SCHEDULE 
GU Ref No: 2021/533 

 
General Information 
-  How old are you?  
-  How would you describe your usual mathematics lessons? 
Attitude towards and engagement in Mathematics? 
- Do you enjoy Mathematics?  
- Do you feel confident doing mathematics?  
- What makes an engaging mathematics lesson?  
- What makes mathematics interesting? 
- What aspects of the IBL were engaging?  
- Can you describe your feelings towards the IBL investigation? 
Open-investigation IBL experience? 
- Describe the IBL experience you had over the past two weeks. 
- Did you feel confident during the IBL investigation?  
- How was the investigation different from your usual way of doing mathematics?  
- Did you find anything challenging about the investigation?  
- What did you learn during the investigation? 
- Would you like to do another investigation?  
- How could the investigation be improved? 
- What is your job during the investigation? 
- What is the teacher’s job during the investigation? 
- How did you organise your information? Your thinking? 
Problem Solving 
- What did you investigate?  
- How did you come up with your questions to investigate? 
- Did you like creating your own questions for the investigation?  
- Did you find it challenging to pose your own questions and create an investigation? 
- How many kinds of mathematics were used in this investigation? 
- Did you learn new strategies and skills?    
- Could you pose additional problems to solve? 
Summary 
- Is there anything else you want to add about your experience during the two weeks? 
- How would you describe your experience over the past two-weeks?  
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Appendix B – Participant Information Sheets 

Student Perspectives of Engagement and Problem-
posing during an Inquiry-Based Learning Mathematical 

Problem-posing Investigation 
STUDENT INFORMATION SHEET 

GU Ref No: 2021/533 

Research Team 

Supervisors    Prof Peter Grootenboer p.grootenboer@griffith.edu.au
Assoc Prof Kevin Larkin k.larkin@griffith.edu.au

Student Researcher           Ms. Kristin Zorn          kristin.zorn@griffithuni.edu.au 

School: School of Education and Professional Studies, Griffith University 

I am a post graduate student undertaking a Master of Education and Professional Studies Research at Griffith 

University, and am conducting this research as part of my degree. This research is currently awaiting ethics 

approval, GU Ref No: 2021/533. 
Why this research is being conducted 

This research seeks to explore the views of Year 5 students in relation to engagement and problem posing in 

mathematics. Research is needed regarding whether open-investigations, inquiry-based learning pedagogy and student 

problem posing can contribute to engagement. Inquiry-based pedagogy involves 

classroom practices which encourage students to pose questions, explore, form connections and ideas, communicate, 

justify answers and work collaboratively with their peers. Additionally, the teacher supports pupils through questions, 

scaffolding and fading teacher support.   

What you will be asked to do 

 In this study the researcher will present a mathematical video stimulus and ask you to pose questions to be 

investigated. With the support of the teacher researcher and classroom teacher you will work collaboratively to 

complete an investigation. At the end of the two-week period you will participate in semi-structured interview with 

the researcher to discuss your experience.  

Privacy and Confidentiality 

All efforts will be made to protect your privacy and confidentiality. Once the video lessons and interview has been 

transcribed, all identifying information will be de-identified (removed) and the recordings will be deleted. Your 

participation in this research project is completely voluntary and you may withdraw your consent at any time, before, 

during or after. Students who choose not to participate will join another class and be under the supervision of a teacher. 

A copy of the interview transcript can be made available at your request. 

The ethical conduct of this research  

Griffith University conducts research in accordance with the National Statement on Ethical Conduct in Human 

Research.  If potential participants have any concerns or complaints about the ethical conduct of the research project 

they should contact the Manager, Research Ethics on 3735 4375 or research-ethics@griffith.edu.au  
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Student Perspectives of Engagement and Problem-
posing during an Inquiry-Based Learning 

Mathematical Problem-posing Investigation 

PARENT INFORMATION SHEET 
GU Ref No: 2021/533 

Research Team 

Supervisors    Prof Peter Grootenboer p.grootenboer@griffith.edu.au
Assoc Prof Kevin Larkin k.larkin@griffith.edu.au

Student Researcher           Ms. Kristin Zorn             kristin.zorn@griffithuni.edu.au 

School: School of Education and Professional Studies, Griffith University 

I am a post graduate student undertaking a Master of Education and Professional Studies Research at Griffith 

University, and am conducting this research as part of my degree. This research is currently awaiting ethics 

approval, GU Ref No: 2021/533. 

Why this research is being conducted? 

This research seeks to explore the views of Year 5 students in relation to engagement and problem posing in 

mathematics. Research is needed regarding whether open-investigations, inquiry-based learning pedagogy and student 

problem posing can contribute to engagement. Inquiry-based pedagogy involves 

classroom practices which encourage students to pose questions, explore, form connections and ideas, communicate, 

justify answers and work collaboratively with their peers. Additionally, the teacher supports pupils through questions, 

scaffolding and fading teacher support.   

What participants will be asked to do 

 In this study the researcher will present a mathematical video stimulus and ask students to pose questions to be 

investigated. With the support of the teacher researcher and classroom teacher the students will work collaboratively 

to complete their investigations. At the end of the two-week period students will participate in semi-structured 

interviews with the researcher to discuss their experience.  

Privacy and Confidentiality 

All efforts will be made to protect privacy and confidentiality. Once the video lessons and interview has been 

transcribed, all identifying information will be de-identified (removed) and the recordings will be deleted. Your child’s 

participation in this research project is completely voluntary and you may withdraw your consent at any time, before, 

during or after. Students who choose not to participate will join another class and be under the supervision of a teacher. 

A copy of the interview transcript can be made available at your request.  

The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical Conduct in Human 

Research.  If potential participants have any concerns or complaints about the ethical conduct of the research project 

they should contact the Manager, Research Ethics on 3735 4375 or research-ethics@griffith.edu.au 
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 Student Perspectives of Engagement and Problem-
posing during an Inquiry-Based Learning Mathematical 

Problem-posing Investigation 

TEACHER INFORMATION SHEET 
GU Ref No: 2021/533 

Research Team 

Supervisors    Prof Peter Grootenboer p.grootenboer@griffith.edu.au
Assoc Prof Kevin Larkin k.larkin@griffith.edu.au

Student Researcher            Ms. Kristin Zorn          kristin.zorn@griffithuni.edu.au 

School: School of Education and Professional Studies, Griffith University 

I am a post graduate student undertaking a Master of Education and Professional Studies Research at Griffith 

University and am conducting this research as part of my degree. This research is currently awaiting ethics 

approval, GU Ref No: 2021/533. 

Why this research is being conducted 

This research seeks to explore the views of Year 5 students in relation to engagement and problem posing in 

mathematics. Research is needed regarding whether open-investigations, inquiry-based learning pedagogy and student 

problem posing can contribute to engagement. Inquiry-based pedagogy involves 

classroom practices which encourage students to pose questions, explore, form connections and ideas, communicate, 

justify answers and work collaboratively with their peers. Additionally, the teacher supports pupils through questions, 

scaffolding and fading teacher support.   

What you will be asked to do 

 In this study the researcher will present a mathematical video stimulus and ask students to pose questions to be 

investigated. You will be asked to work together with the teacher researcher to support students to work 

collaboratively to complete their investigations. At the end of the two-week period students will participate in semi-

structured interviews with the researcher to discuss their experience.  

Privacy and Confidentiality 

All efforts will be made to protect your privacy and confidentiality. Once the video lessons and interview has been 

transcribed, all identifying information will be de-identified (removed) and the recordings will be deleted. Your 

participation in this research project is completely voluntary and you may withdraw your consent at any time, before, 

during or after. A copy of the interview and observation transcripts can be made available at your request.  

The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical Conduct in Human 

Research.  If potential participants have any concerns or complaints about the ethical conduct of the research project 

they should contact the Manager, Research Ethics on 3735 4375 or research-ethics@griffith.edu.au  
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Appendix C – Participant Consent Forms 
 
 

Student Perspectives of Engagement and Problem-
posing during an Inquiry-Based Learning 

Mathematical Problem-posing Investigation 
 

PARENTAL/GUARDIAN CONSENT FORM 
GU Ref No: 2021/533 

 

Research Team 
 
Supervisors                        Prof Peter Grootenboer p.grootenboer@griffith.edu.au 
                                           Assoc Prof Kevin Larkin k.larkin@griffith.edu.au                                           
Student Researcher           Ms. Kristin Zorn                                                        kristin.zorn@griffithuni.edu.au  
School:                               School of Education and Professional Studies, Griffith University 
 
By signing below, I confirm that I have read and understood the information sheet and in particular have noted 
that: 
– I understand that my child’s involvement in this research will include participating in a two-week 

mathematics investigation during class time, as well as potentially participating in an 
interview/discussion regarding the experience; 

– I understand the risks involved; and had any questions answered to my satisfaction; 
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