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Research suggests that collaborative learning may enhance the benefits to learners when 

solving cognitively demanding tasks. However, there are concerns about how students 

with different achievement and engagement levels perceive these benefits. This study 

examines how students with varying achievement and engagement levels respond to 

collaboratively solving cognitively demanding tasks. Findings reveal that collaboration 

enhanced peer learning and enjoyment, particularly for low and moderate achievers, and 

increased engagement among less engaged students. The findings highlight the potential 

of collaborative learning to improve problem-solving experiences for diverse learners. 

There is a consensus that high-quality mathematics instruction should involve tasks that 

promote reasoning and problem solving (National Council of Teachers of Mathematics 

(NCTM), 2014). However, primary classrooms often rely on teacher-directed instruction, 

despite evidence linking problem solving and cognitively demanding tasks to higher student 

achievement (Le Donne et al., 2016). One possible explanation for this discrepancy may be that 

some teachers believe complex and cognitively demanding tasks are less suitable for students 

with lower achievement and/or engagement (Sullivan & Mornane, 2014). Research into 

students' views on challenging tasks is growing but studies rarely explore differences in student 

perspectives based on achievement or engagement levels. Generally, students have reported 

that they can both enjoy and learn from these experiences (Russo & Hopkins, 2019; Sullivan & 

Mornane, 2014) but some authors have suggested integrating other instructional practices, such 

as collaborative learning, to further enhance student engagement and participation (Russo & 

Hopkins, 2019).  

Collaborative learning, defined as students' collective efforts to attain shared objectives or 

complete group tasks (Gillies, 2016), is widely recognised for enhancing student achievement 

and engagement (Gillies, 2003). Given its influence on student achievement and engagement, 

it is reasonable to assume that integrating opportunities for problem solving and collaborative 

learning would be productive for learning. There is some existing literature which examines the 

link between collaborative learning and problem solving (e.g., Watson et al., 2001), however, 

there is a scarcity of studies on student perspectives regarding the merge of these strategies. 

An aim of the current study was to examine whether upper primary students with varying 

achievement and engagement levels perceive the benefits of collaborative problem-solving in 

cognitively demanding tasks differently. Examining these differences may offer insights into 

how learner characteristics shape their experiences in this context. Additionally, exploring the 

intersection of collaborative learning and cognitively demanding tasks can inform effective 

classroom implementation. Consequently, this study was guided by the following research 

question: How do students with varying levels of mathematics achievement and engagement 

perceive the collaborative solving of cognitively demanding tasks? 

Literature Review 

The emphasis on challenge and the use of cognitively demanding tasks is grounded in the 

inherent nature of mathematics being a dynamic, problem-solving discipline. One of the 

primary goals of teaching mathematics is to enable students to use mathematical thinking to 

solve problems (Stacey, 2006), and so the solving of cognitively demanding tasks is central to 
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mathematics and essential to its learning. The role of challenge can be examined through 

Vygotsky’s (1978) social constructivism theory. Vygotsky posits learning as a continuous 

progression from the current level or zone to a more advanced one. He describes the Zone of 

Proximal Development (ZPD) as the distance between a learner’s current level and their 

potential development. Learners should be challenged within their ZPD to enhance their 

understanding. The ZPD also highlights the role of social interaction and collaboration, 

particularly with more knowledgeable peers or adults. The intersection of collaboration and 

cognitively demanding tasks within ZPD perspectives is significant. Cognitively demanding 

tasks present challenges just beyond an individual’s capability, while collaborative settings 

enable collective problem solving, enhancing understanding and facilitating learning. 

Cognitively Demanding Tasks and Collaboration 

Cognitively demanding tasks refer to tasks that require significant mental effort and 

complex thinking processes. Leaning on existing literature into task design and challenging 

tasks (e.g., Smith & Stein, 1998; Sullivan & Mornane, 2014), these tasks involve students:  

• using complex, non-algorithmic thinking with solutions not immediately apparent, 

• processing multiple pieces of information, 

• devising their own approaches and methods involving multiple steps, 

• finding multiple solutions or solution strategies, 

• exploring and connecting multiple mathematical concepts, 

• solving problems with considerable cognitive effort and persistence 

• explaining and justifying their thinking and reasoning. 

Many researchers advocate that substantial learning gains occur when students work on 

tasks which require high levels of thinking and reasoning (Russo et al., 2020). In addition to 

learning gains, research has identified links to improved student motivation, participation and 

enjoyment (Russo & Hopkins, 2017; Sullivan & Mornane, 2014).  

Also important to the current study is collaborative learning. Gillies (2016) defines 

collaboration as students working together towards a common goal. Collaborative learning is 

well-documented for its potential to enhance student achievement (Gillies, 2016; Slavin, 2014). 

Through collaboration, students learn to give and receive help, exchange ideas and consider 

diverse perspectives (Gillies, 2016; Webb et al., 2023). It can also improve language and social 

skills and boost motivation through active participation and behavioural engagement (Gillies, 

2016; Johnson et al., 1985; Tunnard & Sharp, 2009).  

The link between collaboration and problem solving is fundamentally tied to the nature of 

the task. Open-ended, discovery-based tasks inherently promote collaboration by encouraging 

discussion, evaluation and collective problem-solving efforts (Cohen, 1994). Consequently, 

cognitively demanding tasks can be effective in facilitating collaborative problem solving. 

Concerns about low achieving and disengaged students are prevalent in both collaborative 

learning literature and studies on cognitively demanding tasks. Some teachers hesitate to use 

challenging tasks with these students (Sullivan & Mornane, 2014), and there are views that 

novice learners may struggle with self-constructed solutions (Kirschner et al., 2006). Similarly, 

debates persist about low achievers in collaborative settings, with some studies suggesting these 

students may not engage or may be overshadowed by high achievers (Mulryan, 1992). 

However, emerging evidence offers a contrasting perspective. For instance, Russo et al. (2020) 

reported that teachers were surprised by low performing students' success with challenging 

tasks. Additionally, Webb et al. (2023) found that low achievers could benefit equally from 

collaborative environments. This is promising, especially given the heterogeneity of Australian 

schools. Given the importance of allowing students to solve complex mathematical problems, 

it is crucial to explore whether collaborative learning supports all students in this context. 
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Methodology 

An exploratory case study involving qualitative and quantitative data collection was 

conducted to investigate student perspectives on collaborative cognitively demanding tasks. 

Intervention Lessons 

Five intervention lessons were created, each featuring a cognitively demanding task that 

was solved collaboratively. Each lesson ran for 60-minutes and was conducted by the researcher 

who is a qualified primary teacher but not their regular classroom teacher. Figure 1 provides an 

example of a cognitively demanding task that was used during the second lesson and adapted 

from Sullivan (2018). This task was deemed to be appropriately cognitively demanding because 

it involved processing multiple pieces of information, required students to devise their own 

approach, allowed for multiple solutions, connected multiple mathematical concepts and 

solutions were not immediately apparent to students. For all tasks, students self-selected their 

partners to collaborate on solving them, resulting in approximately 9-12 heterogenous 

groupings. This approach was chosen to ensure students felt comfortable with their partners and 

to encourage diverse achievement pairings. Support and extension scaffolding, based on 

Sullivan’s (2018) enabling and extending prompts, were employed to cater for varying 

achievement levels within the class. 

Figure 1 

Example Task from Lesson 2 

 

Participants, Data Collection, and Analysis 

A heterogenous Year 6 class from an independent co-educational school participated in the 

intervention. Baseline data on students’ achievement and engagement characteristics were 

collected prior to the intervention for the purpose of identifying the learner characteristics of 

students in the class. This included quantitative data from Progressive Achievement Testing 

(PAT), a researcher-developed assessment on addition and subtraction and Martin’s (2007) 

Motivation and Engagement Scale (MES). After students were categorised by low, high or 

moderate achievement and engagement levels, 10 students with varying characteristics were 

selected to participate in the semi-structured interviews. Consent forms were obtained from all 

students according to the ethics protocol HREC 2022/746. The semi-structured interviews 

sought students’ feedback on their experiences, behaviours, reactions and engagement during 

the lessons. The interviews were conducted immediately after each lesson, video recorded and 

transcribed. All intervention lessons were also video recorded. Researcher field notes were 

taken and student work samples were collected after each lesson. Braun and Clarke’s (2006) 

hybrid thematic approach was employed to identify patterns within the qualitative data. 

Deductive followed by inductive methods were used to identify tags. An inductive process was 

then used to organise the tags into themes. 
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Results 

Across the semi-structured interviews, 37 quotations were tagged where students referenced 

the collaborative solving of cognitively demanding tasks. These quotations were analysed and 

organised into six themes: opportunities for peer learning, increased efficiency, the support of 

peers, promoted behavioural engagement, provided enjoyable learning experiences and 

increased cognitive engagement. Evidence in support of these themes are presented in this 

section and draw from the perspectives of students with various mathematical achievement and 

engagement levels. Pseudonyms are used to protect student confidentiality. Students’ 

achievement and engagement levels are included. For example, Maddie, a student identified by 

moderate achievement and low engagement, is classified as (Mod A, Low E). 

Opportunities for Peer Learning 

Observations of peer learning were most evident among low and moderate achieving 

students. For example, Maddie (Mod A, Low E) observed, “Since I was with a partner, they 

were able to explain it to me and help me with it” (Lesson 4). Hannah (Low A, High E) noticed 

learning opportunities through the exploration of diverse perspectives: “It’s an opportunity to 

increase knowledge because, especially when you are working with other people, they know 

different stuff to what you know” (Lesson 2). This was also observed by Edward (Low A, High 

E), who learned efficient strategies from his partner: “He shared answers with me that I wasn’t 

thinking of, and I could realise how that would work better” (Lesson 5). In addition to learning 

directly from peers, some students also found it productive when able to explain their thinking 

aloud to others. For example, Sally (Low A, Low E) stated, “It was good to explain why. It 

gives me a better view” (Lesson 1). High achieving students reported a different perspective on 

peer learning. Victor (High A, Mod E) valued the assistance of peers when finding additional 

approaches: “They helped me think of the second strategy” (Lesson 5), and Laura (High A, 

High E) noted learning when comparing different solutions: “We had lots of time to think and 

compare our thinking with the other person” (Lesson 4). 

Increased Efficiency 

Nearly half of the case study participants, all with low or moderate achievement and 

engagement, viewed the collaborative solving of cognitively demanding tasks as an efficient 

process compared to individual problem-solving processes. Sally (Low A, Low E) expressed 

her enjoyment in sharing the workload with her group members, stating, “I enjoyed it because 

I didn’t have to do all the work” (Lesson 1). Maddie (Mod A, Low E) echoed this sentiment, 

describing the equitable process of solving tasks with a partner: “Since I was with a partner, we 

would both take turns putting them down and finding the answer” (Lesson 4). Similarly, Connor 

(Mod A, Mod E) highlighted the collaborative approach after the final lesson, stating, “My 

partner helped with the problem. They helped me complete it” (Lesson 5). 

Support of Peers 

Students with all achievement and engagement levels reported receiving peer support, 

mainly social affirmation and positive encouragement. Two high achieving students 

appreciated having someone there to validate and check answers. For example, George (High 

A, High E) stated, “If you don’t know a question, you can turn to someone and say and ask for 

an answer” (Lesson 1). Similarly, Laura (High A, High E) said, “I could share my ideas with 

someone else and I could get more clarification … If you are in a pair with someone who works 

with you, you can figure out stuff together and correct each other’s mistakes” (Lesson 2). This 

was also observed by moderately achieving students. For example, Leah (Mod A, Mod E) 

shared, “I could tell my answers to the people around me and see if we both got the same 

number” (Lesson 3). Connor (Mod A, Mod E) spoke about relying on collaborative partners 
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when stuck: “If I couldn’t think of something, the person next to me could think” (Lesson 4). 

Leah (Mod A, Mod E) also felt supported by peers to reduce the likelihood of errors: “She 

explained how to do it and if I got it wrong, she was able to correct my mistakes and explain to 

me why that’s wrong and I would get the answer right” (Lesson 5). Two low achieving student 

identified peer support when their partners guided them through the task. For example, Oscar 

(Low A, Low E) claimed “That’s how I found out how to do most of the work” (Lesson 4). 

Promoted Behavioural Engagement 

All responses relating to increased engagement came from high or moderately engaged 

students. Reasons for increased engagement included interacting and discussing mathematical 

ideas aloud. For example, Leah (Mod A, Mod E) remarked, “I was sharing my ideas, not 

keeping them to myself. While in other pieces of work, sometimes I would keep them to myself 

and not really share them. When I say it to my partner, I’m getting involved” (Lesson 2). 

Edward (Low A, High E) highlighted the benefit of talking through ideas: “I liked it when we 

sorted the things as a group, but it wasn’t much fun when we did it by ourselves and we sorted 

out the problems. When we did the group one, we got to talk more and share our ideas. We put 

our heads together” (Lesson 1). He further elaborated, “I was most engaged in the group one 

because I was suggesting things and deciding. I thought I was part of the group” (Lesson 1).  

Another social aspect noted by participants was the necessity to reach agreement on 

solutions or strategies. George (High A, High E) shared, “The partner work, we had to agree on 

something. If I think something is harder than the other and he thinks a different option, we 

have to use different maths sentences to sort them out” (Lesson 1). Edward (Low A, High E) 

similarly mentioned: “We both had different ideas … we saw which one was right and we were 

listening to each other” (Lesson 2). Hannah (Low A, High E) spoke about the role of her partner 

to actively engage her through questioning and dialogue, stating, “I was most engaged when I 

was asked questions and challenged by [partner] during the challenging task” (Lesson 2). 

Enjoyable Learning Moments 

Enjoyment was a common response experienced by the students. Comments relating to 

enjoyment of these experiences came from low or moderately engaged students. Oscar (Low 

A, Low E) expressed high levels of enjoyment during three different lessons when given the 

opportunity to solve problems with peers. He remarked, “It was more fun when you do it with 

a partner” (Lesson 1), “It was fun because we were with our friends. It’s more enjoyable because 

you are with your friends and you work it out with them” (Lesson 2). In a later interview, he 

added, “because it is more fun with a partner. We worked together to get the answer, and it was 

a bit better” (Lesson 3). Similarly, Victor (High A, Mod E) shared his enjoyment of working 

with others to gain different perspectives, stating, “I found it fun that you had to see the different 

perspectives of your partner” (Lesson 1).  

Enhanced Cognitive Engagement 

Maddie (Mod A, Low E) consistently reported increased motivation when solving 

cognitively demanding tasks with others. After the third and fifth lessons, she highlighted the 

significant role a peer played in maintaining her motivation and persistence “I find it easier to 

work through difficult things with a partner because when I’m usually by myself, it makes me 

give up more easily. But if I’m with a partner, we both put our ideas, and we boost each other 

up” (Lesson 2). Additionally, she commented on the positive impact of peer support on her 

sense of accomplishment, “I find myself more engaged than if alone. If I did the first one, I 

would have given up, but since my partner was there, I felt if I got the answer, she would be 

proud of me and also, we could work together during it” (Lesson 4).  



Loughland 

266 

Discussion 

Findings from this study affirm that students can perceive benefits when collaboratively 

solving cognitively demanding tasks. Six key findings were evident from student responses:  

• Cognitively demanding tasks that were solved collaboratively promoted peer learning, 

especially among low and moderate achievers who benefited from partners explaining 

concepts and sharing perspectives. High achievers valued peer assistance for finding 

additional approaches and comparing solutions. 

• Low and moderate achievers found the process of solving cognitively demanding tasks 

more efficient in a collaborative environment compared to an individual setting as they 

enjoying the shared workload and taking turns. 

• Students of all achievement and engagement levels reported receiving social 

affirmation and positive encouragement in the collaborative setting. High achievers 

appreciated validation and clarification, while moderate achievers relied on support and 

error correction, and low achievers found guidance crucial. 

• High and moderately engaged students reported increased engagement through 

interaction and discussion, valuing the need to agree on solutions and on-task 

engagement through questioning and dialogue. 

• Collaborative cognitively demanding tasks were found to be more enjoyable, 

particularly for low achievers who appreciated working with peers. 

• Low engagement students reported increased motivation and persistence when working 

with peers. 

Affirming both Russo and Hopkins’ (2017) and Sullivan and Mornane’s (2014) findings, 

varied responses to cognitively demanding tasks were present. However, the collaborative 

setting in the current study seemed to play an instrumental role in positively influencing 

students’ responses. In the following discussion, the research question has been split into two 

sub-questions to address trends in responses relating to students’ achievement and engagement 

levels. Due to space constraints, only key findings are discussed. 

How do Students with Varying Mathematical Achievement Perceive the Collaborative 

Solving of Cognitively Demanding Tasks? 

The learning benefits perceived by low and moderate achieving students are noteworthy, 

given that concerns about cognitively demanding tasks and collaborative learning often focus 

on these learners. Peer learning, a well-established benefit of collaborative learning (e.g., 

Gillies, 2016; Slavin, 2014; Tunnard & Sharp, 2009), was frequently mentioned by these 

students, challenging the belief that complex tasks are unsuitable for them. Many low achieving 

students noted that their peers helped explain tasks, offered different perspectives, or modelled 

better approaches, providing learning opportunities that they might have missed independently. 

For instance, Sally (Low A, Low E) experienced increased learning through discussing and 

explaining approaches with her partner, aligning with Webb et al.’s (2023) finding that low 

achieving students can benefit from sharing and engaging with others’ ideas. Similarly, Maddie 

(Mod A, Low E) found it helpful when her partner explained the task. Sullivan and Mornane 

(2014) emphasised the importance of task comprehension with challenging tasks, with Maddie 

engaging more deeply in the collaborative setting as her partner clarified the requirements. 

Additionally, Kirschner et al.'s (2006) argument that novice learners struggle with self-

constructed solutions is countered by findings that low and moderate achievers found the 

process of solving cognitively demanding tasks more manageable and efficient when working 

with peers. These students reported dividing the workload, taking turns, or seeking help when 

stuck, indicating that solution construction was a shared process rather than an independent one. 
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Importantly, high achieving students also reported learning benefits. They found it 

advantageous and enjoyable to explore multiple solutions and compare different problem-

solving approaches. Additionally high achieving students valued peer support for validating 

and confirming responses. Supporting the findings of Johnson et al. (1985), high achieving 

students can also experience benefits when collaboratively solving cognitively demanding task. 

How do Students with Varying Mathematics Engagement Perceive the Experiences of 

Collaboratively Solving Cognitively Demanding Tasks? 

Moderately and highly engaged students reported increased behavioural engagement when 

collaboratively solving cognitively demanding tasks. They attributed this engagement to active 

dialogue, which positively contributed to their participation and on-task focus. Contrary to 

Mulryan’s (1992) findings, there was evidence that low achievers actively engaged in the 

collaborative setting. Quotations from Edward (Low A, High E) and Hannah (Low A, High E) 

illustrated their high engagement and peer interaction during shared problem solving, showing 

that their achievement levels did not hinder their engagement during the task. Further research 

is needed to support low engaged students when collaboratively solving cognitively demanding 

tasks. However, this study provides evidence that contradicts the belief that low achieving 

students will disengage from complex tasks. It may be the case that students' engagement 

characteristics were more influential than their achievement levels in supporting behavioural 

engagement when students collaboratively solve cognitively demanding tasks. 

Finally, the case of Eloise (Mod A, Low E) was promising as she reported increased 

cognitive engagement, particularly regarding her persistence and motivation, when working on 

such tasks with a partner. Persistence and motivation are both important behaviours for students 

when solving challenging tasks (Russo & Hopkins, 2017; Sullivan & Mornane, 2014). Eloise’s 

remarks about giving up without her partner illustrates the potential the collaborative setting 

can have on increasing the persistence of low engaged students. 

Implications, Limitations, and Conclusion 

Student responses highlighted the potential benefits of collaboratively solving cognitively 

demanding tasks for learners. The findings are particularly encouraging for teachers with 

heterogeneous classes, as low achieving students reported numerous benefits, including peer 

learning, support, increased enjoyment, and motivation. Importantly, the collaborative setting 

appeared to be advantageous for all learners.  

The study raises important questions about the role of student engagement, revealing that 

engagement levels had a greater influence on students' perceptions than achievement levels. 

Although low engaged students showed increased enjoyment and cognitive engagement, they 

reported fewer moments of engagement when collaboratively solving cognitively demanding 

tasks compared to moderately and highly engaged students. Engagement remains a barrier to 

optimising student learning and warrants further exploration in the context of cognitively 

demanding tasks.  

Findings from this study highlight several practical implications, despite limitations such as 

a small sample size, short intervention duration and reliance on qualitative data. Two key 

implications for practitioners include: 

4. Students' perceptions of cognitively demanding tasks vary with their achievement and 

engagement levels, necessitating pre-planned modifications and scaffolding to meet 

diverse needs. Adjustments for students with moderate and lower engagement are 

particularly important to encourage participation and persistence.  

5. Despite concerns about the suitability of such tasks for low achieving students, the study 

found that these students can benefit from engaging in these tasks collaboratively. 
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Teachers should integrate cognitively demanding tasks into lessons to foster deep 

understanding and problem-solving skills for all learners. Collaboratively solving cognitively 

demanding tasks can enhance enjoyment, peer support, active engagement and motivation, 

positively impacting students' experiences in mathematics. Therefore, leveraging the 

intersection of collaborative learning and cognitively demanding tasks can create an inclusive, 

supportive environment that promotes mathematics as a problem-solving discipline. 
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