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Abstract 

As technology and information rapidly change, so too do the challenges our students encounter. How do 

we as educators encourage them to boldly and creatively adapt to these challenges? I believe the answer is 

to develop agency within our students by highlighting for them the value of their voices and ideas in 

contributing to solutions. In order to explore the significance of this statement, Grade 7 Mathematics 

students were divided into groups of four or five students. Groups were given problems they had not seen 

before, but which the boys had the skills to answer. The students were expected to discuss strategies 

within their groups in order to reach the best possible solution. This was done to elicit each student’s 

ideas and voice in expressing their proposed solution. Thus, each student had the opportunity to 

experience agency within a secure environment of like-minded peers, thereby reducing the feeling of risk 

in putting forward ideas that could be incorrect or deficient. The various sources of data collected were 

polyangulated, analysed, and themed. The findings indicate that agency was achieved and that students 

started to value both their ideas and input, as well as that of their peers, in learning and reaching an 

efficient solution. It also became apparent that for this action to be further improved, students need to 

learn effective communication and debating skills. Future practice will, therefore, emphasize activities 

that not only look for correct solutions but recognize the significance of communicating and justifying the 

solutions. Similarly, activities will also be designed to encourage increased active listening so that 

students take greater cognizance of each other’s ideas. 

Introduction  

A stanza from our school hymn is,  

"Lord, for its sons, may its purpose remain 

Their minds, bodies, characters rightly to train 

That all true Johannians go forth from its gate 

Equipped well to serve Thee in Church and in State." 

 



2 

Although this may sound a bit old fashioned in its phrasing, as teachers, our purpose is still to equip our 

students. More than this, however, we should enable them to equip themselves so that they may be 

valuable and productive members of our global society. Technology and new information are growing 

exponentially, so the challenges students are facing now and the challenges they will face are new to all 

of us. How then do we enable them? The answer is that we teach skills that will be relevant and 

transferable across subject matter and situations, rather than content-based. In this way, we will be able to 

add significant value to our students’ education and they will be well-equipped to creatively and 

confidently make sound decisions and adapt to the challenges that they encounter. 

Mathematics is a beautiful and creative tool through which we can make sense of our evolving world and, 

as a consequence, is able to empower and inspire confidence in tackling problems. I wish to share this 

passion with the boys I teach so they too can see its application and gain confidence in mastering it as a 

tool so that they will feel empowered in taking risks and creatively solve problems.  

The challenge is that many of the boys I teach feel intimidated by maths; they believe it is rigid and 

inaccessible–that people either have a “maths brain” or not and, if they don’t, then they are not clever or 

somehow deficient. The result is that many boys feel they have no control over their success or lack 

thereof in maths and therefore have no ownership or incentive to pursue understanding.  

Through this project, I hoped that the students would begin to question these beliefs and start to recognise 

their potential for success. Ultimately, it was my hope that they would begin to nurture a “maths 

disposition” and a growth mindset and, in doing so, grow in confidence and demonstrate their creative 

self-efficacy and intellectual risk-taking in solving problems. 

The research question I explored was: How does collaborative discussion and negotiation of 

mathematical strategies strengthen Grade 7 boys’ creative self-efficacy in problem-solving? 

The significance of the project for boys was that it utilised social-emotional learning, which research 

indicates facilitates learning (Reichert & Hawley, 2010) by using group negotiation and discussion (Goos, 

2004). Boys are also better able to learn when given choices (James, 2008), as encouraged through the 

negotiation of strategies. James notes further that boys tend to believe that ability is all that is needed to 

succeed in maths and less so effort, reinforcing the perception that you either have a “maths brain,” or you 

do not. 

Using action research to conduct the project had multiple benefits. Firstly, by the nature of action 

research, the boys began to benefit immediately from the intervention based on the research underpinning 

the project. Thus, the problem was addressed at the same time as a solution was being explored. The 

constant spiralling feedback allowed for modifications that improved the efficacy of the intervention 
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during the course of the project, and of practices thereafter. Consequently, the boys were benefitting while 

teaching practice and pedagogical knowledge were simultaneously being furthered. In turn, the findings 

can be shared with colleagues, creating a ripple effect of constantly-enhancing teaching practice. 

Literature Review 

A skill essential for our students to develop is taking intellectual risks. Allmond et al. (2016) describe 

intellectual risk-taking as a willingness to attempt to solve a problem creatively. Previously, Beghetto 

(2009) defined the term, Intellectual Risk Taking (IRT), as students engaging in adaptive learning 

behaviours, such as sharing tentative ideas, asking questions, attempting to do and learn new things, 

where they risk making errors and look less capable. Allmond et al. (2016) take this definition further by 

looking at how IRT is vital for solving mathematical problems and how IRT can be expanded to include 

students articulating ideas, negotiating meanings, asking questions, navigating differences in ideas, and 

listening to others’ input in order to move towards a solution.  

I see a strong correlation to student voice and choice in the thinking of Allmond et al. (2016) and 

Beghetto (2009) in that students need to articulate their ideas in order to communicate them and also 

actively listen in order to engage with other students’ ideas. The “voice” then is manifold; voicing your 

own ideas, listening to others’ ideas, asking questions, and negotiating ideas in order to move forward to a 

solution. Furthermore, choice is an intrinsic element to the process. What ideas will a student choose to 

share, will students choose to actively listen to other students’ contributions, will they use the ideas of 

others to improve on their own initial ideas, and will they acknowledge others’ ideas in their potential 

solution? I used these indicators to measure the development of “voice” and “choice” during my 

research.  

Reichert and Hawley’s (2010) study in which a team of researchers transcribed first-hand accounts of 

what constituted an effective lesson from both teachers’ and boys’ standpoints, indicated social-emotional 

connections facilitates learning in boys. Lessons where boys were able to experience the freedom to make 

choices were regarded as particularly effective by teachers and students. Similarly, working as part of a 

team also led to greater motivation and personal investment of the boys and it was notable that the boys 

were mobilised by their sense of achievement. Further, debating spurred the boys on to be more 

productive and to invest more effort into the task. Lastly, peer learning was found to result in greater 

responsiveness from the students compared to teacher-driven lessons. 

Reichert and Hawley’s (2010) points informed my research plan in a number of ways. Firstly, groups 

worked collaboratively but independently of the teacher, providing them with the freedom to make 

choices and direct the path of their solution plan.  
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Incorporating my final point from Reichert and Hawley’s (2010) study: debating was encouraged during 

the collaborative work as a means of finding a solution to the problem and in so increasing the depth of 

the learning experience.  

Goos (2004) points out in her research into the value of sociocultural theories of learning, how 

mathematics learning requires communication in a social context — learning mathematics is a social and 

communicative experience. In the more successful classes, Goos collected data from, students were 

expected to put forward ideas, defend these ideas, and thoughtfully engage with their peers’ ideas in order 

to solve maths problems.  

A crucial aspect of my research was Goos’ (2004) interpretation of Vygotsky’s theories: “From an 

educational perspective, there is learning potential in peer groups where students have incomplete but 

relatively equal expertise, each partner possessing some knowledge and skills but requiring the others’ 

contributions in order to make progress” (p. 263). Hence, each of my groups was given a novel question, 

where the students had the necessary mathematical knowledge to solve the problem, but needed to 

develop unique applications and synthesis of the knowledge in order to solve the problem.  

Grootenboer (2009) observed that collaborative peer groups allowed students to have ownership of the 

theories they constructed and to experience themselves and their peers as active creators of mathematical 

ideas). This allowed the student to “know” the mathematical idea and to begin to “dance with agency” 

which, as Burton explains (as cited in Grootenboer), is an interplay between a maths student meaningfully 

and successfully engaging with the mathematical ideas, rather than the discipline being the supreme base 

of knowledge. Thus, it is an interplay between the agency of the individual and the authority of the 

discipline. Burton (2001) looked at the benefits that research mathematicians experienced from 

collaborative work, where sharing improved quality due to the fact that there was a greater range of ideas. 

The mathematicians also learned from one another while feeling less isolated. These are all significant 

benefits that are vital to pass on to our students.  

Burton (2001) further points out that the mathematicians gained pleasure and satisfaction from the 

feelings associated with “knowing.” This is crucial; even when the mathematicians were unsure of the 

correct approach, this feeling motivated them to move forward to find a solution.  

In traditional classes, the knowledge and, therefore, authority on the subject matter often lies in the hands 

of the teacher. Yet, he or she is only a temporary part of the students' experience of learning Mathematics. 

Consequently, the students do not experience that feeling of “knowing” and “creating” mathematical 

concepts, which gives rise to agency and the motivation to pursue a solution. 
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Ultimately, it was these benefits which I hoped to see develop in the boys during the project; namely that 

they would acquire their “voice” in all its forms and that they would experience agency through the 

liberty of choice at the various levels of collaboration with their peers and internalise this learning.  

Research Context 

The boys participating in the research project were students from St John’s College in Johannesburg, 

South Africa. The College is an historic and prestigious, all-boys school. The College essentially caters to 

high-income families and has a strong, legacy-driven intake of students. Generally, the parents are well-

educated and hold prominent positions in the community. 

The 21 participants for the action research project were from the top Mathematics class in Grade 7. To 

ensure ethical integrity, a letter explaining the purpose of the action research project and requesting 

consent was sent to the parents of the boys. This outlined the research question and requested written 

consent for the boys to participate. Similarly, consent was requested for photos, video clips and responses 

from the boys to be used in reporting the findings. The parents of all the boys gave consent for them to be 

included in the project and for their photos and responses to be used. The choice of this class was based 

on a number of factors. Firstly, access to the group was already timetabled and therefore the project was 

assured dedicated weekly time slots. Secondly, I had established a relationship with the boys over the ten 

months I had taught them. I believed this would facilitate open and honest reflection and discussion, 

helping to ensure trustworthy results.  

Time was set aside during Mathematics lessons to accommodate the research. As a consequence, boys did 

not have to make any additional time available for the research and taking part in the project did not 

disadvantage them in any way. The boys' real identities were not used during the analysis and reporting of 

data in respect of their privacy and to ensure the ethical standards of the International Boys Schools 

Coalition were adhered to. 

All participants’ data were analysed, including film footage, thereby ensuring that data would be 

reflective of all the boys and ensuring the veracity of the findings from the project. 
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The Action 

The 21 boys were arranged into groups of four and one group of five. Discussion and negotiation 

dynamics were key functions of the groups and were considered in the allocation of individuals to groups. 

Therefore, as far as possible, homogeneous groups were formed. This was promoted by grouping boys 

who appeared to have similar emotional and social dispositions. This was done to prevent any boy from 

overpowering the group dynamic and similarly to encourage all boys to contribute to the group 

interaction. The boys’ perceived mathematics ability was also considered in promoting the homogeneity 

of the group. To this end, the boys were given a questionnaire where they rated themselves based on their 

assumed ability.  

To further stimulate interaction and debate, all group members were required to give feedback and input. 

This was encouraged by prescribing turn-taking and active listening of member’s ideas before the next 

rotation. To encourage discussion, prepared questions were available, such as: “What was your initial 

idea?”; “Why do you not want to pursue that idea?”; “What were the shortcomings of the idea?”; “What 

would you suggest for your next step?”; and “How do you feel about that idea?”. 

The discussion and negotiation framework for the boys included suggesting ideas, generating new ideas 

based on other members’ ideas, giving feedback on members’ ideas and responding to feedback (Allmond 

et al., 2016). Consequently, groups were motivated to develop plans of action to solve problems. This 

comprised the “Voice and Choice” component of the project.  

It was during this phase, that I hoped the boys would begin to question what made a person good at 

maths. I anticipated that they would begin to see that an idea that did not lead directly to an answer was 

still a worthwhile step towards generating a solution and that their own ideas formed part of the solution.  

The desired outcome of the action was that the boys would work on the problems without hesitation or 

reticence and would not verbalise phrases that indicate reticence such as, “I can’t do this,” “I haven't 

learnt this,” or “I am not clever enough to do this.” This stage of the action indicated the development of 

agency, by creatively solving a problem and taking intellectual risks even if a solution was not achieved. 

Once the boys had tackled the maths problems, they then individually completed exit tickets. This was to 

ascertain the individual’s development of agency, rather than dependence on peers, for confidence in 

tackling problems and to reflect on the experience of working in a group. This process was repeated twice 

more over three-day intervals with different and novel problems in order to reinforce and further develop 

the boys’ sense of agency.  
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Data Collection 

I chose to use a variety of data collection methods which would generate both qualitative and quantitative 

data. This was done to increase the validity of the results through polyangulation, as indicated by Mertler, 

(2017). 

The first point of data collection was a questionnaire, which asked the boys to rate or rank various 

statements. The boys used pseudonyms when filling out the questionnaire to encourage honest and 

authentic feedback. The questionnaire covered three key points which would form a baseline for the 

research: their confidence in their maths ability, their present degree of agency in solving maths problems, 

and how they viewed their peer group interaction. The rate and ranking ranged from 4 being most 

likely/strongly agree, to 1 being least likely/disagree. 

The data collected during the three activities took the form of video footage and exit tickets at the end of 

the activities. The exit tickets were completed as a Google Form to ensure accuracy and that there were 

no transcribing errors. Video recordings using an iPhone were taken of each group. The purpose of the 

videos was to capture observations of facial expressions, body language, hesitation in engaging with 

peers, and other traits which could not have been recorded in situ by means of other data collection 

methods (Mertler, 2017). Students were briefed beforehand regarding the purpose of the video in order to 

try to dissuade any alteration in behaviours due to the presence of the camera. This provided an 

opportunity for polyangulating the questionnaire and the exit ticket results to the physical evidence 

provided by the video observations, which helped ensure the authenticity of the data. 

After the final activity, the boys were interviewed in small groups using a semi-structured interview with 

simple open-ended questions. This allowed for further questions where clarification was needed. These 

interviews were voice-recorded and later transcribed.  

Data collection also offered insight as to where changes might be implemented in further interventions 

and whether there were any by-products of the intervention that had not been considered before the start 

of the project. 

Data Analysis 

A spreadsheet was generated of the responses to the exit ticket questions/statements using Google Forms. 

As part of the analysis, the responses were colour-coded according to the degree of enjoyment or 

frustration experienced by the boys.  

An essential point to mention in analysing the responses is that the number of boys present varied due to 

sports tours and music commitments. Twenty-one boys completed the survey after the first stage of the 
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action and seventeen after the second and third stages. The four boys who did not take part in the second 

and third interventions were also not necessarily the same boys. Even so, I believe I was able to derive 

conclusive data from the participants. 

The voice recordings and video footage were transcribed and allowed me to study individuals and make 

comments, which were recorded in brackets. Thus, observations and comments were separated to ensure 

the authenticity and accuracy of the field notes (Mertler, 2017).  

Once I had all the information, I then began to look for trends and correlations between the data relevant 

to the research question. The following broad themes emerged: 

● The value of group thinking; 

● Skills required for group thinking; and 

● The importance of communication. 

Discussion of Findings 

The Value of Group Thinking 

Over the course of the three stages of intervention, the boys began to place more value on Sharing the 

burden of solving the problem. The level of agreement to the statement increased as the work 

progressed. (Sharing the burden of solving the problem: 10 of 21 responses to 11 of 17 and lastly 13 of 17 

responses.) This finding showed how they had begun to learn to rely on and value one another’s ideas and 

unique skills. This was further corroborated by observations of the boys’ interactions. For example, when 

Boy R listened and offered corrections, they were well-received by the group with comments such as, 

“Oh, ok. Yes.” In another interaction, Boy D was heard saying, “If you use Boy M’s idea …” The boys’ 

agreement to the prompt, “Feeling that your ideas are being valued,” also showed significant increases. 

Boy J said during a post-intervention interview, “Yeah, it was like you could add onto someone’s (idea).” 

In addition, across the three activities, the boys increasingly agreed to the notion that they enjoyed being 

part of a team.  

The boys’ increasing appreciation for group thinking could also have been the result of their own growth 

in intellectual risk taking (IRT). The more they felt they belonged to the team over the course of the 

intervention, the more IRT they were willing to engage in. Reichert and Hawley (2010) explain that 

students derive meaning and validation from the contribution they make to the collective effort. This 

motivation to contribute to the collective effort may have, to some extent, overridden any insecurity of 

appearing less capable if they put forward an idea that turned out to be deficient in some way. I observed, 

for example, that when Boy R offered corrections to another team member’s ideas, they were generally 
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well-received. Similarly, during an interview, Boy K commented, “You had multiple people working on 

the same question. It was nice to see different methods different people (used).”  

Within smaller groups, teams with a common interest meant that the boys did not feel as exposed when 

putting forward tentative ideas that could have been seen as incorrect or unworthy. The growth in IRT 

was also corroborated by the decrease in responses to the statement, “Feeling under pressure to measure 

up to the rest of the learners.” (Feeling under pressure to measure up to the rest of the learners: 5 of 21 

decreased to 3 of 17 and 3 of 17 responses.)  

By the end of the activities, an increased number of boys agreed that their groups experienced increased 

productivity (15 of 17 compared to 11 of 17 responses). With more and different ideas being put forth by 

group members, the boys experienced increasing opportunities to learn from one another. This improved 

the overall quality of the work. Boy J noted, “If everyone can add on and let you speak and everything, 

then it was more productive.” Further, the boys’ comments during group work, their responses to the 

questionnaires, and reflections during their interviews demonstrated that they realised that sharing ideas 

sparked more ideas; this discussion and debating of ideas led to increased productivity and deeper 

understanding of concepts. In these ways, the boys’ experiences echoed those noted in Burton’s (2001) 

work, where sharing improved quality and productivity due to the fact that there was a greater range of 

ideas and more efficient strategies. For example, Boy K said during an interview, “Yeah, multiple times I 

did ask the question like, “How did you get that?” and stuff like that. I did learn from that.” As Goos 

(2004, p. 263) states, “There is learning potential in peer groups where students have incomplete but 

relatively equal expertise, each partner possessing some knowledge and skills, but requiring the others’ 

contributions in order to make progress.” 

In their growing acknowledgement of the value of the group to their own success, the boys began their 

“dance” with agency. Firstly, their knowledge of the rigours of maths as a discipline expanded as they 

learnt new rules and definitions, while their own creativity in applications of these rules and definitions to 

problems also increased. Secondly, the group also provided a space to exercise their agency within a 

small, “safe” space – a testing ground. 

The Skills Required for Group Thinking 

I worked with the ideas expressed by Stephanie and Harvey Daniels (2009) and Dewey (1963), that 

collaboration is students working together, acting responsibly towards the group, demonstrating tolerance 

and respect for the members, and sharing ideas and encouraging others to do so, thereby increasing 

learning opportunities.  
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The drop in the affirmative answers to “Being part of a team” (19 of 21 to 14 of 17) might be accounted 

for in that initially working in a group was a novel idea, since the boys do not often work in groups in 

other classes. Once the novelty had worn off, the boys began to realise that the work still had to be done 

and that they needed to work effectively with each other in order to solve the problem. This meant they 

had to listen to other peoples’ ideas, debate flaws in their own ideas, listen to other people’s criticism of 

their ideas, and mutually build on one another’s ideas in order to reach a solution, all of which required 

effort and self-discipline. Observations of the boys and notes of their comments support this: Boy W gave 

ideas, but battled to explain them, “It’s so hard to explain stuff.” When Boy D did not understand boy 

W’s approach to the problem he said, “I'm confused. He’ll just confuse me more.” Boy W went on to say 

“Ma’am he (Boy D) understands me, trust me.” 

Another factor in this motivation is the “group-worthiness” of the task (Lotan, 2003). I believe the tasks 

met this criterion as the end-of-year examinations were close and I had told the boys I would only include 

tasks that would be pertinent to their exam revision. 

Although I discussed the increased productivity of students under the theme, “Value of group thinking”, I 

believe that the intermittent drop of positive votes after the second activity from 20 of 21 responses to 13 

of 17 responses was a result of poor collaboration and the realisation that to work effectively and 

coherently as a group to achieve a solution required effort. Once the boys understood the value each 

individual brought to the output of the group and began to respect the necessary skills required to work 

collaboratively, the view that group work increased productivity returned (15 of 17 responses). One of the 

students also alluded to this during the interview, “If everyone can like add on and let you speak and 

everything, then it was more productive.” 

The results from “Discussing and debating ideas” further strengthen the idea that collaboration was at 

first a challenge for the boys. To this question, there was an increase in the number of positive responses 

across the activities (11 of 17 to 15 of 17 responses) implying that “Discussing and debating ideas” was 

more appreciated by the boys as the project proceeded. Correspondingly, “Trying to include everyone's 

ideas/opinions” received more positive responses during the progression of the activities (from 4 of 17 to 

6 of 17 responses) as the boys began to comprehend the value of each other’s input. 

The Importance of Communication 

Effective communication, I interpreted from Daniels and Daniels (2009), to mean actively listening to one 

another, leaning in to hear one another, taking notes, asking follow-up questions and making connections 

with other people’s ideas. Field observations were critical to support these findings as they were more 
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subjective and the questions had a negative connotation in their phrasing, which may have swayed the 

boys’ responses. 

Communication is a significant element of collaboration and of group learning and consequently has a 

significant effect on the feeling of agency of individuals within the groups. If knowing an idea is the start 

of the “dance of agency” (Grootenboer, 2009), then communicating that idea is vital to the dance. 

Boaler’s (2003) illustration of students who could not solve tasks themselves but used knowledge and 

collective wisdom of their peer group to solve the problem is, as Grootenboer points out, using the “dance 

of agency” (p. 255). During the activities, the boys increasingly agreed with statements such as, “Not 

being able to get my answers across,” (7 of 21 to 7 of 17 to 9 of 17)“Arguing with people or people 

arguing with me,” and “People not listening to me,” (7 of 21 to 9 of 17 to 10 of 17) showing a growing 

level of frustration. This suggested that the boys did not have the necessary skills to get their ideas across 

or to actively listen to one another. “It’s so hard to explain stuff,” “He’ll confuse me more,” “No, I am too 

lazy to do this,” were all comments in response to communicating ideas. Similarly, a boy who was 

usually very quiet and considerate in class (Boy D) was fairly condescending in response to some of the 

other boys’ ideas and attempts at clarification of the ideas and spoke very loudly exclaiming at one point, 

“Exactly! Yes, each day! Exactly!” This increase in frustrated responses could also have indicated that the 

boys had begun to place greater importance on communication skills in their learning and that this 

frustration may, in fact, have been part of the dance of agency, a pushing and pulling of the dance partner. 

Conclusions 

The findings from the research indicated that a degree of agency was achieved through students beginning 

to value their ideas and input, as well as that of their peers, in learning and reaching an efficient solution. 

In order to promote this, I plan to implement more group work from earlier on in the year, providing the 

boys with increased opportunity for collaboration and negotiation. I would also like to explore if mixing 

groups after the first term would further increase the boys’ sense of agency as the homogeneity of the 

group would then be less and they would be exposed to a greater variety of personality traits and skill 

levels and therefore have to hone their skills further. This would be informed by constant feedback 

opportunities, a key element of the cyclical nature of action research. 

The findings also highlight a need for more effective communication and debating skills in order for the 

collaboration to have an optimum outcome. In future, I will, therefore, include activities that emphasize 

not only correct solutions but communicating and justifying the solutions. Similarly, activities will also be 

designed where active listening is encouraged so that students take cognizance of each other’s ideas. In 

order to implement this successfully I plan to approach the specialist English teachers at St John’s so that 

as subject groups we could collaborate on a joint project. 
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Reflection 

Through my research, one key point that emerged for me was that the development of agency is not a 

straightforward nor an easy process. Rather I would compare it to the metaphor of a butterfly emerging 

from its cocoon. It is hard work, personal, and evolving, but without the hard work, the gains would not 

be as intimate or life changing, just as the butterfly would not have strengthened its wings sufficiently to 

fly if it had not had to fight its way out of the cocoon. Unlike the metamorphosis of the caterpillar into a 

butterfly, however, the process is continuous and spiralling so that we and our students are ever evolving 

a more complete sense of agency and better methods of eliciting its development. 
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