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Abstract 

This paper examines the impact of introducing visible thinking routines on the development of 

flexible thinking for Grade 12 Mathematics students. The goal was to determine if there would be 

a measurable difference in students’ ability to think critically, take academic risk, challenge their 

thoughts, know what they are learning and have learned, and make a personal connection with 

their learning, thus improving their overall metacognitive abilities. Six different visible thinking 

routines were implemented during two units of study. To determine the effectiveness of this 

action, a comparative analysis using qualitative methods was completed of student work, 

opinions, and their ability to interrogate their thinking before and after the intervention. 

Key findings of the research included a perceived improvement in the ability of students to build 

explanations and form conclusions, develop their metacognition, effectively communicate with 

their teacher and peers, and cultivate their flexible thinking. There also seemed to be an 

enhancement of the learning environment of the students. As a result, the use of visible thinking 

routines appeared to have a positive impact on the students, and further use of this intervention 

and expansion into other grade levels is merited. 

Introduction 

As the world is ever changing, it is important for my students to be able to adapt to those changes 

as not just passive participants, but as active participants who become change agents. The reason 

I teach is two-fold: to prepare my students for the future, and to give them the skills and 

understanding necessary to be positive contributing members of the global society as change 

makers. I believe that by helping my students develop their flexibility in thinking and improving 

their metacognition, my students are better prepared for the future. 

There are several needs that this project addressed, including the need for boys to: 

● Think critically about the world around them;  
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● Take risks when solving problems;  

● Challenge their own thoughts and ideas;  

● Know that they are learning;  

● Understand what they have learned and how they have changed; and 

● Make a personal connection with their learning (Reichert & Hawley, 2009, 2013). 

These needs are all connected to the need for boys to think more flexibly. 

My goal in this action research project was to improve student learning and my teaching practice. 

The primary question I sought to answer was: How might the use of visible thinking routines in 

Mathematics encourage flexible thinking in Grade 12 boys? Through this research, I wanted to 

improve the connection that my students make between what they were learning, the world 

around them, and how they connect to it. This project appealed specifically to boys, as it allowed 

them some choice in terms of what problems they chose to solve and made them active 

participants in their learning. This also allowed my students to have independence and control 

over their learning, which is important to the development of boys. 

An action research approach was appropriate as I wanted my students to be active participants in 

the research and not merely passive bystanders. They needed to have a voice in their learning and 

an action research approach gave them that voice. It also allowed me to be aware of how they 

were changing in response to the intervention through their own understanding. This further 

allowed me to help the boys make their learning more visible to themselves. As well, I wanted to 

be an active part of the research, instead of being an outside assessor of the process.  

Glossary 

Visible Thinking 

Visible Thinking is a Harvard Project Zero approach, as discussed in Making Thinking Visible 

(Ritchhart, Church & Morrison, 2011), that allows students to think about their thinking in a way 

which allows them to go beyond memorizing concepts and delve more deeply into 

the exploration of ideas, forces them to be more metacognitive, and improves engagement with 

their learning. A visible thinking approach also allows teachers to be more aware of their students’ 

prior knowledge, misconceptions, reasoning, and level of understanding, thus allowing a richer 

discussion of the concepts discussed in the classroom. 
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Flexible Thinking  

Flexible thinking is the ability to think about things in a different way or from a different 

viewpoint. This encourages students to take more risks, solve more challenging problems using a 

variety of methods, consider multiple perspectives, challenge their own thinking, think more 

critically and metacognitively, and, ultimately, learn to adapt to a wide variety of situations 

(Willis, 2016). 

I believed that my students’ thinking would become more visible if they were able to articulate, 

either verbally or in writing, what they understood and could answer the question “What makes 

you say that?” (Ritchhart et al., 2016, pp. 165-170) for each concept, idea, or theory discussed. As 

flexible thinking is an active process, I hoped it would be encouraged in my students if they were 

able to work through given problems and challenges in a self-directed way that included all 

aspects of flexible thinking as outlined above. 

Literature Review 

As the world changes and becomes more complex, the ability for students to think critically, 

challenge their own thoughts and ideas, and adapt to change becomes ever more important. 

When considering the role of a teacher, giving students the tools they need, specifically the ability 

to think flexibly, in order to prepare them for the future is of utmost importance. As Metz (2011) 

writes: 

We can’t continue to teach for a world that no longer exists. Our schools must change to 

meet the needs of the modern economy and world. Challenging, inquiry-based … classes 

not only help prepare students for the modern workplace and world, they also provide 

students with a solid understanding of the … content and ways of thinking that are 

valuable in any century. (p. 6)  

Included in these ways of thinking are not only core subject knowledge, but also flexible thinking 

indicators such as adaptability, innovation, critical thinking, creativity, flexibility, and non-

routine problem solving. 

One challenge for teachers in attempting to improve the flexible thinking of their students is that 

thinking, by its very nature, is invisible. As noted by Kraft, Schmiesing and Phillips (2016):  

Our thoughts are invisible. We have to be metacognitive to … effectively learn to think. 

Otherwise, it’s just something we do instinctively in an instant. When we define critical 
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thinking, we’re breaking down these processes and defining them so that all students can 

learn them. Basically, we’re attempting to make the invisible visible. (p. 18)  

As a teacher, I need to understand students’ thinking in order to help them improve upon it, and, 

thus increase their ability to think flexibly. In addition, students do not generally have a good 

understanding of their own thinking. In other words, they have difficulty with metacognition. 

This results in them not having “much knowledge of the strategies they might employ to facilitate 

and direct their thinking. Without this knowledge, they are likely to be less effective, less 

independent, less engaged, and less metacognitive as learners” (Ritchhart et al., 2011, p. 17). In 

order to make thinking visible in a classroom setting both for myself and my students, I need to 

be able to use routines and processes that allow me to understand the thinking of my students 

while, at the same time, improving on the strategies they use to think. One approach that is used 

to achieve both of these goals is through visible thinking routines as defined by Ritchhart, Church, 

and Morrison (2011). Visible thinking routines require students to make decisions, justify their 

reasoning, and communicate effectively so that we all understand their thinking. This strategy 

seems ideal in order to shed light on, and improve, the thinking of my students in the classroom. 

Visible thinking routines also help to increase the flexibility of students’ thinking by improving 

their consideration of perspectives and viewpoints, making connections with the real-world, 

allowing them to build explanations and interpretations, requiring reasoning with evidence, 

helping to uncover complexity, and forming conclusions (Ritchhart et al., 2011, p. 11). As Keene 

(cited in Ritchhart et al.) notes: “Until students can name a process they can’t control it. As our 

attention is drawn to thinking, we become more aware of it, its uses, and effects” (p. 29). Visible 

thinking routines improve the flexibility of students’ thinking, reveal the processes and routines 

students undergo when they are thinking to themselves, and provide evidence to me as their 

teacher of the thinking patterns they are using so that they can become visible and, therefore, be 

improved upon.  

As I teach only boys, I am cognizant of the need to choose teaching strategies that are effective for 

boys. As Reichert and Hawley (2009) indicate, the best teachers for boys are those that 

understand that boys are relational learners and who teach lessons that have “transitivity” (p. 46). 

Visible thinking routines answer these criteria by asking “questions that drive learning and don’t 

come from some prescribed list or set of guidelines; they arise in response to students’ 

contributions” (Ritchhart et al., 2011, p. 36). They allow me, as a teacher of boys, to really listen to 
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the thoughts of my students, push them to elaborate on their perspectives, require them to justify 

and clarify their thinking, and work together to making all of our thinking more visible. If we 

don’t “listen to those thoughts, we rob ourselves of the information we need to be able to ask 

good questions” (Ritchhart et al., p. 36). 

It is my belief that through the use of visible thinking routines, my students would become better 

learners, improve their ability to think flexibly and adapt to a changing world, improve their 

metacognition and my subsequent understanding of their thinking. This, in turn, would make me 

a more effective teacher of boys and help guide my pedagogy moving forward.  

Research Context 

St. Andrew’s College is a Grades 5 through 12 day and boarding boys’ school located north of 

Toronto in Aurora, Ontario, Canada. The students come from mostly upper socio-economic 

families and represent approximately 30 nations. The school’s mission is to develop “the complete 

man, the well-rounded citizen.” These qualities are fostered through our academic, athletic, and 

co-curricular programs, where the heart, mind, body, and spirit are encouraged to grow and 

develop. 

 For my action research project, I chose to work with 26 students enrolled in my Grade 12 Calculus 

and Vectors course. I taught these students for the full year, meeting with them every other day 

for class, which gave me continuous access to them and the ability to assess their development as 

we worked through the intervention together. As Grade 12 is the final year before moving on to 

post-secondary education, I felt it was important to work with these boys specifically during the 

year as they would particularly benefit from the development of flexible thinking, a necessary skill 

required throughout university. 

 As an ethical researcher, I assigned each of the students in my class a letter that I used 

throughout the project to ensure that the boys’ participation remained anonymous while still 

being able to easily track their submissions, opinions, etc. Each student that participated in the 

project and their parent/guardian also filled out the Parent and Student Consent Form provided 

by IBSC so that everyone was aware of the intentions and purposes of the project. 

The methodology I used to complete this project was based on Stringer’s (2014) notion of action 

research, which allowed for a qualitative approach to investigating the effect of using visible 

thinking routines on the flexible thinking of my grade 12 Calculus and Vectors students. 
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The Action 

The change I introduced in my classroom was to use defined visible thinking routines from 

Making Thinking Visible (Ritchhart et al., 2011) during two units of study at three different points 

in time. I used a routine at the beginning of each unit in order to introduce a topic and ascertain 

the depth of knowledge of my students about the material, as well as to develop interest and 

begin the process of inquiry. Additionally, I employed a routine during the organizing and 

synthesizing stage in the middle of the units to help the students make sense of the new 

information and deepen their ability to think flexibly. Finally, I introduced a routine toward the 

end of the units with the goal of pushing students further in their understanding and to help 

them consider concepts that were more complex. The specific visible thinking routines I 

employed were: 

● Think, Puzzle, Explore 

● Explanation Game 

● Colour, Symbol, Image 

● Generate, Sort, Connect, Elaborate 

● Headlines 

● What Makes You Say That?  

My ultimate goal was two-fold: for students to be able to think more flexibly, and for the boys’ 

thinking to be more visible to both themselves and me. 

Data Collection 

I collected several different types of data in order to understand whether my students were 

improving their thinking and their metacognition throughout the project. The data collected were 

qualitative in nature and, as suggested by Stringer (2014), were gathered through a variety of 

collection methods. To look for improvements, students completed concept maps related to their 

understanding of their own thinking throughout the project and student work samples, such as 

rich problem-solving sets requiring flexible thinking, were assessed prior to the start of, during, 

and after visible thinking routines were introduced. Journal entries designed to provide rich 

information about the understanding of the students were also evaluated at various times. 

Throughout the project, I recorded observations about the students’ thinking, their reactions to 
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the intervention of the visible thinking routines, and any changes I noted as a result of the 

intervention. Photographs were taken to help provide context for these observations. Once the 

intervention was finished, I had the students complete an online survey to gather information 

about their understanding of how their thinking may have changed because of the intervention, 

their opinions on the visible thinking routines, and how this intervention improved their learning.  

The above methods of data collection were chosen as they provided a blend of both students’ 

opinions, student work, and teacher observations and assessments that helped ensure the results 

were credible and trustworthy. As well, as suggested by Stringer (2014), they included a variety of 

sources of information including, participant observation, documents, and surveys to provide 

information that clarified my understanding of the results. By including a variety of methods, I 

hoped to limit my bias, thus allowing the data analysis to be more authentic and provide an 

accurate reflection of the results of the intervention. 

From the start of the project, I was open and transparent with my students about what we were 

doing and why we were doing it. I did not want the project to be something that I was doing, but 

rather a joint venture that we worked through together so that we could all learn and develop. 

The project was interwoven throughout already established curricular units to ensure that we had 

adequate time for research, action, and reflection. Boys’ voices and opinions were central to the 

project, as that was the best way for us, the students and I, to gain a strong understanding of their 

learning, thinking, and development. As making thinking visible was a key component of this 

project, the boys were actively involved in tracking, demonstrating, and sharing their thinking 

through all aspects of the project.  

Data Analysis 

As the data I was collecting were qualitative in nature, I analyzed them thematically. I started 

with the ideas of visible thinking and flexible thinking to organize the data and then looked for 

key features and elements that emerged. In analyzing student responses from rich problems and 

journals designed to indicate their thinking, I was able to detect a shift in the flexibility of my 

students’ thinking. Questionnaires, rich problem sets, journals, and observations were analyzed 

qualitatively by looking for the main features and key experiences that naturally emerged from 

the students to allow for a rich understanding of the effect of the project on their learning, 

development of flexible thinking, and metacognition. 
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Discussion of Results 

There were several improvements noted by my students due to the introduction of visible 

thinking routines in my classes. These included a perceived expansion of their: 

● Ability to build explanations and form conclusions (Evidence with reasoning) 

● Understanding of their own thinking and how it had changed (Metacognition) 

● Effective communication with their teacher and peers 

● Development of flexible thinking 

The boys also indicated: 

● A perceived enhancement of the learning environment of the students. 

Evidence with Reasoning 

One of the strongest improvements noted in the students’ thinking was their ability to build 

explanations and form conclusions when answering a question, solving a problem, or expressing 

their opinion. At the beginning of the project, students had a difficult time justifying their 

reasoning and answering the question, “What makes you say that?” (Ritchhart et al., 2016, p. 165), 

but as visible thinking routines were incorporated into lessons, a perceived change occurred in 

the students. During partner and class discussions, in assessments involving rich problems, and 

when talking about new concepts, students were increasingly able to justify their reasoning and 

explain their thinking both verbally and in their writing. Of the students surveyed, 18 of the 20 

indicated that their ability to form conclusions, reason with evidence, justify reasoning, and build 

explanations had improved through the use of visible thinking routines, while 17 of the 20 also 

indicated it improved their ability to make decisions. As well, students at the beginning of the 

project had to be prompted to justify their reasoning, but as more routines were introduced and 

they became accustomed to them, I noticed that students were increasingly able to justify their 

thinking without prompting, and their justifications were more thoughtful and organized. As one 

student expressed, the visible thinking routines “forced me to show my thinking which helps me 

organize my thoughts better.” 

Metacognition 

When reviewing the students’ ability to think about their thinking, there was a clear progression 

from what they could express before the visible thinking routines were introduced to the end of 
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the intervention in terms of their ability to express what went through their head when 

considering what it meant to “think.” For example, when tracking Student Z’s thinking about 

thinking, he started the year by expressing ideas such as, “work hard, think outside the box, and 

listen carefully.” Though these are all important concepts, they did not really get to the heart of 

what it means to think and did not indicate that he had a solid grasp on what his brain was doing 

during active thinking. When contrasted with his responses at the end of the project, the 

development in his ability to express his thinking was evident. He expressed ideas such as, 

“consider different viewpoints, zoom into the problem, plan out what to do, look for multiple 

ways to solve a problem, and connect things together.”  

As thinking is an active process, it is important for students to understand their own thinking in 

order to be able to guide and control it. There was perceived improvement in my students’ ability 

to express their thinking throughout the intervention. As well, they could more clearly express 

their understanding of their own thinking. Some of the common comments received from 

students included the idea that they are “able to now map out a visible solution before I solve the 

problem,” the routines allow them to “get a visual on the process of analyzing problems,” and the 

routines “taught me to organize my thoughts.” As the students’ thinking became clearer to them, 

they were better able to articulate their thinking more thoroughly and I was able to better 

understand their thoughts, opinions, and reasoning. 

Communication with Peers and Teachers  

As indicated by 17 of the 20 students involved in the project, they perceived that their ability to 

communicate effectively improved due to the introduction of visible thinking routines. This is 

closely connected to the improvement shown in their reasoning with evidence and understanding 

their own thinking, as effective communication is necessary in order for the students and me to 

fully realize both what they are thinking and how they have improved. The degree of 

communication required by visible thinking routines forced the students to, in some cases, step 

out of their comfort zone and speak up more regularly in class. Though not all students enjoyed 

this aspect of the routines, as evidenced by a student who indicated he did not like “trying to 

come up with ideas” on the spot in class, communication is an important skill for students to be 

successful. Most students understood this and made comments such as, “in adulthood, 

communication is key,” and “I enjoyed the visible thinking routines because I was able to 

communicate with my peers in an effective manner.” Ultimately, it is the student who struggles 
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the most with communication who needs the most practice communicating with others, and the 

visible thinking routines provided a mechanism for this to occur in my classroom. 

Flexible Thinking 

When starting this project, I wanted to improve my students’ ability to think flexibly, which 

included the ideas of thinking critically, considering multiple perspectives, and challenging their 

own thinking. I believe the introduction of visible thinking routines was successful in meeting this 

goal. Throughout the project, there was clear development in each of these areas as evidenced by 

the students’ improvement when solving rich problems. Students prior to the intervention had 

difficulty with open-ended questions that had multiple solutions or various approaches to the 

problem. However, as more visible thinking routines were introduced, students started to realize 

that “there is always a different way to look at a problem,” and they could “visualize questions and 

see it from a different angle.” In fact, 16 of the 20 students not only felt that the use of visible 

thinking routines had changed their thinking for the better, but they also specifically mentioned 

an improvement in their ability to think critically. Other students indicated visible thinking 

routines “make me more adaptable and open to changes in questions,” “force me to think more of 

possible outcomes,” “make me slow down and analyze more,” and “I used my brain more and 

began to think outside the box. Harder questions challenged me to think more actively.” All of 

these are indicators that the ability of my students to think flexibly were improved by the 

introduction of the visible thinking routines in my classroom. 

Learning Environment  

Ultimately, the goal of any intervention is to improve student learning and to make students 

active participants in the process, and, in the case of the introduced visible thinking routines, it 

does seem to have done just that. Fifteen of the 20 students surveyed indicated that they felt that 

their learning had improved because of the visible thinking routines experienced in class, and an 

equal number plan to continue to use the routines in the future. As one student indicated, “I want 

to get a whiteboard to help plan out things when solving.” It is satisfying to know that routines 

taught to my students will continue to be of use in the future, and it made their “work more 

efficient, helped (them) absorb the material faster, and fully understand it.”   

The use of visible thinking routines was a positive experience for both my students and me, and 

they had the desired effect of enriching student learning, making their thinking more visible to 

them and me, and enhancing their ability to think flexibly, communicate effectively, and become 



11 
 

more metacognitive. I am pleased that many of my students will continue to use the routines in 

the future and understand the improvement they made over the few short weeks of the project. 

The student who said, “I enjoyed the routines because it was a good way to … get my brain 

working” best sums up the entire experience. 

Conclusion 

Due to the introduction of visible thinking routines in my Grade 12 Math classroom, I believe that 

both my students’ learning and my teaching practice were improved. There was a clear perception 

that my students’ ability to think, reason, and justify their thoughts throughout the intervention 

improved, and they were more engaged with the material than before the visible thinking 

routines were introduced. This has helped to prepare my students for the future, as they now have 

more of the skills and understanding necessary for them to react to, handle, and effect change in a 

global society. They are now better prepared to think flexibly and critically about incoming 

information, make well-reasoned and justified conclusions, be more adept with metacognition, 

and effectively communicate with those around them.  

One of my goals as a teacher is to help my students become positive contributing members of a 

global society as change makers, and I believe that the use of visible thinking routines in my 

classroom has helped the students develop the skills necessary to use strategies that are more 

informed. As well, I now have a more thorough understanding of the thoughts and opinions of my 

students and the way they process information and form conclusions. This has informed my 

teaching practice, as I have been able to use that information to tailor our class discussions, adjust 

my teaching methodology, and provide activities that best suit the needs of my students and their 

continued development. 

Going forward, I plan to expand my use of visible thinking routines to all of my classes so that my 

students can benefit from their positive results. As well, I plan to continue to educate myself in 

this area by taking the Harvard Project Zero courses in Visible Learning and Visible Thinking so 

that I can further develop as an educator and continue to adjust to the needs of my students as 

they live in and prepare for a continuously changing global society. 
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Reflection Statement 

I have always been concerned with the development of flexible thinking and metacognition in my 

students, so this project gave me a process and methodology that allowed me to explore some 

ideas to develop these skills while providing me with a qualitative way to measure the 

intervention’s successes. As well, I enjoyed working with other educators in the IBSC Action 

Research Program who had similar interests, and they were very valuable in helping me to explore 

the various ideas I had for this project.  

One area I found to be a challenge was the timing of some of the components of the project, as I 

did not have release time from my other school responsibilities to complete them. This caused 

some difficulty in getting some of the work done, as due dates were during busy times at our 

school, such as a holiday fundraising program I run and our report card cycle. Proper planning 

and organization helped to alleviate some of these difficulties; however, release time would have 

been beneficial.  

In addition, if I were to do another project similar in scope to this one, I would want to include 

quantitative as well as qualitative research methods for the project. As a mathematician, I believe 

this would give additional insights that may not have been possible using only a qualitative 

approach. Overall, however, this was a great experience, and I look forward to continuing to 

explore the areas of flexible thinking and metacognition, as well as the use of visible thinking 

routines, with my students. 
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