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Abstract 

The primary purpose of this paper is to illustrate 

how the psychological concept of flow can be applied 

to the teaching of mathematics through cultural 

artefacts. Flow has been found to increase student 

engagement in various educational settings. The eight 

characteristics of flow are outlined, followed by an 

overview of the use of flow within the mathematics 

classroom.  Achieving a state of flow results in an 

increase in interest, motivation and therefore in 

students’ learning. Linking mathematics to personal 

experiences and cultural practices have a positive 

effect on motivation and understanding becomes 

easier. Culture is a vital part of learning mathematics 

and cultural practices such as weaving can be 

motivating and lead to a better understanding of 

mathematics. Mathematics becomes something real 

and applicable to community practices and activities. 

The weaving activity in this paper demonstrates how 

linking a mathematical activity to a cultural artefact 

can motivate students and result in a state of flow. The 

experience of flow is subjective in nature. Achieving a 

state of flow is an individual experience and not all 

students will achieve a state of flow from the same 

activity. For this reason, educators must themselves 

understand the concept and the characteristics of flow 

if they are to lead their students to achieving flow. 

1. Introduction

Mathematics has been perceived as a difficult 

subject by many students. It is often seen as a set of 

rules, algorithms, and theorems to memorize [4], [7]. 

Learning mathematics under these impressions can be 

burdensome, challenging, and even traumatic [8]. 

Many adults report having bad experiences with 

mathematics in school, resulting in a negative 

relationship with mathematics throughout the rest of 

their lives [8]. Attitudes towards mathematics tend to 

worsen throughout childhood and adolescence, 

hindering development, education, and engagement in 

mathematics-related activities [17]. Thus, student 

engagement in mathematics education is problematic 

[2].  

The learning and teaching of mathematics has been 

influenced by many factors through the decades. One  

factor is cognitive psychology which is concerned 

with the process of learning. Another factor is the fact 

that today’s classrooms are multicultural. It would 

probably be easier to teach mathematics to a group of 

students with similar abilities, similar learning styles, 

and similar cultural realities. This would also be very 

boring. The diversified sociocultural backgrounds of 

students makes teaching more interesting and more 

challenging. Good teaching requires a strong 

knowledge of the subject matter, an understanding of 

the psychology of learning, and the ability to lead 

students to the comprehension of mathematical 

concepts through action learning using personal 

cultural practices that students can relate to. 

Interpreting the relationship between school 

mathematics and culture provides a basis for student 

participation in their learning.  

For the purpose of this paper, we concentrate on 

the positive psychological concept of flow. Flow, 

defined as a state of deep absorption in an activity that 

is intrinsically rewarding and enjoyable [11], has been 

found to increase student engagement in various 

educational settings [25], [5], [10], [16], [3]. 

Csikszentmihalyi [12] suggests that educators can 

help students want to learn mathematics by turning 

mathematics activities into flow experiences. He 

states that when an experience becomes intrinsically 

rewarding, students are motivated, engaged, and self-

directed in their acquisition of knowledge.  

2. Flow: The psychological state of optimal

experience

     When musicians, athletes, and artists are fully 

engaged in what they are doing, and barely conscious 

of their surroundings, they are said to be in a state of 

flow. The concept of flow, a cornerstone of positive 

psychology, was discovered by Dr. Mihaly 

Csikszentmihalyi, a Hungarian psychologist best 

known for his work on flow, happiness, and creativity 

[6]. A prisoner during World War II, he wondered 

how individuals that experienced pain and suffering 

were able to find happiness and create a life worth 

living. By observing people working relentlessly on 

tasks and not bothered by boredom or fatigue, he 

found that happiness can be consciously cultivated 
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and maintained through a state of flow [11]. While 

interviewing athletes, musicians and artists in order to 

determine how they experienced optimal performance 

levels, he noticed their work “flowed” out of them, 

leading them to their best creations and achievements. 

He also determined that flow requires a high level of 

dedication and persistence [14].   

Flow is considered an ‘autotelic experience’ 

resulting from an activity that produces its own 

intrinsic motivation, rewards, and incentives without 

extrinsic benefits [16]. Numerous studies have 

evaluated the benefits of flow states, including 

increased creativity, happiness, and productivity [14]. 

Hou [19] determined that flow states affect student 

learning behavior patterns related to in-depth 

processes, Brom, et al. [9] found that flow increased 

positive affect, and dos Santos, et al. [16] stated that 

flow states resulted in an increase in students’ 

learning, in-depth reflective process, and student 

satisfaction.  

While any task has the potential for flow, certain 

conditions must be met prior to entering a flow state. 

These include a challenge-skill balance, a merging of 

action and awareness, a clear set of goals, 

unambiguous feedback, concentration on the task at 

hand, a sense of control, a loss of self-consciousness, 

and a transformation of time [6].   

 

3. Flow in mathematics 
 

A significant body of literature outlines the 

concept of flow yet very little research explores flow 

within a specific educational setting, such as learning 

mathematics. A number of studies have however dealt 

with the topic. Golnabi [18] and Chiru [10] have 

examined the characteristics of flow involved in the 

learning of mathematics. Allan [1] conducted a small 

research project that confirmed mathematical flow is 

a valid construct and concluded that “mathematical 

flow is a positive experience of full engagement with 

mathematics where joy is experienced through 

solving challenging problems, seeking understanding, 

and constructing proofs” (p.14). They found that a 

single mathematical flow experience can result in an 

increased enjoyment of mathematics and a long-term 

increase in engagement with mathematics. 

Specifically, student participants in their study 

indicated they experienced an intense focus on a task 

where nothing else mattered and a desire to keep 

working in order to build on new and existing 

knowledge to solve the next problem.  Mathematical 

flow should provide a positive experience where 

mathematics is learned through activities that ensure 

the student is neither bored or overwhelmed by the 

challenge of the activity [1]. 

  

 

 

4. Designing flow-inducing activities  
 

Based on the eight characteristics of flow, several 

researchers have put forth suggestions for inducing 

flow states in educational settings, including in 

mathematics education.  

 

4.1. Establishing interest 
 

Interest is a fundamental aspect of flow 

experiences as it provides the foundation for 

becoming engaged with a topic for its own sake [26]. 

Csikszentmihalyi [13] indicates that “the more 

difficult a mental task, the harder it is to concentrate 

on it. But when a person likes what he does and is 

motivated to do it, focusing the mind becomes 

effortless even when the objective difficulties are 

great” (p.27). Spencer [27] states that “one of the best 

ways to intrinsically motivate students is to connect 

assignments to their interests” (p.12). It has been 

documented that students’ learning is influenced by 

their cultural background [31], [22], [28]. Integrating 

references to home and community into the subject 

matter can make mathematics more meaningful, more 

relevant, and therefore more motivating [22], [23], 

[15]. A mathematical task is likely to develop 

motivation if it sparks student interest [1]. Such 

referents can lead to student engagement, the first step 

to achieving a state of flow.  

 

4.2. Balance of challenge and skills 
 

Flow states require a balance of challenge and 

skills. Kiili et al. [20] state that flow experiences 

usually occur when a person’s mind or body is 

stretched to its limits in a voluntary effort. Often, both 

skill and challenge level must be moderately high in 

order to experience flow [14]. A mismatch in balance 

and skills can result in different emotional states, such 

as anxiety and stress when challenge is too high, and 

boredom and apathy when a task is too easy [10]. 

Surprisingly, pressure and stress were found to trigger 

flow experiences [1], supporting the notion that 

challenge is an important aspect for flow. Although 

stressful, participants reported the experience as being 

emotionally demanding yet rewarding as they reached 

new levels of understanding. According to Golnabi 

[18], mathematical problem solving provides an 

appropriate context for flow to occur, since both 

challenges and skill level are measurable in a 

mathematical context. Allan [1] found that problems 

were best at inducing a state of flow when they had 

multiple solutions for variable skill levels. In other 

words, they are open-ended, having a low entry and a 

high ceiling [8].  
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4.3. Feedback 
 

Flow states require consistent feedback [14]. If a 

student is unsure that their work is on the right path, 

they are easily discouraged to continue. However, if a 

student has access to timely feedback, they are more 

likely to feel motivated to finish their work. Feedback 

can be obtained via discussions with the instructor, 

group work with peers, or a clear set of assignment 

guidelines. In order to maximize feedback, it is 

important that students are able to share their 

mathematical thinking without fear of judgment as 

mistakes are to be expected and should be seen as a 

part of learning mathematics [8]. 

 

4.4. Goals 
 

Flow states also require a clear, attainable goal 

[14]. Some students have difficulties portioning their 

work into smaller, more achievable steps. If a student 

attempts a task that is too large in scope, they can be 

easily discouraged. If a student accomplishes a series 

of small tasks, they are more motivated to continue 

their work. Allan [1] determined that mathematical 

flow experiences were goal driven with an aim to 

solve a complex problem, prove something, or 

understand a complex situation. Shernoff et al. [26] 

indicate that goals are an important precondition to 

flow, but only if the goals are related to the task and 

not imposed externally as a performance criterion.  

 

4.5. Control 
 

Flow experiences tend to come from doing math 

activities rather than listening to explanations [25], 

[1]. Waterman et al. [30] suggest that the importance 

of student choice is related to the necessity for control 

in achieving a flow state. According to Golnabi [18], 

being in control is central to the experience of 

mathematical flow. As such, interventions and 

activities should be designed to maximize student 

choice and control. Chiru [10] was able to determine 

that a balance between demands and control is as 

important as the balance between challenge and skills, 

suggesting that increases in challenge should also be 

accompanied with increase in decision latitude for 

students.  

Allan [1] ascertained that questions which best 

encourage mathematical flow states were open-ended, 

involved student choice and required the use of 

student creativity. Flow was highest when activities 

focused on conceptual understanding and proofs with 

complex and challenging open-ended questions, as 

opposed to questions with predetermined procedural 

answers. These open-ended tasks allowed students to 

make choices and gain more control, both important 

for both flow and intrinsic motivation.  

Flow experiences tend to come from doing math 

activities rather than listening to explanations [25], 

[1]. Waterman et al. [30] suggest that the importance 

of student choice is related to the necessity for control 

in achieving a flow state. According to Golnabi [18], 

being in control is central to the experience of 

mathematical flow. As such, interventions and 

activities should be designed to maximize student 

choice and control. Chiru [10] was able to determine 

that a balance between demands and control is as 

important as the balance between challenge and skills, 

suggesting that increases in challenge should also be 

accompanied with increase in decision latitude for 

students.  

Allan [1] ascertained that questions which best 

encourage mathematical flow states were open-ended, 

involved student choice and required the use of 

student creativity. Flow was highest when activities 

focused on conceptual understanding and proofs with 

complex and challenging open-ended questions, as 

opposed to questions with predetermined procedural 

answers. These open-ended tasks allowed students to 

make choices and gain more control, both important 

for both flow and intrinsic motivation.  

 

4.6. Environment 
 

Classroom environment can affect the prevalence 

of mathematical flow. A friendly and supportive 

classroom environment where mistakes are seen as 

learning opportunities results in a greater likelihood of 

experiencing flow [1]. Additionally, such an 

environment can trigger group mathematical 

experiences. For instance, Allan [1] and Armstrong 

[3] found that group flow facilitated learning and 

progress that could not have been achieved 

individually. Group flow was strongest when the 

environment contained whiteboards for the students to 

use, allowing them to easily share their ideas with 

their peers, to have the freedom of movement to 

collaborate, and to quickly erase when necessary. 

However, Armstrong [3] cautions that the 

environment should support sufficiently decentralized 

groups in order to experience group flow. 

 

5. Weaving:  A flow-inducing activity   

 
     Motivation is an important factor when learning 

mathematics and is directly related to the quality of 

the experience.  Students who are not motivated will 

not be interested and therefore the experience will be 

negative or neutral at best. A large part of flow-

inducing activities involve social interactions between 

students and within the activity itself. Connections 

between the culture and community of the students 

and the subject matter motivate and encourage 

learning making mathematics meaningful. Weaving is 

an activity that is familiar to many students as it is an 

important practice in all cultures.  
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     Weaving is a broad term used to encompass a 

variety of skills such as basket weaving, art hangings 

such as tapestries, rug making, and the production of 

textiles. It is a skill that is valuable in many cultures 

around the world and examples of this can be seen in 

the artefacts and practices of various ethnicities. 

Weaving in the production of textiles is a process by 

which yarns of various colors are interlaced in such a 

way as to create a design or pattern that repeats.  

Motifs in woven cloth are an important part of every 

culture and vary within communities. These fabrics 

are used for a variety of purposes: practical, symbolic, 

religious or ceremonial. Textiles, their creation and 

their uses, play an important part in studying history, 

culture and mathematics. Tartans are an example of  

weaving motifs that have cultural and historical 

significance. How many Canadian students know that 

Canada has a national tartan, the Maple Leaf tartan 

and can recognize it (see Figure 1)? Studying the 

historical aspect of the Maple Leaf will lead to not 

only a discussion regarding its historical significance, 

the meaning of the colors, but also to an analysis of 

the design. 

 

 
 

Figure 1. Maple Leaf tartan 

 

Other tartans or textile motifs can then be studied 

for their historical and cultural significance.  Students 

should be then able to determine the significance of 

the colors involved in the production of this tartan.  By 

studying their own community, they can determine 

which community groups and organizations have 

tartan as part of their formal dress and what is the 

significance of the pattern and colors.  Community 

resources are an asset to learning and should not be 

ignored [15].                             

Math is perhaps not the first thing that comes to 

mind when thinking about weaving but weaving 

patterns and their connection to mathematics have 

been studied by various researchers such as Zaslavsky 

[32] and Washburn [29] who have studied patterns in 

African cultures. The following activity is based on 

the process of weaving to create a repeating pattern as 

would be used in textile production. Not only is this 

activity culturally significant, it is also a mathematical 

activity. Studying the pattern of a woven artifact, such 

as the Maple Leaf tartan, or the ‘ceinture fléchée’ 

(French sash or Métis sash) (Figure 2) can lead to a 

discussion about various mathematical concepts, as 

well as its historical and cultural significance.   

 

 
 

Figure 2. French Sash Métis Sash 

 

This is also an opportunity to link school, and 

community.  Students who have a sash at home may 

wish to bring it to school and talk about it’s 

significance, how it was made, and by whom.  

Communication and discourse are important 

components of mathematics learning. Each sash can 

be displayed to study the patterns.  

Prahmana and D’Ambrosio [21] have indicated 

that mathematics is part of our daily life and that 

culture can be used as a basis to learn mathematics. 

Their study explored the mathematical concept of 

geometry transformation in the Yogyakarta batik 

pattern. An analysis of various weaving patterns 

shows that the concept of transformational geometry 

has been applied.   

 

 
 

Figure 3. Simple weaving pattern  
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An analysis of tartans and their significance 

demonstrates the use of mathematical concepts such 

as counting, measuring, symmetry, tessellations, 

problem solving, increasing and decreasing patterns, 

repeating patterns, and geometrical transformations.  

Having understood the process of weaving, students 

could create their own pattern.  Figures 3 and 4 are 

representative of the over, under, over, under weaving 

technique.  Using colored paper, elementary school 

students can practice the over, under, over, under 

technique (see Figure 3) to achieve a simple design.   
 

 
 

Figure 4. Weaving pattern using transformational 

geometry 

 

Properties of transformational geometry have been 

applied in Figure 4.  This pattern used the concept of 

geometric transformation in the form of reflection and 

translation. Before weaving their pattern, students can 

draw their design on grid paper.   

           

 
 

Figure 5. Increasing and decreasing pattern 

 

Interested geometric designs can be created and 

integrated into discussions about the mathematics 

involved. An example of a design using an increasing 

and decreasing pattern is shown in Figure 5.  All 

student created designs can be interpreted, analyzed, 

and discussed.  Being able to communicate the 

process applied in the creation of the design is an 

important element to mathematics learning.  

This type of activity has the potential to induce 

flow for several reasons. It addresses student interest 

by discussing aspects of their cultural and community 

weaving practices. By creating their own design and 

determining the complexity, students themselves 

determine the balance between their skill level and the 

challenge while also maintaining creative control over 

their own project. The goal of such an assignment is 

clear, and it allows for consistent feedback as students 

will recognize whether or not their weaving fits into 

their desired patterns. Students can share their project 

with their peers and teachers as an additional source 

of feedback. The level of mathematics employed in 

the creation of the design depends on the complexity 

of the design. This creates a balance between 

knowledge and skill level, one of the characteristics of 

flow. Upon reaching one level of understanding, 

students can increase their skill level by creating a 

different pattern requiring the application of other 

mathematical concepts. Good material acts as a 

stepping stone to learning mathematics. Such an 

activity should not simply be a fun activity but one 

based on mathematical reasoning.   

 

6. Discussion 

    Mathematics cannot be considered a culture free 

discipline. It is an integral part of cultural activities, 

and practices [15]. All cultures are rich in practices 

and artefacts that demonstrate a strong knowledge of 

mathematical concepts.  Educators incorporating 

cultural artefacts in their teaching practices can 

explore mathematics from a different perspective. 

Using relevant cultural artefacts which students can 

analyze, interpret, and recreate their own way, 

provides opportunities for being creative and using 

their mathematical knowledge. The weaving activity 

demonstrated using geometric transformations can be 

interlaced with the characteristics of flow. An artefact 

that students have seen, and of which most would 

have at home, will establish interest.  Interest will first 

be generated by the fact that this object, the sash or the 

tartan is familiar and real. This provides a platform for 

students to discuss the creation and significance of a 

woven artefact.  Creating a design of their own allows 

the student to choose the level of difficulty.  The 

balance between challenge and skills is delicate.  

Student engagement is a personal thing. By allowing 

students to create their own design, they decide the 

challenge level that best fits their skill level. The 

feedback is immediate.  The student realizes whether 

the pattern is as he/she planned. The goal of the task 

is controlled by the student. Educators must also 

realize that not all students will show enough interest 

and motivation in the same activity to achieve a flow 
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state. Being in control is essential to flow [18], but 

does mean simply doing something fun and easy. 

There must be a balance between challenge and skill. 

This balance must be challenging enough to achieve 

higher mathematical learning. Not all students are 

able to self-evaluate and may need teacher 

intervention [10].   It has been determined [1] that 

activities that involved student choice and required 

the use of student creativity were activities that would 

best encourage flow by merging action and 

awareness.  

 

7. Conclusion 
 

Mathematics is more than a set of predetermined 

procedures resulting in right or wrong answers. It is a 

multidimensional subject that requires reasoning, 

creativity, connection making, and interpretation [8]. 

With flow theory, students can experience the 

satisfaction of learning something new. Flow 

experiences can contribute to a growth mindset by 

encouraging students to see effort as their path to 

mastery and to perceive mistakes as learning 

opportunities [1], [8]. Csikszentmihalyi [14] states 

“science and math, for instance, have the initial 

disadvantage of presenting too many challenges to 

students, who start out being anxious and often remain 

in that state without ever enjoying the learning 

process” (p.185). The goals, the rules, and the 

constant feedback provided in mathematics class are 

criteria that lead to a flow experience. Teaching 

strategies that connect with the real lives of students 

and their community, promote understanding leading 

to academic achievement. When students see that 

mathematics is close to the culture around them, 

mathematics becomes meaningful and can be applied 

to their lived experiences [21]. Not only does 

integrating a cultural artefact pertinent to students’ 

community provide for mathematics learning, it 

creates an important link with the community. This 

link makes mathematics interesting, motivating, and 

real; all conditions essential to achieving a state of 

flow. Implementing the use of artefacts into 

mathematics teaching is not easy and should be 

considered carefully. Teachers must know how and 

why they are using artefacts to teach math.  People do 

not experience the same situation in the same way, or 

in their desire to do what they are doing. Therefore, 

educators must also realize that not all students 

experience flow in the same manner, nor does the 

same activity lead to a flow experience for all 

students. Achieving a state of flow is an individual 

experience. Educators must themselves understand 

the concept of flow if they are to lead their students to 

achieving flow. 
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