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Out-of-School, Applied, In-School, and Indigenous Mathematics 
Glen Aikenhead 
 
Introduction 
 

igh school mathematics teacher Mr. Hazelton was lying in his hospital bed, waiting 
for his nurse to calculate his dose of medication. Feeling apprehensive, he Googled 
“mathematics proficiencies of nurses” and found several articles of interest. 

Perlstein and colleagues (1979), for example, discovered that the mean score on 
standardized test items for 95 practising pediatric nurses was 77% with a range from 45% 
to 95%. More recently, Brown (2002) reported a mean score of 75% on a standardized 
mathematics test among 850 nursing students across Canada and the U.S., and 
Özyazıcıoğlu and colleagues (2018) found that the third-year nursing students in their 
study scored 79% on ratio and proportion questions. Should Mr. Hazelton be worried, faced 
with these somewhat discouraging results? 
 
His mathematical mindset made him worry. “This lack of mathematical literacy [by nurses] 
has often been included as part of the widespread debates regarding the instances of nurse 
prescription errors, sometimes resulting in serious patient injury or even death” (Jarvis et 
al., 2015, p. 1). Despite his apprehension, when Mr. Hazelton’s 
medication arrived, he nervously swallowed it. And, to his 
great relief, everything turned out well. Was he just lucky? It 
turns out that Mr. Hazelton had no reason to worry. His 
positive result with the medication was, in fact, the outcome 
with the highest probability, for reasons that will soon become 
clear.  
 
What led to Mr. Hazelton’s worries? His narrow 
mathematical mindset did not take out-of-school mathematics 
into account. Typically, mathematicians’ mindsets are biased 
towards the pure mathematics system dictated by our 
curriculum—the Platonist system of an ideal, hypothetical and abstract world. Perhaps Mr. 
Hazelton, our fictional representative mathematics teacher, needs to learn about out-of-
school mathematics, retool his mindset, and consider the positive implications for his 
classroom teaching. Before doing so, however, we need to better understand Mr. Hazelton’s 
point of view. 
 
In-School Pure Mathematics 
Today, Plato’s ideas about mathematics directly and indirectly exert enormous influence 
throughout Western cultures in general, and over mathematics education in particular 
(Ernest, 2019; Linnebo, 2018). In essence, Plato’s philosophy celebrates the purity of the 
mind while holding worldly matters in contempt. It contends that mathematical ideas 
existed before humanity existed, and that therefore, these ideas have been discovered by 
mathematicians. This shields mathematics from any doubts expressed about the truth of its 
conclusions, the ethics of its influence, and the ethics of mathematicians (Ernest, 2018).  
 
From Plato’s philosophical axioms, he and his followers logically deduced “truths,” which 
include the beliefs that mathematics is value-free, culture-free, non-ideological, purely 
objective in its use, generalizable, and universalist—in other words, the only acceptable 
mathematics system (Ernest, 2016a,b). Notice that the above list of fundamental features 
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has nothing to do with the role of people in mathematics, conveying a message implied in 
most mathematics textbooks: mathematics is separate from the human condition. These 
features express “the antithesis of human activity—mechanical, detached, emotionless, 
value-free, and morally neutral” (Fyhn, Sara Eira, & Sriraman, 2011, p. 186). No wonder 
learners who have a humanistic outlook on life assess school mathematics as uninteresting 
or even objectionable.  
 
Plato’s ideas have stiff competition from mathematicians and mathematics educators who 
contend that humans are the source of mathematics. They oppose the narrowness of the 
age-old (24-century-old, to be exact) Platonist view conventional in school mathematics 
(e.g., Ernest, 2016a,b; Ernest, Sriraman, & Ernest, 2016; Sriraman, 2017). Take, for instance, 
the Platonist claim that mathematics is culture-free. Anthropologist Hall (1976) asserted 
that Plato’s concept “purity of mind” (p. 192) and his philosophical assumption that the 
universe is made up of abstract mathematical objects that mathematicians discover 
amounts to an intellectual mirage: “What has been thought of as the mind is actually internalized 
culture” (p. 192, original emphasis). In other words, mathematics can be described as a 

cultural enterprise, a position that contradicts the messages 
conveyed by most mathematics curricula that indirectly 
promote Plato’s philosophy.  
 
It turns out that Plato’s ideal of pure mathematics is not only 
cultural, it is value-laden, ideological, and with degrees of 
subjectivity in its use (Ernest et al., 2016; Larvor, 2017). More 
specifically, Western mathematics is guided by such 
ideologies as superiority, purism and quantification, and 
embraces values such as truth, rationalism, universalism, 
objectivism, and beauty. While we may speak of the culture 
of Western mathematics, Platonists insist that their 

mathematics is the only true mathematics, and that it is culture-free. Consequently, they 
strongly object to it being called “Western.” 
 
Out-of-School Mathematics 
A well-known research study by Hoyles, Noss and Pozzi (2001) illustrates out-of-school 
contextualized mathematics located in the real world, and not in Plato’s purity of the mind. 
Setting aside the ideology1 of quantification (e.g., the doctrine of letting test scores and their 
means control humans and their society), they decided to spend a total of 80 hours on the 
ward with 12 pediatric clinical nurses to observe nurses as they prepared dosages for their 
patients, watching carefully to see how many mistakes they make. During their visits, the 
researchers observed 30 instances of drug administration that involved 26 different types 
of ratio calculations. Their conclusion? Zero mistakes. Mr. Hazelton’s positive outcome in 
the hospital really was predictable. Hoyles and colleagues concluded, “Most nursing 
literature on drug calculation…in mathematics education focused on individual 
performance on ‘decontextualized’ written tests” (p. 11, emphasis added). These pediatric 
nurses’ 30 calculations, however, were all contextualized in the reality of a hospital ward. 
 
Obviously, these results (75% to 79% versus 100%) suggest that abstract, decontextualized 
mathematics (mostly in-school mathematics) must be significantly different from concrete, 
contextualized mathematics (mostly out-of-school mathematics). The two types of 
knowledge have also been referred to as “declarative” and “procedural” (Chin et al., 2004). 

 
1 In general, an ideology is a doctrine that tells people or institutions how to treat others. 
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Mr. Hazelton’s worry, then, suggests that he had a blind spot in his mathematical mindset: 
While he paid attention to the declarative research results, he did not consider the nurses’ 
procedural mathematics proficiency and therefore underestimated their mathematical 
ability. 
 
What kind of contextualized proportional reasoning did the clinical nurses actually use? 
Their professional training provided them with specific procedures to be used in the 
workplace. Here is one such algorithm (Hoyles et al., 2001):  
 
The actions that a nurse would perform in identifying and handling three quantities when 
preparing a drug: Look at the drug dose prescribed on the patient's chart (“what you 
want”); next note the mass of the packaged drug on hand (“what you’ve got”) and then the 
volume of solution (“what it comes in”). (p. 13) 
 
Selden and Selden (n.d., website quote) translated this on the Mathematical Association of 
America website as:  
 

𝐷𝑟𝑢𝑔	𝑝𝑟𝑒𝑠𝑐𝑟𝑖𝑏𝑒𝑑
𝐷𝑜𝑠𝑒	𝑝𝑒𝑟	′𝑚𝑒𝑎𝑠𝑢𝑟𝑒′

× 𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑠 
 
Mathematicians’ mathematical mindsets may lead them to see the nurses’ procedural 
proportional reasoning from a purely algebraic perspective as: 
 

𝐷𝑜𝑠𝑎𝑔𝑒 =
𝑤 ∙ 𝑣
𝑔

, 
 
where w is what you need, v is volume of solution, and g is what you’ve got. 
 
Notice that while the three algorithms (i.e., the nurses’, Selden and Selden’s, and the 
algebraic one) are expressed in three different languages, they share a similar meaning. 
However, they are not the same. Similar to their research with nurses, Hoyles and 
colleagues (2001) investigated the practices of investment-bank employees and commercial 
pilots. They discovered a similar disconnect between these employees doing 
decontextualized (declarative) mathematics and performing contextualized (procedural) 
mathematics. According to the behaviour of these people who do out-of-school 
mathematics, they use a different type of knowledge than in-school mathematics people do 
(i.e., procedural vs declarative, respectively).  
 
Further insight comes from Devlin’s (2005) research into the “street mathematics” of school-
aged children who work as street market vendors in a third-world country. With 
permission, the researchers unobtrusively listened to the vendors as they interacted with 
their customers. The purpose was to assess the accuracy of the children’s out-of-school, 
contextualized, street mathematics. It was found to be consistently accurate more than 98% 
of the time. Next, the researchers had each street vendor do some typical in-school 
decontextualized mathematics. The results were as follows: 
 
They averaged only 74% when presented with [textbook-like] market-stall word problems 
requiring the same arithmetic, and a mere 37% when virtually the same problems were 
presented to them in the form of a straightforward arithmetic test. (website quote, emphasis 
added)  
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Context matters! In-school mathematics (i.e., abstract Platonist mathematics devoid of 
context) is a different kind of knowledge than out-of-school mathematics (i.e., reality-based 
mathematics immersed in context), for most, but not necessarily all learners. 
 
Did you notice that mathematician Devlin belies a strong Platonist bias in judging the two 
situations as “virtually the same problems”? From the young market vendor’s perspective, 
however, they are obviously not the same. In my view, we have found a blind spot in 
Devlin’s mathematical mindset, similar to Mr. Hazelton’s blind spot. Devlin does not seem 
to understand the vendors’ mathematical perspective: in other words, the concept of out-
of-school procedural mathematics. Perhaps that is due to the Platonists’ insistence that their 
mathematics is the only true mathematics. 
 
Most elementary teachers do not have such blind spots, moving back and forth from out-
of-school to in-school mathematics daily. This is a matter of common sense to the teachers. 
This is because most elementary teachers know that most of their learners must be taught 
mathematics in context (Hill et al., 2008), where “mathematics becomes best understood by 
how it is used” (Barta et al., 2014, p. 3). Otherwise, learning rarely 
occurs. They therefore relate their learners’ world (out-of-school 
mathematics) to the curriculum content, the latter being written 
in a vocabulary of abstract in-school mathematics, (e.g., quantity, 
patterns, sorting, shape and space). This learning is aided by 
visuals, manipulatives, and through play for the youngest 
learners (Brokofsky, 2017).  
 
Out-of-school mathematics is typically encountered in three 
cultural venues: home, community, and employment in most 
workplaces not requiring mathematics specialists highly 
proficient in algebra, geometry, and calculus. For instance, Martin (2014) and Tencer (2016) 
identified the following as the highest-paying jobs for people who hate mathematics: 
business managers, bank clerks, financial advisors, office workers, sales people, many 
health care workers, therapists, most trade workers, university professors of humanity 
subjects, lawyers, police officers, many entrepreneurs, and power plant operators, to name 
a few. 
 
Applied Mathematics 
Mathematics teachers often talk about applying the curriculum’s in-school pure 
mathematics to out-of-school contexts. But how much does this make sense, now knowing 
that nurses, financial advisors, commercial pilots, and street vendors, for instance, master 
concrete procedural mathematics directly on the job? Applying abstract pure mathematics, 
it turns out, is not necessary for them. In fact, it could be risky. Recall how well nurses and 
street vendors did on their decontextualized in-school pure mathematics tests. 
 
Who does apply pure mathematics, then? And how do they do it, exactly? In general, 
scientists, engineers, mathematics teachers, architects, medical doctors, and some 
mathematicians apply pure mathematics on the job. In fact, anyone can do it, as long as 
their worldview or self-identity happens to harmonize with that of a mathematician to a 
sufficient degree (Nasir, 2002). However, without being familiar with the research, math-
oriented people such as our fabled Mr. Hazelton are likely to assume that nurses, financial 
advisors, and pilots also apply pure mathematics at work. Why do they assume this? Here 
are several potential reasons: 
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1. They have a mathematical blind spot. They do not sufficiently understand out-of-school 

mathematics or humanistic self-identities. 
2. They subscribe to a Platonist ideology of purism, which favours purity over practicality, 

and assigns high status to pure abstract mathematics and low status to applied 
mathematics. And, after 12 years of reading this message conveyed in textbooks and 
hearing it from some secondary school teachers, most of the general public accepts the 
ideology of mathematical purism as part of their mainstream Canadian culture, without 
critically thinking about the ethics of doing so (Ernest, 2016b, 2019). 

3. Their worldview enables them to “see” abstract, pure mathematics in the world around 
them. To them, this lens is just common sense, and they assume that anyone can do it. 
They are oblivious to their unconscious mental act of projecting pure mathematics 
concepts onto the world around them, a process that mathematicians call “applying 
mathematics.” 

4. They are unfamiliar with the mechanism for applying mathematics consciously or 
unconsciously, a process that has four steps: recalling, superimposing, comparing, and 
judging (or three steps: “superimposing, deconstructing, and reconstructing”; 
Aikenhead, 2017, p. 101). It proceeds as follows: 

a. Their mind invents images of mathematical abstractions they have learned 
(Einstein, 1930; quoted in Director, 2006), which are recalled as a result of seeing 
features in the real world. 

b. They superimpose a recalled image onto that feature. 
c. They compare their mind’s image and the observed feature. 
d. Their mind judges the closeness of fit between the two. When there is a close 

enough fit, the person identifies that feature in terms of the image superimposed 
on it, which in turn is associated with the original mathematical abstraction. 
Voilà: The abstraction is perceived in the real world. 

 
When you are conscious of these steps, you have a realistic in-depth understanding about 
what “applying math” means. Note that step 4.a above, which involves inventing images 
of mathematical abstractions, can be very challenging for the majority of Saskatchewan 
high school graduates (as explained below), and largely irrelevant outside of school. Being 
conscious of this fact helps you avoid Mr. Hazelton’s and Professor Delvin’s blind spot. At 
work, rather than applying an abstraction, a person’s mathematical procedural knowledge 

is most often recalled or further refined in order to get a specific 
job done. Out-of-school mathematics has meaning in relation 
to a concrete task and, likely, to many personal and 
idiosyncratic associations. Abstractions, however, are 
universal by definition. However, they can sometimes only get 
in the way of completing a task efficiently. 
 
The most important thing to remember about the act of 
unconsciously applying pure mathematics is that the 
prerequisite is to have understood in depth the abstract 
concept in the first place (from which the human mind 
constructs a representative image; Einstein, 1930). However, 

this deep understanding is only available to learners to the extent that their worldview 
or mathematical self-identity harmonizes with a mathematician’s (Nasir, 2002). 
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Mathematical Mindsets: Students vs Mathematicians 
Learners whose worldviews tend not to harmonize with a mathematician’s worldview to 
various degrees comprise about 70-74% of high school graduates in Saskatchewan, and 
include future nurses, financial advisors, and pilots (Card & Payne, 2017; Meyer & 
Aikenhead, 2021a). To varying degrees, these high school graduates tend to be interested 
in the humanities and tend to have negative predispositions to pure mathematics. Indeed, 
an AP-AOL News poll conducted by Ipsos (2005) found that about 37% of young adults 
“hate math” (p. 2). According to the same poll, only 23% of adult respondents stated that 
mathematics was their favourite subject, while 51% chose a humanities subject as their 
favourite. On the surface, this polling result does not make secondary school mathematics 
look good. However, we need to look deeper. 
 
Imagine a spectrum of learner diversity. At one extreme are learners whose worldviews 
and self-identities (Nasir, 2002) generally harmonize with that of their mathematics teacher 
(the right-hand side of Figure 1). At the other extreme are learners who often develop 
serious psychological or physiological anxieties when forced to think mathematically, 
especially when being assessed (Ernest, 2018; Maloney, Fugelsang & Ansari, 2016). Figure 
1 is structured in line with PISA’s six student proficiency levels (OECD, 2019) to avoid 
simplistic dichotomous reasoning.  
 
Figure 1. Distribution of Saskatchewan Grade 12 learners’ degrees of harmony between their self-
identities and mathematicians’ worldviews. Not for streaming learners. The percentage proportions 
of learners in each category arise mostly from PISA 2018 proficiency data, bounded by other research 
sources. Source: Meyer and Aikenhead (2021a). 
 

math-phobic (22%) math-shy (25%) math-disinterested (27%) math-interested 
(18%) * ** 

74% 26% 

 

* math-curious (5%) 
** math-oriented (3%) 

 
These six categories must be treated as being very flexible and tentative, because learners’ 
designation to a category depends on many changeable factors (e.g., the teacher, topic, 
grade level, classroom environment, degree of past success, season, etc.). The categories 
have been proposed for the purpose of discussing learner diversity, and certainly not for 
streaming purposes. Fine distinctions between them are not made in this article. 
 
Figure 1 shows the percentage of learners likely to be in each of the six categories, primarily 
based on PISA 2018 data (OECD, 2019) and modified by Meyer and Aikenhead (2021a) to 
conform with data published in the research literature (Card & Payne, 2017; Frederick, 
1991). The data create a skewed distribution of learners in favour of those who would avoid 
high school mathematics if they could. This spectrum of learner diversity produces several 
notable issues to consider.  
 
Even though the math-phobic, math-shy, and math-disinterested learners generally do not 
perform well on mathematics tests, they can excel at doing a small number of specific kinds 
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of mathematical tasks (Louie, 2017). These could be cultivated by their teacher, of course. 
In line with Boaler’s (2015) “growth mindset” discussions, learners can move towards the 
right side of Figure 1 (Boaler & Confer, 2017), even if not far enough to “learn math to the 
highest levels” (youcubed at Stanford University, 2020, p. 1). My experience tells me, 

however, that many teachers seem to believe this 
youcubed message on its commercial website. To me, this 
expectation seems an unfair burden for teachers to bear. 
Still, teachers should strive to understand and empathize 
with the math-phobic, math-shy, and math-disinterested 
learners and learn how to communicate more effectively 
with these learners so as to help them develop a more 
positive mathematical mindset.  
 
One of the goals of the Saskatchewan curriculum is 
“understanding mathematics as a human endeavour” 
(Saskatchewan Ministry of Education, 2008, p. 9). This goal 
opened the gate, so to speak, to include Indigenous ways 

of knowing in a recently constructed provincial mathematics pedagogical resource for 
teachers and leaders of mathematics in Saskatchewan entitled SaskMATH (Provincial 
Education Sector, 2021, website quote). It is legitimate, therefore, to treat Indigenous 
mathematizing as out-of-school mathematics content with which to enhance your 
mathematics classes and reach even your most math-phobic learners. You will be surprised 
to discover how many humanistic contexts there are in which students can engage with 
mathematics in their real world (Aikenhead, 2021a,b).  
 
Indigenous Mathematizing and Perspectives 
Out-of-school mathematics is related to Indigenous mathematizing because each is 
preoccupied with procedural knowledge. In other words, they share a focus on getting a 
job done. However, they differ in the type of understanding that results: intellectual versus 
wise, as explained later in this section. The term “mathematizing” is used because 
Indigenous languages are “verb-based” (Aikenhead, 2017, p. 87), whereas Western 
languages are noun-based. This cultural difference is respectfully acknowledged and 
accurately described by the verb “mathematizing,” in keeping with an anthropological 
definition of mathematics for any culture: counting, measuring, locating, designing, 
playing, or explaining quantitatively (Bishop, 1988, pp. 147-151). 
 
Traditional Indigenous mathematics systems continue today, expressed through actions. A 
McDowell Foundation research report (Duchscherer et al., 2019) describes Grade 5-12 
students at Carrot River engaged in the following mathematizing activities, each associated 
metaphorically with curricular content (shown in brackets along with the name of the 
lesson creator):  
 

1. pow-wow dancing and beading (polygons; Serena Palmer);  
2. playing games (probability and combinatory logic; Danielle Vankoughnett; and 

two-dimensional spatial reasoning using problem solving strategies; Kevin 
Duchscherer);  

3. hand drumming (multiplication; Serena Palmer); 
4. looming (probability trees; Krysta Shemrock);  
5. berry picking (number line; Danielle Vankoughnett); 
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Project leader and knowledge holder, Sharon Meyer, produced three videos that exemplify 
Indigenous mathematizing. Two are excerpts from exemplary Indigenous culture-based 
mathematics lessons she taught, which involve birch-bark biting (angles and symmetries) 
and dream catcher construction (polygons and two-eyed seeing), respectively. 
 
The project report identifies various kinds of supports that teachers need in order to 
collaborate to produce high quality, Indigenous mathematizing lessons that connects with 
specific curriculum entries. The report also identifies what teachers need to learn if they 
have not already, as well as what they may need to unlearn in order to facilitate these lessons 
in a manner that is faithful to their intent. 
 
Conclusion 
Indigenous mathematizing shares some values with Western mathematics (e.g., truth, 
beauty, and the human desire to make sense of the world). However, the two mathematical 
systems rely upon completely different ways of knowing. While understanding Western 
mathematics is accomplished according to the intellectual tradition of understanding, which 
is mainly linear, reductionist, analytical, and resides in the brain, understanding 
Indigenous mathematizing is accomplished through the wisdom tradition of 
understanding—a holistic balance engaging the intellectual, emotional, physical, and 
spiritual dimensions of the medicine wheel (i.e., the brain, heart, body, and soul). 
 
A concept of importance to Indigenous culture-based school mathematics is two-eyed seeing 
(Hatcher et al., 2009). It means to learn the best from each system, and then use either one, 
or a hybrid of both. In doing so, we must take care to maintain the cultural authenticity of 
each system (Garroutte, 1999), lest the Platonist ideology of superiority infringes on the 
equity spirit of two-eyed seeing, as witnessed during European colonization (Bishop, 1990). 
However, the effort is worthwhile, as inviting Indigenous mathematizing into the 
classroom may help math-phobic and math-shy learners give greater attention to relevant 
curriculum content (Meyer & Aikenhead, 2021b) and thereby move toward a more positive 
mathematical mindset. 
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