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From the Editor

Monica Chahal

I have no special talents. I am 
only passionately curious.

Albert Einstein

I hope that your summer has been filled with sunshine 
and joy and that you enjoyed your well-deserved break. 
Welcome back to a new academic year. It’s funny how in 
June the summer seems so far away, yet come September 
the summer seemed to fly by. But what September brings 
is the chance for a fresh start with fresh faces. The pos-
sibilities at this time of year are unlimited.

This year the Science Council is hosting another 
joint conference with the Mathematics Council, with 
the theme “Geeks Unite 2.0.” Are we not all geeks at 
heart? I chose to open with the quotation from Einstein 
because, to me, passionate curiosity is the realm of the 
geek. As educators, we are questioners, cross-examin-
ers, inquirers and planners. How many of us find con-
versations revolving around climate change, redox reac-
tions, stoichiometry or collision equations exciting? 
I’d conjecture that many of us do. But we don’t stop 
there. The questions then become about pedagogy 
and praxis. How do you teach single-replacement reac-
tions? What is the best way to assess the nitrogen 
cycle? Is there a better way to describe buoyancy or 
electric current? And who do we talk to? Our peers, 
our coteachers, our colleagues and our friends. So, 
come join us in Edmonton this October and share your 
ideas, pose your questions, and help us create an in-
vigorating and exciting conference experience.

In line with our conference theme, this issue of the 
Alberta Science Education Journal opens with an article 
that expertly illustrates the many connections between 
math and science education. Simply put, Ellen Watson 
asks how we should be teaching math. Her answer: in 
conjunction with science. She aims to answer the long-
asked question about mathematics: “Why do we need 
to learn this?” While her article is primarily anecdotal, 
it provides tangible examples from her personal and 

teaching experiences that illustrate how integrating 
high school math with physics would benefit students. 
Only a real geek would find the solution to this ques-
tion of why we teach math in the study of decibels or 
projectile motion. For her, the answer is simple—con-
textual mathematics.

Latika Raisinghani’s article explores the notion that 
cultural diversity, while at times a strength, can also 
be a challenge. Her qualitative study of science and 
math teachers in a school district in western Canada 
is explored through the discourse of critical multicul-
tural education and provides an interesting perspective 
from an insider/outsider—one that may cause a few of 
us to reconsider how we interact with our culturally 
diverse students.

Erica Alexander, Richard Pardo, Susan Lindsay and 
Carol Rees’s article describes the DRiVe Inquiry Frame-
work. One of the authors states, “This model has 
changed the way I think about teaching and how my 
students feel about learning.” Is that not what we all 
desire? The article stemmed from the experiences of 
teachers who were asked to teach a more open-ended 
style of science inquiry and were concerned about how 
to do so successfully. What is great about this article 
is that it provides readers with a detailed example from 
a Grade 7/8 combined class in which students are test-
ing pop bottle water filters. This article provides us 
geeks with something tangible to bring into our 
classrooms.

The inner geek in Saiqa Azam hopes to answer the 
question, How do we better prepare our elementary 
teachers to become better science teachers? To answer 
this, she proposes a unique model for improving ele-
mentary teacher education programs and professional 
development for inservice elementary teachers with 
regard to scientific pedagogical content knowledge 
(PCK). In her proposal, she highlights not only research 
in the field but also why this research is pivotal for 
those teaching science in Alberta schools.
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Also in this issue, we have added a new feature— 
a book review. Kerry Rose reviews Small Teaching: Ev-
eryday Lessons from the Science of Learning, by James M 
Lang (Jossey-Bass, 2016). For her, this book is great not 
only because of its useful examples but also because 
the author uses rich storytelling—again, only a geek 
would find a book about teaching fascinating.

If you would like to review a book or have a book 
of interest for one of your colleagues to review, or if 
you have any other suggestions for the journal, please 
let me know. I can be reached at atascjournaleditor@
gmail.com.

I hope you find some inspiration for your upcoming 
school year from these articles.
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Abstract
Mathematics students often ask, “Why do I need to 

know this?” Teachers may provide answers loosely re-
lated to professions or, perhaps, reasoning skills. Is this 
enough? Considering the social, traditional and contex-
tual reasons for teaching mathematics in schools, orga-
nizing information into separate subjects is no longer 
feasible in our fractal and complexity-based thinking 
culture. To better suit our complex society, this author 
proposes that mathematics be taught in conjunction 
with science courses, particularly physics at the second-
ary level. This collaboration may provide a better re-
sponse to why one learns mathematics by concretizing 
abstract mathematics in the context of science.

As a high school mathematics teacher, I was often 
asked, “Why do we need to learn this?” This (somewhat 
tiring) question is an important one for mathematics 
educators to consider. Why do we need to teach math-
ematics? Is it because we always have? According to 
Robitaille and Dirks (1982), formal mathematics educa-
tion has become a familiar tradition. Interestingly, this 
sentiment is still alive today. We teach mathematics 
because we always have, yet there are many other 
reasons to teach mathematics.

I am sure that most secondary school mathematics 
educators would agree with me when I assert that 
everyone needs to have some understanding of math-
ematics, whether for simple estimation or for complex 
calculation in their daily lives. This need highlights the 
importance of including instruction in the nature of 
mathematics—those ideas, principles and character-
istics central to knowing in mathematics (Garegae 
2016; Robitaille and Dirks 1982). However, while math-
ematical knowing must be taught, this knowing can 

be interpreted in a number of ways. These interpreta-
tions, based on teacher, societal and contextual beliefs, 
influence the curriculum as presented in our class-
rooms (Garegae 2016). We, as mathematics teachers, 
hold deeply rooted beliefs about mathematics and 
education (Foster 2013), and I wonder if those beliefs 
are enough reason to maintain mathematics as a sepa-
rate course.

Curriculum documents, which our courses are 
based on, are often written with a particular curriculum 
emphasis. According to Roberts (1982), a curriculum 
emphasis offers students strong messages about a 
subject rather than within the subject. All agents in-
volved in curriculum development and delivery have 
beliefs about what should be emphasized in the class-
room. These emphases may be based on career deci-
sions, personal beliefs or even an agent’s own interest 
in the subject. As teachers, we must recognize our 
curriculum emphases to uncover our reasons for teach-
ing mathematics.

I am well aware of my curriculum emphasis in 
mathematics. One reason to learn mathematics is for 
scientific exploration,1 particularly at the high school 
level. This view is supported by Project 2061 (1989), 
which claims that “because mathematics plays such a 
central role in modern culture, some basic understand-
ing of the nature of mathematics is requisite for scien-
tific literacy.” Through mathematics, we are able to 
better explain science, specifically physics.

Originally developed through philosophy, mathe-
matics comes to life when applied within physics. For 
example, “the ancient doctrine of the conic sections, 
which for 2000 years was an object of mere curious 
speculation, in the hands of Newton, became an effi-
cient means of unfolding the planetary motions” (“Use 
of Mathematics in the Sciences” 1852).

Why Teach High School Mathematics? 
Integrating Mathematics with Other 

School Subjects

Ellen Watson



6	 ASEJ, Volume 45, Number 3, September 2018

With these applicable examples in mind, I claim 
that we teach students mathematics as a tool with 
which to explore our physical universe. Physics and 
mathematics, together, explain and quantify nature. 
Science is used to search for, describe and explain pat-
terns in nature, while mathematics quantifies those 
patterns (So 2013). As the conceptualization of math-
ematics is central to explanation in physics (Brahmia 
2014), it seems logical to teach the two together. The 
interrelated nature of the two subjects is undeniable, 
yet we teach them separately in schools.

Why is mathematics taught as a separate subject in 
schools? Arguably, mathematics is a language, one in 
which our students need to be well versed (Riccomini 
et al 2015). If we were to integrate mathematics across 
all subjects, like language skills are reinforced in all 
courses, we may see deeper mathematical comprehen-
sion in our students (Freudenthal 1973; Phillips et al 
2009). Mathematical skills are used in a variety of sub-
jects, including graphical interpretation in the sciences 
and history, ratio and proportion in art and physical 
education, and spatial reasoning in the practical and 
applied arts. It is time for mathematics to take on a more 
central role in our secondary school curricula, potentially 
one in which it is embedded across courses.

Many subject areas use some aspect of mathemat-
ics, but the subject with which we could best begin 
this transition is high school physics. With the question 
of why we teach math in mind, I propose that we 
combine physics with senior mathematics courses to 
best serve our students and show them one reason to 
learn mathematics.

Emphasizing Mathematics in 
Physics Class

In my experience, students have difficulty seeing 
mathematics beyond the mathematics classroom. My 
students often seemed to have forgotten the concepts 
I had taught them in Mathematics 10 when I taught 
them the next semester in Science 10. It may be that 
they had difficulty translating the concepts they had 
learned through abstract explanations in math class to 
the concrete applications in science.

Perhaps the elementary curriculum, with its built-in 
thematic and integrative approach to subjects, makes 
clearer connections with concrete concepts (such as 
using fractions to show the parts of something) and 

mental strategies for mathematics operations (such as 
adding objects to find a total). As students progress in 
their mathematics education, these connections be-
come increasingly difficult for them to perceive. Con-
cepts become more abstract, and applications are less 
readily accessible. This is made even more difficult by 
the fact that the mathematical skills required for many 
physics concepts are taught in mathematics courses 
designed for older students (Brahmia 2014). For ex-
ample, the concept of waves is often taught in science 
or physics courses well before the trigonometric ratios 
required to interpret wave behaviour are taught in 
mathematics courses; the same can also be seen with 
the concept of light intensity, which is taught in science 
well before logarithms are taught in mathematics. This 
mismatch in sequencing can make it difficult for stu-
dents to connect mathematics and science concepts.

Students need to be aware of why they are learning 
a subject. According to O’Brien (1973), and echoing 
the ideas of Dewey (1916), we must consider the use-
fulness of the subject in the life of the child. A recent 
study conducted by Mahaffy et al (2017) found that 
students were more interested and motivated to learn 
when encountering science in a context-rich course.

While we cannot possibly predict the future useful-
ness of mathematics for each student, I contend that 
we can show students useful meaning through the lens 
of contextual mathematics in terms of physics. Physics 
is made up of both conceptual, qualitative understand-
ings and mathematical explanation (Elby 2011; Hammer 
1994). In senior physics courses, we are often reiterat-
ing, or pre-emptively teaching, a lot of the content 
taught in mathematics courses, and mathematics 
courses often use physics examples in their textbooks 
(Brahmia 2014). As an example, in a 30-level mathemat-
ics textbook I use, a question asks students to explain 
the reflection of a sound wave in terms of its sinusoidal 
wave function. The question uses two paragraphs to 
explain the physical phenomenon before asking stu-
dents to simply interpret a wave function based on 
their understanding of sine waves. This question could 
be so much more, if only the teacher were able to ad-
dress the physics as well as the mathematics. Not only 
is mathematics for physics contextual, but it can also 
provide clearly unified information about the workings 
of the world.

Contextual mathematics, such as mathematics that 
is integrated with physics education (among other 
subjects), may unify these subjects while addressing 
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miscommunication between teachers of the subjects. 
According to Freudenthal (1973), physical science 
teachers want mathematics curriculum to prepare 
students for their subjects, yet because of mistrust, 
they de-mathematize their subjects. I have many col-
leagues who teach science but not mathematics, and 
they are not always sure what students have learned 
in mathematics before entering physics courses; hence, 
it is easier to teach the physics using the least complex 
math possible. For example, wave motion can be taught 
without an understanding of trigonometric functions 
(and, admittedly, it is simpler), but if these concepts 
are taught together, students are offered an opportu-
nity to better understand both concepts. In addition, 
the de-mathematization of the physics classroom ne-
glects to show students how physics experts use 
mathematical ideas to reason about the physical world 
(Brahmia 2014). If physics concepts and the required 
mathematics concepts were taught in parallel, students 
may develop a better conceptual understanding of 
mathematics, as is required by experts, and the mis-
trust between the teachers of physics and mathematics 
might be eliminated.

However, even when we include mathematics in-
struction in our physics courses, are students readily 
making the connections between the two subjects? In 
my experience, no. Students still see mathematics and 
physics as separate subjects with little cross-pollination, 
and therein lies the problem. To remedy this lack of 
connection between subjects, I propose that we teach 
the two subjects as they have evolved—together. For 
example, consider the origins of what is now known as 
calculus. Ideas in calculus, such as derivatives, were 
discussed before Isaac Newton contributed to the field, 
but Newton is considered to be a father of modern 
calculus. Newton came to these ideas as an extension 
of his work with physics, particularly optics and motion. 
It was through a need in physics that this “new” math-
ematics was derived. Mathematics and physics are based 
on interdependent ways of knowing (So 2013). The in-
terconnectedness of mathematics and physics provides 
one more argument for the teaching of mathematics 
with physics courses. Mathematics is more than a tool; 
it is a way of understanding physics.

Creating a Context
I vividly recall the first time I truly understood the 

process of integration. After studying calculus through 
formal instruction for two years, I was able to complete 

the process of integration quite easily for most prob-
lems presented in class or in the textbook. However, I 
did not truly understand why I would ever need to 
integrate until I used the process.

I am forever grateful for the demonstration 
shown to me late in my second year of studying 
physics. The professor showed the class a circle and 
asked us to find its area; he then placed the circle 
on the end of a Slinky and wrapped it into a circular 
tube, showing us what we were calculating when we 
integrated our circle’s area to create a solenoid. This 
demonstration was not particularly groundbreaking, 
yet integration finally made sense. Never in my 
mathematics courses had I been given such a clear 
explanation. Using mathematics in a science-based 
context offered me a deeper understanding of inte-
gration than I had ever been offered through any 
formalized calculus instruction.

Physics experts use conceptual mathematics and 
mathematical reasoning to predict and explain physi-
cal phenomena (Brahmia 2014); unfortunately, second-
ary physics and mathematics curricula rarely integrate 
these two subjects in such a way. In high school math 
courses, at least those I have experienced, mathemati-
cal concepts are often introduced with few connec-
tions drawn to concrete real-world examples. These 
theoretical introductions can be frustrating for stu-
dents (Freudenthal 1973; Swanson and Williams 
2014). A lack of concrete mathematics instruction 
may also hinder students’ learning. Meaningful, 
context-based mathematics requires students to think 
and is far more beneficial than rote recall (Jones, Jones 
and Vermette 2009). Moreover, using contextual 
mathematics develops better understanding of math-
ematical ideas than does the use of unfamiliar abstrac-
tions (Cohen 1990).

Personally, I was more engaged and more keen to 
learn mathematics when I knew of applications of the 
concepts. For example, I still recall an instructor tell-
ing us about the importance of the radius of a tire in 
its relation to angular speed. He had tires put on his 
truck that had slightly too large a radius and, conse-
quently, his speedometer, which read revolutions and 
not distance travelled, neglected to inform him of his 
true speed; the police, however, were able to tell him 
that true speed when they pulled him over. Whether 
this story was true does not really matter; it was a 
contextual example that illustrated the concept in a 
tangible way, and I still remember the effects of radius 
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on circumference and angular speed today. The need 
for contextual mathematics is also shown in my per-
sonal encounter with real-world integration and the 
solenoid calculations. Teaching mathematics outside 
of the abstract and inside of its useful applications 
showcases the mathematical reasoning required by 
experts in physics.

Contextual mathematics education allows learners 
to access and connect information to real-world scien-
tific concepts. Concept development is enhanced by 
real-world investigations (DeHaan 2005; Mahaffy et al 
2017). As teaching mathematics with physics reflects 
the way both subjects were derived (So 2013), the use 
of investigations in class could help contextualize the 
understanding of both subjects. For example, the con-
cept of decibels as related to sound intensity provides 
an excellent space to explore and explain the rules of 
logarithms in a physically relevant situation. An inves-
tigation on the topic of decibels could use the math-
ematics of logarithms to explore (and visualize) the 
physics of sound intensity. Scientific concepts can be 
better understood by using mathematics to represent 
scientific phenomena (So 2013). Our students need to 
be given contextually relevant opportunities, such as 
investigations of sound intensity, to formulate deep 
physics and mathematical understanding.

There are those who will argue that mathematics 
is taught contextually through word problems. How-
ever, research has shown that students react nega-
tively to mathematics where the real world is simu-
lated through contrived word problems (Usiskin 
1997). Contextual mathematics, as I am urging 
teachers to consider, should not be confused with 
artificial word problems; contextual mathematics is 
rooted in real-world exploration and understanding. 
True real-world investigations drive students to 
search for connections and generalizations to math-
ematics (Burrill 1997). Contextual mathematics can 
provide students with the drive to deepen their 
understanding of physics, but this depth of compre-
hension is not easily achieved through unrealistic 
word problems (as described by Usiskin 1997). Con-
textual mathematics can be used to investigate 
physics and provides more than mere practice of 
mathematical skills through solving a word problem. 
A contextually rich mathematics curriculum, ground-
ed in scientific exploration of the physical world, 
may encourage students to seek and explore con-
nections between physics and mathematics.

Integrating Information
Integration of mathematics and science content is 

key to an understanding of physics-based, contextual 
mathematics. Mathematics, as with other subjects, 
must be taught as coherent material, not in isolated 
pieces (Freudenthal 1973; Schmidt, Houang and Cogan 
2004). I contend that this coherence can be extended 
to physics and mathematics as integrated material 
since the two subjects both emerged from philosophy 
and evolved in parallel; physicists created new math-
ematics as it was needed, and as mathematicians fur-
thered mathematical understandings, physics applied 
those understandings. As an example, two high school 
courses that could be logically combined are senior 
physics and calculus. In this classroom, students would 
learn basic calculus and physics concepts side by side, 
which could promote the unification of the two sub-
jects through exploration.

Combining physics and calculus into one class may 
give students a better comprehension of both subjects. 
As Marrongelle (2004, 260) writes, “Concretizing the 
abstract field of calculus with the use of encounter-able 
physics helps students struggling with math to develop 
useful reasoning skills, and students struggling with 
physics to develop explanation skills.”

As previously discussed, mathematics, particularly 
calculus, may appear abstract if taught in isolation from 
its applications; the concrete nature of high school phys-
ics offers a grounded plane for calculus concepts to be 
developed. According to Sokolowski (2012), mathemat-
ics gains thought-provoking problems from science; I 
think any education in the sciences, such as physics, 
should be thought-provoking. A teacher of combined 
physics and calculus curricula could teach students some 
basic calculus concepts and help them develop an un-
derstanding of the mathematics through applying math-
ematics to solve provocative questions in physics.

For example, in physics, students convert from 
position–time graphs to velocity–time graphs to 
acceleration–time graphs. In my experience, teaching 
these graphs and conversions without calculus is an 
exercise that is both tedious and time-consuming, 
with little gain toward an understanding of the con-
cepts themselves. When I am lucky enough to have a 
class with many students who are enrolled in calculus 
while taking physics, I can extend my lessons from 
the required area and tangent line slope calculations 
to some basic integration and derivative applications. 
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When I can teach these graphical conversions using 
calculus, it is extremely powerful for students, as they 
are able to use calculus and better comprehend what 
the calculations are telling them about movement. 
Unfortunately, also in my experience, when students 
take calculus and physics in separate semesters, de-
spite being taught similar processes in different 
courses, many students fail to make the connection 
between the two subjects. If we fully integrated the 
content from these two courses, calculus concepts 
may appear less abstract while promoting deep ex-
ploration of position, velocity and acceleration in 
kinematics.

Integration of mathematics and physics allows 
teachers to show the deep connections between math-
ematics and physics, which may allow students to 
explore both subjects with more independence. Math-
ematics and physics are entwined; “[mathematics] is 
the soul of science” (“Use of Mathematics in the Sci-
ences” 1852). It is important that we show these two 
subjects as being connected, but it would be even 
better if physics and mathematics were integrated at 
a level that knowledge from one subject informed the 
development of knowledge from the other subject. 
Knowledge of the interconnections of the subjects 
offers students the opportunity to deeply study prob-
lems with more independence (Marrongelle, Black and 
Meredith 2003). If understanding mathematics can 
inform an understanding of physics, and vice versa, 
students may be able to be more independent in their 
exploration of both physics and mathematics. For ex-
ample, if students learned quadratic equations con-
nected with the concept of projectile motion, they may 
become more confident in analyzing projectile motion 
and better able to recognize reasons for learning the 
mathematics of the parabola. In my experience, physics 
students often struggle with the concept of time in the 
mathematics of projectiles, presumably because they 
are analyzing two dimensions simultaneously. If they 
were able to investigate projectile motion using a 
single approach, of quadratic equations, this may en-
able them to better comprehend the relationship be-
tween time and both the x and y dimensions, while 
also giving meaning to quadratic equations and para-
bolic graphs. Students should be exposed to, and ex-
plicitly shown, the interconnectedness of these sub-
jects, as well as given the chance to use the connections 
among integrated curricula to fully explore both phys-
ics and mathematics.

Along with gained independence, combining physics 
and mathematics curricula in secondary school may also 
enhance student enthusiasm for and interest in these 
often difficult subjects. Students must develop the ability 
to interpret abstract mathematics in order to understand 
and solve physics problems (Marrongelle 2004). In the 
rare semesters when I was able to teach some calculus 
in my physics course, or use the quadratic formula to 
solve a particularly sticky projectile problem, I can re-
member those students with a proclivity for science and 
mathematics lighting up. They were learning why they 
had learned those mathematical concepts and delighted 
at the chance to apply their mathematics knowledge. 
Physics provides avenues for students to understand the 
physical world, and mathematics provides avenues for 
students to interpret relationships and patterns found 
in the physical world. Since learners are inspired and 
motivated by integrated curricula and contextual learn-
ing (Frykholm and Glasson 2005; Mahaffy et al 2017), 
understanding physics may serve as an incentive to 
further their mathematical understanding. Learners’ 
desire to interpret the scientific world may provoke 
them to deeply analyze the mathematics required to 
understand the physics.

Finally, while independence and motivation are 
products of integrating curricula, the most powerful 
product is understanding. “Students often drop out of 
science majors because they have not been prepared 
for the level of understanding required in mathematics 
and sciences” (Drew 2011). Perhaps we are losing physics 
majors because, as Brahmia (2014, 37) claims, “students 
are not taught to mathematize in the context of physics, 
even though reasoning in physics is based on a concep-
tual understanding of the mathematics used.” Are stu-
dents prepared to undertake postsecondary physics 
courses without this mathematization? While this is 
troubling, Schwols and Miller (2012) explain that science 
instruction, such as within a physics course, can move 
mathematics learning from lower levels of understand-
ing (such as retrieval, comprehension and analysis) to 
knowledge use, metacognition and beyond. Combining 
secondary school subjects could develop the levels of 
understanding necessary in order to succeed in post-
secondary science, consequently equipping future sci-
ence majors better than our current, separated curricula 
does. Hence, integrating mathematics and physics cur-
ricula is not merely a good idea but imperative for 
deeper understanding and use of physics and mathemat-
ics in our students’ future careers.
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Mathematics Emphasis in Physics 
Courses

Robitaille and Dirks (1982) explain three models 
of mathematics emphasis in curricula: applied math-
ematics, pure mathematics and basic mathematics. 
The integrated mathematics curriculum proposed 
here may appear to align solely with applied math-
ematics; however, according to these authors, “no 
mathematics curriculum would likely be based ex-
clusively on any one of the three models” (p 12). 
Admittedly, teaching mathematics within physics 
focuses significantly on the application of mathemat-
ics, but to apply mathematical concepts requires an 
understanding of pure mathematics (rooted in logic), 
applied mathematics (contextual and with a real-
world focus) and basic mathematics (arising from 
sociological factors, such as the STEM [science, 
technology, engineering and mathematics] move-
ment). Applied mathematics is obviously central to 
the proposed integrated courses of physics and 
mathematics, but these courses would also require 
basic mathematics through the instruction of many 
skills used in the physical world and the showcasing 
of society’s need for mathematics. As one example 
of teaching basic mathematics, a physics teacher 
could incorporate data interpretation exercises in 
which students justify their agreement or disagree-
ment with the use of nuclear technology. But what 
about pure mathematics?

The reader may not see room in this curriculum to 
explore pure mathematics; I disagree. Mathematics 
should be first studied (and conceptualized) in its pure 
form and then applied to physics. Consider the decibels 
activity previously described. The activity is designed to 
promote exploration of the concept of sound intensity 
through application of the mathematics of logarithms. 
However, the logarithmic knowledge needed would be 
best introduced through pure mathematics. After being 
exposed to the abstract ideas of exponential functions 
with mathematical theory, students could investigate 
inverses and develop the logarithm as an inverse func-
tion of the exponential. Finally, the logarithmic nature 
of the decibel scale could be explored through the use 
of scientific conceptual activity using the mathematics 
encountered. This activity may seem like a lengthy pro-
cess merely to learn about the decibel scale, but it offers 
students the why of mathematics within science instead 
of merely the how of mathematics for science.

Can It Be That Easy?
I am proposing that mathematics be taught as a tool 

used to interpret the world but taught contextually in 
secondary courses. The best place to initiate this integra-
tion may be uniting the instruction of secondary math-
ematics and physics courses. Yet while integrating these 
courses seems both intuitive and sound to me, the truth 
is that education is a system with many variables that 
influence any changes; hence, it is important to recognize, 
and highlight, the barriers one may encounter when in-
troducing integrated curricula into this system.

Teaching Two Subjects at Once
With two curriculum documents for two separate 

courses, an integrated mathematics and physics course 
would contain a lot of content to be covered. In Canada, 
we have provincially mandated curricula that we are 
required to teach; this means that teachers cannot 
simply choose to teach those concepts that are easily 
integrated.

Admittedly, if the course selections for integration 
are made properly, there will be an intentional overlap 
of concepts, and a teacher will gain some time in those 
areas. However, other concepts may not be so simple. 
For example, while quadratic functions may nicely 
describe projectile motion in a frictionless system (with 
no wind resistance), we do not live in a frictionless real-
ity. Does the teacher then have to teach component 
analysis anyway to introduce wind resistance? The 
larger question to consider here is, How is a teacher 
to cover those concepts that do not connect as readily 
across the two curricula?

I do not have an answer to this question, but I 
suspect that it will be informed by teachers’ beliefs 
about the subjects being taught. One’s perceptions 
and beliefs influence how one reads a situation or a 
document (Barnes, Bloor and Henry 1996). Hence, 
teachers’ beliefs deeply influence their interpretation 
of curriculum. When it comes to those concepts that 
are not as easily integrated, a teacher will make deci-
sions about how deeply to cover a concept based on 
many factors, including assessment, what the teacher 
feels that the students need to know for the course 
and what will support the students in their future 
learning. Should a teacher take on the task of integrat-
ing two established courses, there will be some difficult 
pedagogical choices to be made in order to ensure that 
both curriculum documents are satisfied.
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Fluency in Both Subjects
Another aspect to consider is the fluency of the 

teacher in both subjects, as well as the teacher’s ori-
entation and emphasis in both subjects. I am lucky to 
be well versed in both mathematics and physics; hence, 
teaching a course integrating the two subjects seems 
intuitive to me. This is not the case for all teachers, 
and lack of fluency can deeply affect how content is 
portrayed.

For example, Saskatchewan no longer offers chem-
istry and physics as separate courses at the Grade 11 
level; these courses have been replaced by one Physical 
Sciences 20 course. However, Physical Sciences 20 is 
taught by a single instructor. According to a colleague, 
who is versed in both chemistry and physics and who 
is substitute teaching in Saskatchewan schools, it is 
usually a chemistry-focused person who is teaching 
this course, and the physics content is often taught as 
disconnected activities. Students in one course were 
examining wave motion as it is applied to light and 
sound, but they had no instruction in wave motion as 
a concept on its own. They were struggling with what 
they were seeing in their labs without this background. 
My colleague spent some time explaining waves and 
wave motion to students, at a very basic level, and they 
were then able to better understand the activity. Not 
all students have access to an instructor versed in both 
subjects, particularly in integrated courses. If this is 
the case, the instructor may focus more on the quality 
of instruction in one subject over another. If one sub-
ject is focused on and the other is neglected, is this 
really an integrated course?

Unfortunately, because of curricular and time con-
straints, as well as the fact that not all teachers are 
versed in mathematics, teachers are forced to limit the 
integration of mathematics with their courses to only 
what is necessary. If teachers were prepared to fully 
integrate mathematics, our students may finally reach 
the goal of “seeing the world with math” (Hung 1997, 
312). Yet teaching mathematics requires an awareness 
of what mathematics encompasses (Freudenthal 1973; 
Robitaille and Dirks 1982).

Most preservice teacher programs require prospec-
tive secondary teachers to declare a major and a minor. 
Preservice teachers are then versed in instruction in 
their major and minor through courses in these sub-
jects, as well as courses in the instruction of these 
subjects. This system prepares teachers to be well 

versed enough to potentially integrate two subject 
streams, but the subject streams are unique to each 
teacher. Hence, while it is feasible for me to integrate 
physics and mathematics, it may be feasible for another 
teacher to integrate history and mathematics, based 
on his or her education.

Perhaps the decision about which courses to inte-
grate would be most appropriately made at the school 
level, rather than at the provincial level, based on the 
personnel to which a school has access. Hence, while 
I am proposing that mathematics be integrated with 
all subjects at some point, this may require changes to 
the way in which we prepare our preservice teachers. 
All teachers would need to be fluent in mathematics 
and the nature of mathematics instruction to success-
fully integrate mathematics with courses across the 
curriculum. This is no small undertaking.

Inertia and Educational Change
A mentor of mine often says, “There is an inertia 

required for any educational change.” He means that 
there is a tendency to teach the same and to avoid 
change until enough change has occurred to get things 
moving. This would be the same for any teacher imple-
menting an integrated course.

For example, five years ago I proposed a combined 
physics and calculus course in my school. While this 
integrated course excited many students, many opted 
to take the traditional offerings of these courses. Some 
reasons given for choosing the traditional offerings were 
as follows: “I thought it would be hard having both 
classes together,” “I’m not sure I can handle both classes” 
and “I may want to drop one but not the other.” Students 
had trouble seeing the benefits of integrated courses, 
such as fewer assignments with more depth and having 
a single teacher communicate both subjects. The tradi-
tional was safe, so the courses remained unchanged. 
However, two years later, in the wake of the rise of in-
terdisciplinary education discussions, a combined 
course of Science 10 and Mathematics 10 was created 
at the school. The school also now offers a media studies 
course that integrates Media Studies 20, English 20 and 
History 20. The force to begin the acceleration of an 
integrated courses movement began with my course 
introduction, and with some inertial change, integrated 
courses made their way into the school.

Educational change is not easy or quick, especially 
when it comes from the teachers within the system 
(Fullan 2016). Teachers will run into bureaucratic 
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systems, student excuses, refuge in the traditional 
and challenge from the opposition. A recent example 
of this difficulty is the new mathematics curriculum 
in western Canada. While research shows that stu-
dents develop deeper understanding of mathematics 
through exploration, there are those who call for a 
return to rote mathematics (Vashchyshyn and Chernoff 
2017). However, despite this outcry against the new 
mathematics, I saw a significant increase in physics 
understanding from students who studied the new 
mathematics curriculum. The new curriculum, in my 
opinion, does a better job of teaching students to 
conceptualize mathematics, a skill vital to success in 
physics (Brahmia 2014). Students are better able to 
apply mathematical reasoning and interpret physical 
relationships. I cannot empirically claim that it is the 
new curriculum that has taught these skills, but I have 
noticed a difference.

Hence, for those who want to integrate courses, to 
introduce change into a system with long-standing 
tradition, it may be a long and difficult road, but it also 
may provide immense rewards in terms of student 
understanding.

Concluding Thoughts
Mathematics is a deeply philosophical subject with 

many interpretations, but to some, the true purpose of 
mathematics education lies in its application, including 
its application to science, particularly physics. Physics 
provides a grounded and contextual foundation for the 
instruction and exploration of mathematics. Through 
this contextual foundation, learners can easily manoeu-
vre between the fraternal realms of physics and math-
ematics. Mathematical knowledge should be integrated 
with conceptual understandings of physics, as well as 
other subjects, not taught as a separate tool. If concepts 
are successfully integrated, mathematics moves from 
procedural knowledge to comprehension.

I propose that we begin integrating mathematics 
instruction with our physics courses by offering two 
existing courses in parallel, as in the example provided 
of senior physics and calculus. Mathematics and physics 
have evolved as subjects together; perhaps we should 
redesign our secondary courses to better reveal and 
make use of the interconnectedness of these subjects. 
One way to achieve this is the integration of mathemat-
ics and physics courses in secondary schools.

Note
1. Of course, science cannot be the only subject to integrate 

mathematics concepts. While this article proposes that we 
integrate mathematics courses with science, this would also 
mean integrating various aspects of mathematics with other 
subjects.
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Abstract
This case study employed phenomenographic 

methods to investigate K–12 teachers’ perspectives 
on cultural diversity in their science and mathematics 
classrooms in western Canada. The investigation in-
volved individual teacher interviews and informal 
observations of teachers’ classrooms. The data corpus 
was analyzed using critical and transformative multi-
cultural education perspectives, complemented with 
the notion of culturally responsive teaching. The key 
findings included teachers’ recognition that cultural 
diversity is both a strength and a challenge and their 
experiences of confronting gendered cultural prac-
tices. These findings illustrate the complexities 
involved in teaching science and mathematics to 
culturally diverse students. Therefore, this study 
highlights the need for increased teacher support to 
promote (trans-multi)cultural understandings that 
could facilitate culturally diverse students’ learning 
of science and mathematics in diversity-rich elemen-
tary and secondary classrooms in Canada.

This article reports on teachers’ perspectives on 
cultural diversity in their science and mathematics 
classrooms and the challenges they have experienced 
with regard to gendered cultural practices.

The study draws from a larger case study conducted 
in a large urban city in western Canada. The key focus 
of the larger qualitative inquiry was to investigate 
teachers’ perspectives on the effect of students’ cul-
tural diversity on their science and mathematics teach-
ing.1 It also explored teachers’ perspectives on and 
understandings about culturally responsive teaching 
as a viable strategy for teaching science and mathemat-
ics in diversity-rich classrooms.

My interest in this research stems from my own 
experiences as a student, teacher and teacher educa-
tor in multiple cultural contexts, including India, 
Micronesia and Canada. My passion for understanding 
and responding to students’ cultural diversity is driven 
by my experiences of witnessing many culturally di-
verse students feeling deprived and alienated in 
classrooms where science and mathematics were 
taught as neutral, fact-based bodies of knowledge 
(Raisinghani 2016). Therefore, in my teaching and 
research, I am committed to finding ways to help 
teachers create responsive educational experiences 
for culturally diverse students in their science and 
mathematics classrooms.

The terms culture and cultural diversity can be 
interpreted in different ways in different socio- 
political-cultural contexts. I perceive culture as a 
dynamic, complex, learned way of life, which con-
tinually evolves as one interacts with others (Bhabha 
1994; Goodenough 1976). It is simultaneously con-
structed by and contributes to the construction of 
temporal politics and the distribution of social 
power in society (Banks 2010; Bhabha 1994). Culture 
comprises patterns of behaviour, values, beliefs, at-
titudes, modes of thinking and meaning making, 
customs, traditions and heritages, as well as other 
aspects of one’s identity, experiences, perspectives 
and mode of being (Gay 2013). Cultural diversity is 
an encompassing aspect of one’s cultural identity, 
which is influenced by but is not limited to one’s 
designation of race and ethnicity, religious affilia-
tion, family structure, home and community back-
ground, socioeconomic status, languages, values, 
norms, gender, sexual orientation, learning styles, 
exceptionalities, and other associated special needs 
and characteristics (Horowitz, Darling-Hammond 
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and Bransford 2005; Lee 2010). Hence, I consider 
students’ cultural diversity to include all the cultural 
experiences diverse students bring into schools. I 
recognize that cultural diversity and classroom prac-
tices for responding to cultural diversity are continu-
ally evolving even as I write this article.

I view teachers’ perspectives as the world views or 
paradigms through which they see their world and 
make sense of it (Kuhn 1970). Perspectives inform one’s 
thoughts and actions and, at the same time, are in-
formed by one’s understanding of one’s world and how 
one gives meaning to it (Danesh 2011). Therefore, I 
acknowledge that the participating teachers’ perspec-
tives in this study were informed by their varied experi-
ences in teaching science and mathematics to students 
of diverse cultural backgrounds in the contexts of their 
own cultural-diversity-rich classrooms. Additionally, 
their perspectives were shaped by their beliefs about 
teaching, science and mathematics, cultural diversity, 
and culturally responsive teaching.

Furthermore, considering the qualitative nature of 
this case study, I am aware of the complexities and 
associated power dynamics inherent in my engagement 
in this research as an insider/outsider. As Merriam et 
al (2001, 411) note, “The insider’s strengths become 
an outsider’s weaknesses and vice-versa.” I had certain 
privileges, as well as limitations, while engaging with 
the teachers in this research. My more than 14 years 
of experience as a science teacher and a teacher educa-
tor, as well as my involvement as a parent in the school-
ing of my two daughters, who were students at the 
participating elementary and secondary schools, gave 
me the privilege of being an insider in this research. 
However, my involvement in doctoral studies (as well 
as teaching at a large research university in Canada), 
my upbringing as a heterosexual female, my prior edu-
cational experiences in India, my following of the Hindu 
religion and its vegetarian diet (and, thus, being unable 
to join teachers in their lunch), and my perceived status 
as a visible minority and an English as a second lan-
guage (ESL) learner in Canadian educational settings 
made me an outsider in this research.

In this article, I focus on only one of the key themes 
that emerged from the larger case study and share 
teachers’ perspectives on students’ cultural diversity 
and the challenges they experienced with regard to 
gendered cultural practices in their science and math-
ematics classrooms. I first discuss the background, 
rationale and theoretical framework of the study. I then 

briefly share the methodology and methods. Next, I 
present the findings, which are followed by the discus-
sion. I conclude by sharing the implications of the 
findings, as well as the limitations of this study.

Background, Rationale and 
Theoretical Framework

The presence of more than 200 ethnic groups, with 
immigrants accounting for 20.6 per cent of the Cana-
dian population, makes cultural diversity a central 
characteristic of life in Canada and multicultural educa-
tion an essential requirement in Canadian classrooms 
(Freiler et al 2012; Statistics Canada 2013). Student 
populations are increasingly becoming culturally di-
verse in urban centres across Canada, and many teach-
ers have identified dealing with cultural diversity as a 
key challenge in their classrooms (Canadian Teachers’ 
Federation 2012). According to social capital theorist 
Putnam (2007), ethnocultural diversity reduces social 
solidarity as it produces fear and prevents people from 
associating with others. Hence, it is not surprising that 
student diversity produces significant concern among 
Canadian teachers, who find themselves in need of 
acquiring highly specific skills to address and manage 
diversity in their classrooms (Allan 2012).

Almost five decades after the nation’s multicultural-
ism policy was established in 1971, the issues of edu-
cational equity and equality remain unresolved in 
Canada (Ghosh and Abdi 2013; Ghosh and Galczynski 
2014). For instance, Aboriginal people raise concerns 
that the policy has ignored Canada’s Indigenous popu-
lation,2 as it does not recognize their historical relation-
ship with the land and their inherent treaty rights 
(Battiste 2009; Kovach 2009; Smith 2012), while the 
province of Quebec, in spite of the recognition of 
French as an official language, criticizes an “equalizing 
multiculturalism” for francophones’ lost cultural hege-
mony (Moodley 1999, 140). Some European ethnics, 
especially Ukrainians, have questioned the success of 
a policy promoting cultural preservation without lin-
guistic preservation (Moodley 1995). The increasing 
number of immigrants from visible minorities adds 
another dimension to Canadian multiculturalism and 
demands critical scrutiny of multiculturalism in the 
current Canadian context (Fleras 2009; Ghosh and 
Galczynski 2014). Rather than demanding a critical 
examination of dominant discourses that deeply 
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influence school and classroom culture, this apolitical 
view of multicultural education neglects multiplicity 
of identities, presents culture as a static artifact and 
emphasizes difference (Ghosh and Abdi 2013).

Because it emphasizes knowing the Other only 
through “celebration” (Kirova 2008, 107) in the form 
of “holidays and heroes” (Nieto 1995, 196) and the four 
Ds—dialect, “dress, dance, diet” (Levin 2009, 124), 
such multicultural education is disconnected from the 
lives of students, teachers and the community (Nieto 
2000, 9). The racism that can be embedded in schools 
(Ghosh 2008) perpetuates standardized whiteness as 
the norm and subjugates other cultures as inferior or 
primitive (Giroux 2001, 2005; hooks 1994). As a result, 
schools are increasingly becoming sites of isolation 
and social injustice because they are poorly equipped 
to deal with existing student diversity (Berry 2013; 
Levine-Rasky 2006; Zine 2006).

The lack of federal control over education and the 
absence of meaningful key directions has resulted in 
various manifestations of multicultural education 
across Canadian provinces, which often fail to ensure 
just and equitable multicultural education (Kirova 
2008). As noted by Ghosh and Abdi (2013, 45), the 
clause for education in the 1971 multiculturalism policy 
is vague, as it “ignores ethnic, racial and socio- 
economic differences, depoliticizes culture, and legiti-
mizes a Eurocentric view of the world.” Stripped of 
their political content, both multicultural and intercul-
tural education programs, as practised in anglophone 
and francophone parts of Canada, continue to repro-
duce dominant Eurocentric culture. Even though these 
programs are transitioning from accommodation to 
integration of Other(ed) cultural ways of knowing, the 
education in Canada is “still based on unequal relations 
between the anglophones and the allophones, and the 
francophones and the allophones” (p 137). For exam-
ple, by framing Canadian national identity within the 
English–French bilingual language discourse, this 
multicultural policy officializes English and/or French 
as the sole mode of instruction in Canadian classrooms 
and, thereby, disenfranchises Other(ed) cultural lan-
guages and ways of knowing (Henry 2017). Complicat-
ing the notions of culture and cultural diversity in 
Canada, these contested interpretations of multicul-
turalism and multicultural education, along with the 
increasing diversity of the country, make it more im-
perative for teachers to be well prepared to serve their 
culturally diverse student populations.

Indeed, substantial efforts are needed to provide 
ongoing professional development and support to help 
prepare teachers to deal with the complexity of  
socio-political-cultural dynamics inherent in today’s 
diversity-rich classrooms. Traditionally, few teacher 
education programs prepared teachers to teach ef-
fectively in diversity-rich classrooms (Cornbleth 2008; 
Ladson-Billings 2001; Obidah and Teel 2001; Teel and 
Obidah 2008). Tremendous ambiguity about multicul-
tural education and how it should look in teacher edu-
cation programs has resulted in theoretical, fragmented 
and contested discourse of multicultural education, 
which addresses diversity in a “tokenistic” way (Gill 
and Chalmers 2007, 552). Many of these programs have 
historically been suffused in deficit-based theories, 
which promote negative assumptions about diverse 
student populations by classifying students from non-
dominant groups as genetically or culturally inferior 
(Bennett 2012; Egbo 2009; Nieto 2000). An unfortunate 
consequence of such teacher training is reflected in 
teachers’ standardized norms of classroom participa-
tion and mainstream expectations, which are often 
incompatible with students’ cultural understandings 
(Ghosh and Galczynski 2014; Lee 2001).

According to Howe (2014), while the core of teacher 
education programs in Canada has remained unaltered, 
a lot has changed in recent years. There has been a re-
cent surge in adapting teacher education programs in 
North America to have a greater focus on diversity and 
multicultural education in their coursework for preser-
vice teachers (Van Nuland 2011). However, how effec-
tively such understandings are implicated in teaching 
practices has yet to be explored fully (Kahn,  
Lindstrom and Murray 2014). Moreover, while provincial 
governments usually provide financial support for 
teacher training, these supports are often provided at 
the graduate level (Darling-Hammond 2017). I wonder 
how many teachers get the opportunity to pursue gradu-
ate studies. Of the ten teacher participants in this study, 
only two had a master’s degree in education.

One could argue that Canadian teachers have many 
opportunities for ongoing professional training, but 
increasing student diversity, along with shrinking bud-
gets and the implementation of specific curricular 
initiatives without appropriate teacher support, puts 
teachers under increasing pressure to “make do with 
less while achieving more” (Howe 2014, 597). This is 
evident in the concerns of many British Columbia teach-
ers, who feel overwhelmed and unprepared to 
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integrate Aboriginal knowledges as per the redesigned 
British Columbia curriculum (Arnold 2018; British  
Columbia Teachers’ Federation 2017).3 Previous studies 
in other Canadian provinces, such as Manitoba and 
Saskatchewan (Kanu 2011), suggest that these situa-
tions are illustrative of quandaries faced by teachers 
in the wider Canadian context.

Despite the initiatives that have attempted to ad-
vance the indigenization and decolonization of cur-
riculum in various Canadian provinces (Aikenhead 
2006; Aikenhead and Elliott 2010; Aikenhead and 
Michell 2011; Nicol, Archibald and Baker 2010, 2013; 
Snively and Corsiglia 2001; Snively and Williams 2006), 
teachers have been largely unsuccessful in transforming 
the traditional curricular and pedagogical strategies of 
teaching science and mathematics into inclusive prac-
tices that are culturally responsive (Egbo 2009; Ghosh 
and Galczynski 2014; Kanu 2011). Consequently, stu-
dents may not see any relevance in learning these 
subjects. Cultural conflicts between school science and 
mathematics and students’ perceptions of these sub-
jects may lead to student disengagement and even 
affect students’ attitudes about pursuing further educa-
tion and future careers in these areas (Bishop 1994; 
Ezeife 2002, 2003; Snively and Williams 2016).

Science in particular has continued to develop and 
perpetuate “scientific racism” (Hodson 1999, 230) by 
legitimizing discrimination and institutional injustices 
through stereotypical and prejudiced attitudes toward 
minority groups (Ghosh and Galczynski 2014). Since 
the 17th century, Eurocentric science, or Western 
modern science (WMS), has had a monopoly on what 
is legitimated as scientific knowledge and whose 
knowledge gets known (Aikenhead and Elliott 2010; 
Ezeife 2002). Claiming to be a neutral, or value-free, 
intellectual activity, WMS continues to generate West-
ern colonial perspectives and, thereby, to devalue and 
disrespect the “cultural capital” (Giroux 2001, 239) and 
“funds of knowledge” (Nashon and Anderson 2013, 
403) of many culturally diverse students (Ahlquist and 
Kailin 2003; Raisinghani 2016). An example of this can 
be seen in contemporary classrooms, where science is 
often taught as Eurocentric canonical knowledge de-
void of any cultural connections (Aikenhead and Elliott 
2010; Brown and Crippen 2017).

A significant consequence of such acultural prac-
tices is reflected in the continued low enrolment of 
Aboriginal students in higher-level science and math-
ematics courses in high school, and their subsequent 

low participation in related postsecondary programs 
and careers in Canada (British Columbia Ministry of 
Education 2016; Kim 2017; Snively and Williams 2006). 
According to Kim (2017), science remains “inaccessible 
and culturally irrelevant for most of the aboriginal 
students” in Canadian classrooms. Moreover, in many 
sociocultural contexts, WMS is continually translated 
and taught as a gendered practice of “white male sci-
ence,” which further contributes to discriminatory 
injustices toward minority groups (Snively and Corsiglia 
2001, 9).

Research demonstrates that teachers’ beliefs and 
attitudes about student diversity, as well as about 
specific subject areas, are inherently interlinked with 
their pedagogical practices and classroom environ-
ments (Gay 2010a, 2013; Kahn, Lindstrom and Murray 
2014). Considering the important role teachers play in 
shaping the learning experiences of their students 
(Brown and Crippen 2017; Gay 2003), investigating 
teachers’ perspectives in cultural-diversity-rich science 
and mathematics classrooms has been the key focus 
of this research.

Various studies have investigated teachers’ perspec-
tives on cultural diversity and culturally responsive 
teaching in different contexts (Atwater et al 2010; Daniel 
2016; Howe 2014; Kahn, Lindstrom and Murray 2014; 
McGee 2014; Nieto 2003, 2005; Obidah and Teel 2001; 
Rasmussen and Bayer 2014; Sleeter 2001, 2008; Sleeter 
and Cornbleth 2011; Teel and Obidah 2008). However, 
most of these studies have focused on preservice teach-
ers, and very few studies have reported on inservice 
teachers’ perspectives and culturally responsive teaching 
in urban Canadian contexts (Henry 2017). More  
Canadian-based research is needed because there is a 
strong American influence on Canadian teacher educa-
tion research and practice (Van Nuland 2011).

Hence, to add to this knowledge base, this study 
employed critical and transformational multicultural 
education perspectives (Keating 2007; Nieto 2000), as 
well as Gay’s (2010b) notion of culturally responsive 
teaching, to investigate teachers’ perspectives. To give 
authenticity and ownership of learning to culturally 
diverse learners, there is a need for comprehensive 
societal and educational change that can help eliminate 
the social, political and economic inequalities rampant 
in society at large (Gay 2010b; Ghosh and Abdi 2013; 
Nieto 2001). Critical multicultural education is one 
attempt to bring such changes by ensuring equity and 
excellence for all learners (Ghosh and Galczynski 2014; 
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May and Sleeter 2010). As a “mirror image” of critical 
pedagogy (Nieto 2000, 317), critical multicultural edu-
cation questions these notions of “white supremacy” 
(Gillborn 2005, 490–92) and serves as a form of resis-
tance to oppression, which is inherent in dominant 
modes of schooling (Nieto and Bode 2010). It empha-
sizes a structural analysis of institutionalized inequities 
by situating culture in the context of unequal power 
relations inherent in everyday lived interactions, and 
examining how these power relations contribute to-
ward the dynamic evolution of culture and “a fluidity 
of identity depending on context” (Sleeter 2012, 572).

The connectionist approach of transformational 
multiculturalism takes these understandings further 
(Keating 2007). By exploring the reciprocal, uneven 
movements by which people, traditions and cultural 
knowledge are altered through their complicated in-
teractions with each other, transformational multicul-
turalism recognizes that “[Canadian] culture has always 
been multicultural” (p 15). Translated into classroom 
instruction, transformational multiculturalism attempts 
to bring change through recursive transcultural dia-
logues that initiate individual self-reflection and com-
munal communications that do not ignore the differ-
ences. These dialogues generate complex commonalities 
among differences to destabilize the rigid binary 
boundaries that divide us as Us/Others based on race, 
culture, ethnicity, gender, class, sexual identity,  
re(li)gion, (dis)ability and exceptionalities (Keating 
2007).

Emphasizing that culture plays an important role 
in how students receive and interpret knowledge, 
culturally responsive teaching serves as a “power 
pedagogy” (Gay 2010b, 8). By recognizing students’ 
cultural diversity as a strength and incorporating it into 
daily teaching, culturally responsive teaching validates 
cultural ways of knowing and makes learning relevant 
and meaningful for diverse students. The core elements 
of culturally responsive teaching—namely, the cultural 
knowledge base of teachers, cultural relevance, cultural 
caring and building a learning community, cross-cultural 
communications, and cultural congruity in classroom 
instruction—allow teachers to understand the dynam-
ics of culture and diversity (Gay 2010b). Operational-
izing these core elements in the contexts of their 
classrooms and communities may help teachers in 
promoting equity and excellence for all students, who 
are increasingly becoming culturally, ethnically, socially 
and linguistically diverse.

Methodology and Methods
This qualitative case study (Stake 1995) employed 

a purposeful sampling technique (Merriam 1998) to 
recruit 10 teachers who were all involved in teaching 
science or mathematics to elementary and secondary 
students during the 2014/15 school year.

The teachers’ self-reported teaching experience 
ranged from 5 to 30 years and their ages from 25 to 
65 years. Out of these teachers, six were teaching at 
the elementary level, and the remaining four were 
secondary teachers. Seven of the teachers self-identified 
as female (four elementary and three secondary teach-
ers), and the other three self-identified as male (two 
elementary and one secondary teacher). All the teach-
ers had a bachelor’s degree in education and provincial 
certification for teaching in British Columbia public 
schools. Among the elementary teachers, two female 
teachers also had a master’s degree in education, and 
one male teacher had a diploma in education. Eight of 
the teachers acknowledged their white, Canadian 
identity. One of the remaining two teachers self-
identified as an Indo-Canadian born in Canada, and the 
other teacher self-identified as a Chinese Canadian who 
immigrated to Canada in the early 2000s.

The average number of students in the elementary 
classrooms was 24–30, whereas all the secondary class-
rooms had 28–30 students. The teachers reported that 
students in their classrooms represented at least 10–12 
nationalities, and more than half of those students spoke 
English as a second language. They reported that the 
socioeconomic status of their students varied, as some 
came from highly influential families who owned houses 
in the schools’ neighbourhoods while many others were 
children of parents who were themselves students, 
studying at the nearby university.

Data for this study were collected by phenomeno-
graphic methods, primarily semistructured interviews 
with the teachers and field notes collected during in-
formal classroom observations. The teachers were all 
interviewed twice—before and after four informal 
observations of their science and mathematics class-
rooms. The specific days for interviews and observa-
tions were determined based on each teacher’s avail-
ability and preference.

The collected data were analyzed by transcribing 
recorded interviews and field notes to generate thick 
descriptions and identify emergent themes by review-
ing transcripts for meaning units, and by examining 
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the similarities and differences between teachers’ 
experiences of cultural diversity (Collier-Reed and 
Ingerman 2013; Miles and Huberman 1994). Phenom-
enography acknowledges that a phenomenon can be 
experienced in a variety of ways and that people might 
make sense of the same phenomenon in distinctly 
different ways (Marton 1981, 1986). Using a phenom-
enographic approach allowed me to get the unique 
perspectives of these teachers, who might have ex-
perienced differently the phenomena of cultural di-
versity in the specific contexts of their own science 
and mathematics classrooms.

Findings
During their interviews, the participating teachers 

identified student cultural diversity as both a strength 
and a challenge.4 They acknowledged that cultural 
diversity helped them in promoting all students’ learn-
ing in their science and mathematics classrooms and 
broadened their own cultural understanding. They 
also identified gendered cultural practices as a key 
challenge they experienced in their cultural- 
diversity-rich classrooms.

Cultural Diversity Enables Collaborative 
Student Learning and Reflective 
Teaching

The teachers shared that they used students’ di-
verse cultural backgrounds to invite multiple ways of 
knowing in their classrooms. They also considered 
students’ cultural diversity as a criterion while forming 
student groups, as well as for enabling collaborative 
peer learning, in their science and mathematics class-
rooms. Many of them recognized cultural diversity as 
a “gift,” as exhibited in John’s statement:

Having the diverse [student] population I feel can 
make the classroom a lot more exciting, but . . . 
sometimes the conversations we have [are] not all 
physics. . . . I do have people sharing their own 
experiences of culture. . . . Part of teaching in a 
classroom [is] to realize that you are not just teach-
ing a subject; you are teaching a group of students 
who have lots of experiences to share . . . of learning 
in a different culture. . . . Cultural diversity is a gift, 
and sometimes you can find the correlations and 
links between [students’] cultural experiences and 
what you are teaching. (John, interview session 1)

John’s efforts to acknowledge the cultural knowl-
edges and ways of knowing of diverse students were 
also evident in his day-to-day teaching, as noted dur-
ing my informal observations of his classroom. Fol-
lowing is a vignette of what I observed in one of his 
physics classes:

After a brief greeting and collection of upcoming 
field trip forms, John asked students to begin 
working on their assigned experiments (which, I 
noticed, were related with series and parallel 
circuits, conservation of momentum and Archime-
des’ principle). The students started working in 
groups of four or five (it seems that the groups 
were preformed). John walked around and asked 
students probing questions and answered their 
questions if they had any.

As he walked to the student group working on 
Archimedes’ principle, he noticed that the students 
had eliminated their first reading while doing calcula-
tions. He said, “I learned something new! Can you 
tell me the reason why you did not want to use your 
first reading?” He listened carefully to their respons-
es and asked them further questions to guide their 
thinking but did not directly point out that they were 
mistakenly committing a procedural error.

Later, during the five-minute brief follow-up as 
the class finished, I asked John why, rather than 
pointing out to the students their mistake directly, 
he had spent more time in getting them to come 
to realize it. And he said that he wants to acknowl-
edge students’ prior understandings.

“Sometimes, I just watch and wait to see why the 
students have performed this action. I want the 
students to explain the reason to me. They might 
have learned something differently in their culture, 
in their country previously or might have abstract 
ideas that they are not able to turn into concrete 
things. So, I often also try to group the students 
based on their abilities. The brightest students might 
not be apt in using hands-on, and there are students 
who are skilled in performing the practical tasks of 
the lab but struggle in connecting these with the 
abstract ideas.” (field notes, John’s Physics 11 class)

Thus, in addition to acknowledging students’ prior cul-
tural understandings in his teaching, John also tried to 
respond to student diversity by identifying the strengths 
of individual students and using those strengths to sup-
port their own and their peers’ learning.
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Similarly, Ashley shared how the different learning 
experiences of students from diverse cultural back-
grounds helped promote collaborative learning in her 
Chemistry 11 classroom:

Because you know all these different countries that 
the kids are coming from, their schooling is very 
different as far as what they are learning at different 
grade levels. So often in a class you’d get, for ex-
ample, [the] kids who really excel in math so then 
when you are in chemistry and you are doing sort of 
like the math-focused part of chemistry, that’s where 
those kids can now become helpers to other kids in 
class who haven’t done that kind of math yet. So 
that’s where the kids can start helping each other, 
because they had experiences of learning things at 
a different time. (Ashley, interview session 2)

In the same vein, Callum expressed how having 
culturally diverse students in his combined Grade 3/4 
classroom had broadened his cultural understandings 
and helped him in not making stereotypical or general-
ized assumptions about other cultures:

I see cultural diversity is a positive thing because it 
helps you to question things or challenge things. It’s 
just easy to make assumptions about things when 
everybody thinks the same way. . . . When you see 
the kids in Asia all learning times tables in Grade 2, 
it makes you understand that it’s not a hardship and 
it’s very helpful. In every culture there is good and 
bad, and it helps you. If you only grew up in one 
culture, then you don’t [understand other cultural 
perspectives]. It’s very easy to just make assumptions 
and not understand. Assumptions like that’s how it’s 
done or that’s the only right way or that’s the best 
way of doing it. (Callum, interview session 2, part 2)

Experiences of Confronting Gendered 
Cultural Practices

In contrast to the above instances, the teachers also 
shared situations where they found themselves chal-
lenged and their teaching practices questioned because 
of the diverse cultural backgrounds of their students. 
A key challenge experienced by these teachers was 
gendered cultural practices.

The perspectives shared by the participating teach-
ers indicated how they had to deal with the gendered 
cultural practices brought into their science and math-
ematics classrooms by culturally diverse students. An 

example of such an experience was shared by Louise, 
who felt her authority as a teacher frequently ques-
tioned by a male student in her combined kindergarten 
and Grade 1 classroom:

I am sensitive to gender as well. You know, I am 
not using phrases like “boys and girls” and, you 
know, making those differences so . . . . There is 
this student and his sister in my class. . . . I have 
seen [their] parents; they treat him like a “prince” 
(making a hand gesture to indicate that the word 
prince is in quotation marks). When they come to 
pick [up] their children after school, I have seen 
[them] always letting him take the front seat, and 
the sister never gets a chance. [In the classroom] 
I had to correct and tell this student, “I am your 
teacher here, and I am telling you that you are 
going to finish cleaning up your desk. You used 
colours to draw animals [in your science work-
sheet]. You have to do your part, not your sister.” 
(Louise, interview session 1)

According to Louise, this male student expected his 
sister to clean up after him in the classroom because 
that was most likely what was encouraged in his home 
environment. Louise felt that this male student disre-
garded her instructions and did not respect her posi-
tion as teacher, solely because she was female.

A situation encountered by Callum was much more 
complex. This teacher shared his dilemma of being in 
a difficult situation in which he had to teach a female 
student whose parents did not want her to be in a male 
teacher’s classroom:

I have one girl in my classroom, and her parents 
they never told me that it’s culture. . . . They were 
upset that [their daughter] had a man teacher, and 
it’s even worse if I touch. You know, when they solve 
a [math] problem, you just give a pat on their shoul-
der. And it’s a way of having a positive contact with 
the kids. . . . But this girl had a taboo. She was al-
ways quiet, so I went near her desk and put my 
hand on her shoulder like this (demonstrating the 
placement of his hand) and asked if she need[ed] my 
help. And I touch kids sometimes in this way, right? 
I wish they had told me at the beginning of the year, 
so I would have known. The dad told me a couple 
of months earlier that they never wanted their 
daughter to be placed in a male teacher’s classroom. 
. . . I [then] let her work alone. (Callum, interview 
session 1)
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Meera, who taught at the secondary level, also 
experienced gendered cultural practices in her Grade 9 
science classroom. One of her female students shared 
that she felt neglected and rejected in her home be-
cause, culturally, her family preferred male children. 
The following excerpt from Meera’s interview relates 
what happened:

We are learning about human embryology, artificial 
reproductive technologies and genetics. [The stu-
dents] are very interested, and they want to know 
about all the different types of prenatal testing and 
. . ., you know, what if people are choosing not to 
have girls instead of boys? . . . One student in my 
class told [us during the class discussion that] her 
grandparents don’t like her because she was a girl 
and her parents don’t have any other kids, and they 
are always complaining about her being a girl and 
not being [a boy,] not keeping their family name. 
So that was something interesting that she told me. 
(Meera, interview session 2)

Discussion
As evident in the findings, teachers described the 

cultural diversity of their student populations as both 
a strength and a challenge. The teachers also shared 
challenges associated with gendered cultural practices 
in their science and mathematics classrooms.

Interestingly, addressing the issue of cultural diver-
sity has been an exclusive goal of multicultural educa-
tion in Canada (Joshee et al 2016). By 2031, foreign-
born people will make up 25–28 per cent of the total 
population, and more than 55 per cent of the people 
living in large cities in Canada will be either immigrants 
or Canadian-born children of immigrants (Morency, 
Malenfant and MacIsaac 2017). Canada’s increasing 
ethnocultural diversity makes it imperative for teachers 
to be well prepared to serve their culturally diverse 
student populations.

Since the publication of Rosenthal and Jacobson’s 
(1968, 1992) classic study Pygmalion in the Classroom, 
an extensive body of research has indicated that teach-
ers can develop differential expectations of their stu-
dents, which may lead to differential treatment  
(McKown and Weinstein 2002). Research suggests that 
teachers’ beliefs and attitudes about various dimen-
sions of their students’ cultural diversity greatly influ-
ence their instructional behaviours and students’ 

achievements (Gay 2010a; Rubie-Davies, Hattie and 
Hamilton 2006). Thus, the participating teachers’ iden-
tification of cultural diversity as a strength and a chal-
lenge in this study has implications for their teaching 
and for their culturally diverse students’ learning.

Students’ ethnicity, race, socioeconomic status and 
gender, as well as their work habits and confidence (as 
perceived by teachers), serve as key variables that 
shape teachers’ expectations regarding the intellectual 
performance of these students (Timmermans, de Boer 
and van der Werf 2016). Often translated into students’ 
perception, appraisal and confirmation in the form of 
their classroom behaviours and achievements, these 
differing teacher expectations and treatments can dif-
ferentially affect the members of different student 
groups and aggravate the achievement gaps for stu-
dents from different cultural backgrounds by favouring 
dominant groups (Hughes, Gleason and Zhang 2005; 
McKown and Weinstein 2002). Hence, it is encouraging 
that the perspectives of most of the teachers in this 
study indicated that they held high expectations for 
all their students, regardless of cultural background. 
The teachers valued cultural diversity as a gift and 
acknowledged that having culturally diverse students 
in their classrooms created more opportunities for 
them to make learning science and mathematics more 
exciting.

The immigrant status of students is another key 
variable that affects teacher–student interactions. 
When it comes to nonimmigrant students, teachers 
tend to hold high expectations for students of higher 
socioeconomic status. Conversely, teachers’ expecta-
tions of immigrant students seem to be low, regardless 
of socioeconomic status. This differing teacher expec-
tation makes it harder for immigrant students to show 
their abilities and receive adequate encouragement 
and support from teachers (Tobisch and Dresel 2017). 
However, this did not seem to be the case in this study. 
The perspectives of the participating teachers indicated 
that although they were aware of the immigrant sta-
tuses and socioeconomic statuses of their students, 
these factors did not influence their teaching practices 
in their science and mathematics classrooms. As evi-
dent in the excerpts from the interviews with John and 
Ashley, these teachers seemed to be more inclined to 
acknowledge and consider the diversity of the prior 
learning experiences their culturally diverse students 
brought into their classrooms. The actions of these 
teachers, as indicated in the findings, demonstrated 
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their willingness to broaden their cultural knowledge 
base and build cultural congruence in their science and 
mathematics classrooms, which are two of the core 
elements of culturally responsive teaching (Gay 2002, 
2010b).

Additionally, the teachers strove to include cultural 
relevance, another core element of culturally respon-
sive teaching, by connecting the learning of specific 
science and mathematics concepts with the diverse 
cultural experiences students brought with them. As 
reflected in the teachers’ perspectives, having culturally 
diverse students with varied prior learning experiences 
helped the teachers create diverse collaborative learn-
ing groups in their science and mathematics class-
rooms. The teachers’ efforts to recognize and value 
their diverse students’ strengths and use those 
strengths to support students’ learning reflected their 
cultural caring and respect for students’ diversity (Nieto 
2000; Nieto and Bode 2010). By creating opportunities 
for their students to work in strength-focused collab-
orative groups, these teachers tried to create com-
munal learning spaces that were conducive for promot-
ing learning among students from diverse cultural 
backgrounds (Gay 2010b). Facilitating students’ learn-
ing in collaborative group settings may also enable 
transcultural dialogues that allow diverse students to 
see the connections among their differences (Keating 
2007).

According to Gay (2003), the journey to become a 
culturally responsive educator begins by acknowledg-
ing one’s own biases. As evident in the excerpt from 
Callum’s interview, the participating teachers in this 
study were reflective about their own biases and ste-
reotypical understandings. Their acknowledgement 
that having culturally diverse students in their class-
rooms helped them broaden their own cultural under-
standings demonstrated their critical consciousness, 
cultural sensibility, and personal and professional 
self-awareness (Gay 2010b).

However, it is important to mention that these were 
self-reported attitudes. As noted by van den Bergh et 
al (2010), there is no correlation between teachers’ 
self-reported prejudiced attitude measures and their 
expectations and the achievements of culturally diverse 
students. The authors were able to explain the differing 
academic achievement of culturally diverse students 
through implicit measures of teachers’ prejudice as 
manifested through their expectations. Thus, in spite 
of a self-reported awareness of their prejudices and 

biases, the teachers in this study may still have held 
implicit biases, which could be associated with the 
challenges of the gendered cultural practices they 
experienced in their diversity-rich classrooms.

Issues related to gendered social roles and gen-
dered perceptions of identity resulting in differing 
teacher–student relationships and student achieve-
ment have been studied previously (Else-Quest, Mineo 
and Higgins 2013; Grant and Sleeter 2010; Riley 2014; 
Robinson-Cimpian et al 2014). The complexities inher-
ent in differing cultural expectations regarding gen-
dered social roles and expectations based on the 
gendered identities of culturally diverse students 
posed challenges for the teachers in their science and 
mathematics classrooms. As evident in the excerpt 
from Louise’s interview, the participating teachers 
faced situations in which they had to correct the 
behaviour of male students in their classrooms and 
remind them that they had “to do [their] part” and 
not expect their sisters or other female students to 
clean up after them. Louise reported that because she 
was female, it was harder for her to maintain her 
authority as a teacher in her combined kindergarten 
and Grade 1 classroom. As postulated by Louise, this 
could have been because the students were from 
male-dominant cultures in which they had seen 
women and girls considered and treated as inferior 
in the home environment.

In other instances, it was the male teacher whose 
authority was questioned. In Callum’s case, parents of 
a certain cultural background did not want their daugh-
ter to be taught by a male teacher. The specific incident 
Callum shared involved the issue of touch. Even though 
he tried to defend his placing his hand on the student’s 
shoulder as his usual manner of encouraging students 
during his teaching, the situation was complex. Physical 
contact of any form between people of opposite gen-
ders (other than certain family members) is considered 
to involve sexual intentions in many cultures and is, 
therefore, socially unacceptable or even forbidden 
(Borkhetaria 2017; Shadia 2013). Moreover, in many 
societal contexts, the teacher is positioned as a “pow-
erful agent of an oppressive bourgeois educational 
system and the children as oppressed innocents” 
(Phelan 1997, 79), and educational settings are singled 
out as possible spaces where child abuse is more likely 
to happen. Hence, often teachers are socially burdened 
with (re)defining their interactions with students to 
qualify certain actions as “appropriate and legitimate 
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touching” (Johnson 1997, 109). Gendered cultural and 
social norms breed “moral panic” among teachers and 
force many teachers to adopt a “no touch” policy to 
avoid legal situations (p 106).

In this case, the teacher, Callum, retracted from 
having any one-on-one interactions with the student 
and decided to let her work on her math alone. Even 
though the student did not say anything directly to the 
teacher, the teacher’s disconnection from the student 
(and the student’s culture) was evident in his statement, 
“But this girl had a taboo. . . . I wish they had told me 
at the beginning of the year.” The teacher’s compliance 
with the parents’ request and his subsequent abandon-
ment of the student are problematic. One may see this 
strategy as the teacher’s reluctance to support this 
student’s learning in his mathematics classroom. This 
is unfortunate, as it may lead to differing teacher ex-
pectations, which, in turn, can negatively influence 
student interest and achievement in mathematics. 
Research suggests that students from academically 
stigmatized groups, including students from certain 
culturally diverse backgrounds, as well as girls, are 
more likely to be responsive to negative teacher ex-
pectations (McKown and Weinstein 2002).

Considering that, in this case, the teacher was a 
male teacher, one may wonder if the same concern 
would have been raised by the parents if the child 
were a boy and were tapped on the shoulder by a 
female teacher. This particular case also draws atten-
tion to the vulnerability and disempowerment of 
teachers, especially male and/or homosexual teachers, 
who often find themselves objects of suspicious 
gazes, parental distrust and threats of litigation be-
cause they are more likely to be perceived as being 
sexually dangerous to students (Tobin 1997). As 
mentioned previously, this threat of legal implications 
has forced teachers in many contexts to embrace a 
“no touch” policy (Johnson 1997). While such a policy 
may protect teachers from legal suits, the total ab-
sence of touch may affect the development of trusting 
adult–child relationships and “caring encounters” in 
the classroom, because tactile communication has 
been identified as a critical stimulation for healthy 
child development (Johnson 1997; Muir 2002).

Moreover, questioning the actions of male teach-
ers indicates the social reality that the ethics of care 
is predominantly considered to have arisen from 
women’s experiences (Noddings 1984), thus indicat-
ing that men in education have yet to establish their 

role as carers. According to Noddings (2012), care 
ethics is relational and evolves in the reciprocal ac-
ceptance and acknowledgement of an “act of care” 
between the “carer” and the “cared-for.” Caring alone 
does not merit the role of carer, as caring relations 
are not established when the cared-for does not rec-
ognize and accept the caring given by the carer. 
Hence, in Callum’s case, even though he attempted 
to justify his tapping a female student on the shoulder 
as an act of displaying his care, the absence of ac-
knowledgement by the student and her parents of 
this touch as a caring attitude led to a discomfiting 
situation for the teacher and the student.

In the same vein, relational caring was absent in 
Louise’s and Meera’s actions. In her efforts to ensure 
gender equity by correcting the behaviour of her male 
student, Louise neglected to consider that her repri-
mands may have resulted in the student’s disengage-
ment. Many culturally diverse male students may not 
even understand how the same behaviours that are 
accepted and promoted in the home could put them 
at risk in the classroom. Similarly, while leading the 
discussion on prenatal testing in her Grade 9 science 
classroom, Meera failed to acknowledge and respond 
to the feelings of the female student who shared her 
story of being disliked by her grandparents because 
she was a girl. Meera considered the student’s experi-
ence “interesting,” but she did not use this opportunity 
to raise critical consciousness among her students 
about gender inequalities.

In such situations, should teachers just be atten-
tive listeners, or should they do something more to 
support and build the self-esteem of their victimized 
students? Meera maintained her focus on discussing 
the science content and ignored the emotional experi-
ences that were central to making the learning mean-
ingful and relevant for students, as well as crucial for 
guiding their thinking toward the social injustices 
associated with gender inequity in many cultural 
contexts. The role of emotions in teaching, particu-
larly in integrating social justice aspects, requires 
greater attention, as emotions influence how teachers 
communicate and empathize with their students in 
the teaching environment (Zembylas and McGlynn 
2012). Discussing issues related to gender and sexual 
identity and to gender roles is difficult for teachers 
(Reygan and Francis 2015). For example, teachers are 
often unprepared to challenge bullying related to 
homophobia. They often avoid such issues because 
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of experiencing negative emotions while discussing 
non-normative sexual and gender identities. More-
over, they may themselves hold gendered cultural 
beliefs, and unconsciously and unreflexively perpetu-
ate heterosexism and homophobia in the classroom. 
By physically and pedagogically distancing themselves 
from students who hold non-normative identities, 
and by discouraging discussions about diverse sexu-
alities and genders in their classrooms, teachers may 
be engaged in teaching a hidden curriculum that 
dehumanizes and marginalizes non-normative identi-
ties (Reygan and Francis 2015).

Conclusion
The findings in this study indicate that while teach-

ing science and mathematics in their cultural-diversity-
rich elementary and secondary classrooms, these Ca-
nadian teachers attempted to invite students’ cultural 
understandings and used those understandings in 
making these subjects comprehensible to their stu-
dents. In addition, the teachers encountered many 
other complexities that culturally diverse students 
brought into their classrooms in the form of gendered 
cultural practices. In these situations, the teachers 
remained distanced and largely unresponsive in terms 
of their emotions, attitudes and beliefs regarding the 
diversity of gender roles and gendered cultural experi-
ences of their culturally diverse students.

These findings call for promoting (trans-multi)cul-
tural understandings among teachers (Raisinghani 
2016). This could be done by supporting teachers in 
advancing their understandings of culturally responsive 
teaching, especially with regard to including social 
justice aspects in their science and mathematics teach-
ing and responding to the gender (and sexual) diversity, 
gendered cultural identities and intersecting lived 
sociocultural experiences of their culturally diverse 
students. Further research exploring culturally diverse 
students’ perspectives on their science and mathemat-
ics classrooms could provide another dimension in 
understanding the phenomena of cultural diversity and 
culturally responsive teaching.

While these findings are bounded by the specific 
contexts, temporal space and particularity of this case 
study, they may offer insights for teachers in other 
Canadian and international contexts that value multi-
cultural and intercultural understandings. They may 
inform a framework for integrating (trans-multi)cultural 

education perspectives in teacher education and teach-
ers’ professional development programs on a consistent 
and strategic basis. These findings may also guide future 
research to further explore phenomena of cultural di-
versity and culturally responsive teaching in other dis-
ciplinary and socio-political-cultural contexts.

Notes
1. All participating teachers in this study were involved in 

teaching science or mathematics at the elementary and second-
ary levels in two public schools in a large urban city in western 
Canada during the 2014/15 school year.

2. Following Battiste (2009), the term Aboriginal in this 
article refers to all Indigenous peoples of Canada, including 
First Nations, Inuit and Métis.

3. The participating teachers in this study also shared their 
concerns regarding inappropriate support and inadequate re-
sources for successful integration of Aboriginal knowledges. 
This finding has been discussed in detail in another article.

4. The names of all participating teachers are pseudonyms.
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Abstract
This article describes the DRiVe (demonstrate, 

replicate, investigate, variate, evaluate) Inquiry Frame-
work, which provides teachers with specific detailed 
strategies and graphic organizers to support them in 
developing their science inquiry practices and in shift-
ing to more open-ended science inquiry. Designed by 
teachers for teachers, the DRiVe Inquiry Framework 
has been implemented extensively in classrooms across 
Canada. This article takes readers through the details 
of using the framework in a Grade 7/8 combined class 
in which students tested pop bottle water filters. The 
part of the activity this article focuses on used the fol-
lowing science practices: asking questions; planning 
and carrying out investigations; analyzing and inter-
preting data; using mathematics and computational 
thinking; constructing explanations; engaging in argu-
ment from evidence; and obtaining, evaluating and 
communicating information.

Introduction from Ms A
In classrooms across Canada for the past decade or 

more, within the confines of big ideas in each content 
area of science, teachers have been encouraged to 
support their students in engaging in practices of 
scientific inquiry and engineering that are more open-
ended (Alberta Education 1996; British Columbia 
Ministry of Education 2013; Ontario Ministry of Educa-
tion 2007). The aim is to encourage students to work 
collaboratively to develop their own questions and 
potential solutions to problems, to conduct scientific 
investigations or technological trials, and to come up 
with answers or solutions they can defend (Council of 
Ministers of Education, Canada 2013).

However, it was not until 2011 that I (Ms A) began 
implementing opportunities for my students to engage 
in this more open-ended style of scientific inquiry and 
technological problem solving (Bybee 2011), with my 

Grade 7/8 combined class. We had always done lots of 
hands-on science and technology, but I had used a 
teacher-directed or confirmation style (Bell, Smetana 
and Binns 2005). In other words, I chose the question 
to be investigated or the technological problem to be 
solved, I gave the students the procedure to follow, 
and the students worked to come up with an answer 
or a solution that I already knew.

My concern about moving to a more open-ended 
style for hands-on activities was that I could not see how 
to implement it successfully with my students. I worked 
at a school where students had many problems to deal 
with in real life. I could see that most of them had not 
yet developed the kind of work skills they would need 
in order to make use of the opportunities for indepen-
dent learning that the more open-ended style promoted. 
I could not see how to manage the transition to the 
more open-ended style without creating a free-for-all 
that could result in unsafe situations.

In 2011, I signed up for a series of professional devel-
opment workshops offered by science curriculum coor-
dinators in my school district. It was this workshop series 
that turned my classroom practice around. Workshop 
participants were provided with concrete guidelines, 
strategies and graphic organizers that we could use with 
our classes. We took four workshops together over a 
period of three months. Through a process of practice, 
trial and error, and discussion, we learned how to organize 
and guide our classes toward the more open-ended style 
of science investigation and technological problem solv-
ing that we were aiming for. I have written this article 
along with the curriculum coordinators who ran the 
workshops and supported me in the classroom, as well 
as with a researcher who observed my classes, so that I 
can pass along some of this learning.

In this article, we describe how teachers can use 
the materials from the workshops (framework, strate-
gies and graphic organizers) to move their classes from 
confirmation to more open-ended science inquiry. The 
framework has been developed from an earlier version 
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(Pardo and Parker 2010) and is now called the DRiVe 
Inquiry Framework. Here, we share a specific example 
from my Grade 7/8 class in which my students con-
structed pop bottle water filters as part of a unit on 
water. The part of the activity we will focus on used 
the following science practices:

•	 asking questions;
•	 planning and carrying out investigations;
•	 analyzing and interpreting data;
•	 using mathematics and computational thinking;
•	 constructing explanations;
•	 engaging in argument from evidence; and
•	 obtaining, evaluating and communicating 

information.

The DRiVe Inquiry Framework
DRiVe is an acronym that incorporates the following 

phases of inquiry:

•	 D stands for demonstrate. This phase allows the 
teacher to demonstrate a procedure, so that stu-
dents acquire the practical skills, tools and safe 
practices that are important for the particular activ-
ity in the specific area of science or technology that 
is the focus.

•	 R stands for replicate. In this phase, students repro-
duce the teacher’s demonstration in an attempt to 
confirm the teacher’s results.

•	 i stands for investigate. The lowercase i denotes that 
this phase can happen anywhere in the DRiVe se-
quence, depending on the needs of the students. 
The teacher provides access to resources for stu-
dents to build their background knowledge of the 
essential concepts and skills at just the right time.

•	 V stands for variate. In this phase, students develop 
testable questions that are the jumping-off point 
for their own investigations that stem from the 
teacher’s demonstration.

•	 e stands for evaluate. The lowercase e denotes that 
evaluation takes place throughout with formative 
assessment for learning. The final product of the 
activities is evaluated as summative assessment 
of learning.

Table 1 outlines the phases of the DRiVe Inquiry 
Framework.

The Inquiry Activity
Demonstrate Phase

In the demonstrate phase, Ms A builds the pop 
bottle water filter. First, she takes a retort stand and 
fixes a ring in place. After cutting a pop bottle in half, 
she places the top of the bottle upside down in the 
ring. She then adds a coffee filter. She measures out 
the required amounts of clean sand and stones and 
adds them in order. She places a beaker beneath the 

Description Inquiry level

Demonstrate (D) Teacher models investigation behaviour and the desired outcome, 
and specifies the task (diagnostic assessment)

Replicate (R) Students reproduce the teacher’s investigation to verify skills or 
to accomplish the task (diagnostic—formative assessment)

Confirmation

Investigate (i) Teachers and students gain further knowledge they might need 
(formative assessment)

Variate (V) Students investigate a testable question they developed 
(formative assessment)

Open

Evaluate (e) Formative assessment for learning—teacher, peer and self—in all 
preceding activities
Summative assessment of learning—using criteria for success

Table 1. Phases of the DRiVe Inquiry Framework
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open end of the bottle and pours tap water through 
the bottle. Finally, she pours in the pond water to be 
cleaned. The water passes through the filter and col-
lects in the beaker.

During this demonstration, students take notes and 
ask clarification questions. Here is an example of a 
student’s question and the teacher’s response:

Student. What’s one of those . . . ? What’s that called 
again?

Ms A. What’s which called? (Points to stand.) This part? 
(Points to ring.) Or this part?

Student. The circle part.
Ms A. This is called a ring. OK?

In the second part of the demonstrate phase, Ms A 
prompts the students to look at their notes and tell 
her what they have observed her doing and what hap-
pened to the pond water that she poured through the 
filter. She writes each step that students tell her on a 
separate sticky note—pink for what the scientist did 
and green for what happened to the pond water. She 
attaches the sticky notes to Poster 1 (see Figure 1).

Below is an example of an exchange between Ms A 
and a student about what she (the scientist) did:
Ms A. And then what did I do? After I touched the retort 

stand, what did I have to do?
Student. Put in the ring clamp. I added a ring clamp 

good (writing this step on a pink sticky note and at-
taching it to the poster).
As the class goes through this recounting, students 

make any changes they need to their notes so that by the 
end they have a procedure to follow for the replicate phase.

Replicate Phase
Ms A introduces the replicate phase of the pop 

bottle water filter activity as follows:

Ms A. I now have a control. This is what mine looks like 
(holding up the filtered water sample). My challenge to you 
is to make a filter that produces this.
In the replicate phase, students work in pairs, using 

their notes as their procedure and replicating step by 
step and as closely as possible what Ms A did in the 
demonstrate phase when she built her pop bottle water 
filter. When they have their filters built, they pour in 
the pond water sample and collect the filtered water.

Ms A asks students to place their samples under 
the document reader so that everyone can see all the 
samples together. As a whole class, they discuss what 
aspect of the samples they can measure to compare 

them. A student suggests arranging the samples accord-
ing to colour, and the class does so. Ms A then introduces 
the class to the concept of turbidity and explains that it 
can be measured using a turbidity probe.

Investigate Phase
Ms A arranges for Mr P, a science curriculum coor-

dinator, to come to her class with a turbidity probe 
and demonstrate how to use it. Ms A and Mr P support 
students in learning to use the turbidity probe to mea-
sure the turbidity of their filtered water samples. Here 
is an example of Mr P sharing his expertise:

Mr P. So when you handle the sample holder, handle 
it by the lid. OK? Now where’s the . . . ? See the 
little arrow? See the little arrow thing? The white 
arrow? You have to line that arrow up with this 
arrow.

Variate Phase
The class decides on turbidity of the water as the 

dependent variable that they will measure. On a green 
sticky note (colour consistent with Poster 1), Ms A 
writes, “What will happen to the turbidity of the wa-
ter?” She places the sticky note on the brain graphic 
on Poster 2 (see Figure 2).

Figure 1. Poster 1, with students’ observations on sticky 
notes.
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The class looks at the pink sticky notes on Poster 1 
for variables in the pop bottle water filter that could 
affect the turbidity of the water. On pink sticky notes, 
Ms A writes every idea the students provide and at-
taches them to Poster 2.

She takes from Poster 2 the green sticky note with 
“Turbidity of water” and places it on Poster  3 (see 
Figure 3) at the head of the fishbone organizer, in the 
DV (dependent variable) position. Then, from Poster 2, 
she chooses one variable (number of coffee filters) to 
change and moves that pink sticky note to the IV (in-
dependent variable) position on the fishbone, to the 
left of the DV, on Poster 3. Then, she moves all remain-
ing variables written on pink sticky notes to the CV 

(controlled variables) positions on the spines of the 
fishbone. Then, she phrases the testable question: “If 
I change the number of coffee filters, what will happen 
to the turbidity of the water?”

Next, in pairs, students choose a variable to change 
and design their own experiment. In all cases, their DV 
is the turbidity of the water. After the following intro-
duction from Ms A, the students go on to perform their 
experiments, collect their filtered water samples and 
measure the turbidity:

Ms A. Remember, what is your question, what is the 
one thing you are going to change? Remember, you 
need to keep everything else exactly the same. You 
know where the equipment is, so you can begin.
After they have completed their experiments, the 

students add their turbidity results to the class chart, and 
the class looks at all the results together to find out the 
impact of each variable on the turbidity of the water.

Evaluate Phase
In Ms A’s class, many students have writing chal-

lenges. Ms A has designed a foldable that can be used 
as part of the evaluation process, along with the notes 
she has collected. On the foldable, students can pri-
vately write their predictions, reasoning, findings and 
explanations. Ms A uses the success criteria shown in 
Appendix A to evaluate students’ work on their 
foldables.

Conclusion from Ms A
I have used the DRiVe Inquiry Framework in my 

classroom since 2011. I find that my students are 
more engaged, and over the school year they de-
velop their ability to use the practices of science 
to conduct more open-ended science investiga-
tions. What I particularly like is how the DRiVe 
approach scaffolds me and the students as we 
gradually shift from the confirmation style they are 
familiar with to the more open-ended style of sci-
ence inquiry we are aiming for.

This model has provided my students with a voice, 
they see themselves as scientists, and they have be-
come more confident in their academic abilities all 
around. As they become more confident, they demand 
more from themselves and their peers. This model 
has changed the way I think about teaching and how 
my students feel about learning.

Figure 2. Poster 2, with students’ ideas on sticky notes.

Figure 3. Poster 3, with students’ ideas on sticky notes.



ASEJ, Volume 45, Number 3, September 2018	 33

Appendix A: Success Criteria for 
Summative Evaluation

Success Criteria and Feedback—Lab 
Report

Success Criteria
What are the features of an effective lab report?

Introduction
	 I have clearly stated my prediction (“If . . . , then . . .  .”)
	 I have logical and reasonable support for my 

prediction.
	 I have included personal connections and back-

ground knowledge to support my prediction.
	 I have used research (theories, models, insights) to 

support my prediction.

Methods
	 I decided on evidence to collect and measurements 

to collect.
	 I have outlined plans to test my prediction.
	 I have outlined procedures to manipulate and con-

trol my variables.

Results
	 I have collected and recorded my measurements in 

a clear and organized way.
	 I have recorded additional observations using mea-

surements and senses.
	 I have collected and displayed my observations in 

a clear and organized way.

Discussion
	 I have outlined trends shown in my data.
	 I have made connections to scientific concepts in 

my explanations.
	 I have compared my observations to my prediction.
	 I have a valid conclusion based on my data.
	 My conclusion relates to my question.
	 I have evaluated my procedure and identified ex-

perimental errors.

Overall
	 I have organized my reasons in my explanations.
	 I have used appropriate scientific vocabulary.
	 I have used clearly labelled diagrams that clarify my 

thinking.

Self-Reflection
Analyze your lab report using criteria.
Two things I did well:
___________________________________________

___________________________________________

___________________________________________

___________________________________________

Something to think about for my next inquiry:
___________________________________________

___________________________________________

___________________________________________

___________________________________________

Teacher Feedback
Use the success criteria to provide feedback about two things 
done well and one suggestion for improvement.
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Abstract
Elementary science instruction in Alberta predomi-

nantly follows a generalist model. Many elementary 
science teachers lack science content knowledge, as 
well as interest and confidence in teaching science. 
Current teacher education programs in Alberta focus 
on developing generalist elementary teachers, and 
preparation for science teaching is not a strong aspect 
of those programs. Moreover, professional develop-
ment activities for elementary science teachers have 
less focus on science instruction. This raises serious 
concerns for the development of elementary teachers’ 
pedagogical content knowledge (PCK) for teaching 
science. To address these concerns, this article pro-
poses a model for preservice and inservice teacher 
education, which is anticipated to help preservice el-
ementary teachers develop PCK-readiness, which will 
in turn lead to their accelerated acquisition of experi-
ential science PCK as practising elementary teachers.

Gess-Newsome (1999a) outlines five delivery mod-
els for elementary science instruction: classroom 
generalists, classroom science specialists, science sup-
port teams, departmentalization within grade levels 
and science specialists. Alberta elementary schools 
tend to follow a classroom generalist model for deliver-
ing science instruction, as illustrated by the report 
Elementary Science Education in Alberta Schools (Rowell 
and Ebbers 2004), which highlights that most elemen-
tary teachers have not studied pure science (64 per 
cent) or applied science (89 per cent) at the postsec-
ondary level. This raises the possibility that many el-
ementary teachers have limited science content 
knowledge. Another issue identified in the report is 
the fact that elementary teachers usually teach science 

to their homeroom class only, and just one out of five 
teachers teaches science to two or three classes. This 
indicates the possibility of a lack of confidence when 
teaching science. Though Alberta Education recom-
mends five to twenty hours of professional develop-
ment for elementary teachers, the report shows that 
most elementary teachers are not satisfied with the 
PD provided to them for teaching science, and this 
view has been consistent over the last 20 years. Alberta 
elementary science teachers see specific pedagogical 
suggestions or activities for immediate use in the 
classroom, especially from experienced classroom 
teachers, as being the most effective PD.

Effective elementary teachers need to have suffi-
cient pedagogical content knowledge (PCK) for teach-
ing science. Shulman (1986, 1987) identified the idea 
of PCK while studying development and use of teacher 
knowledge, and he considered PCK to be an integration 
of many aspects of knowledge at the intersection of 
content and pedagogy. Later research on PCK proved 
the usefulness of the idea for teacher education. Most 
reform documents on teacher education recommend 
that PCK should be a goal of any teacher preparation 
program.

Rowell and Ebbers’s (2004) report on science educa-
tion in Alberta elementary schools shows that elemen-
tary teacher education programs produce generalist 
elementary teachers and are, thus, not successful in 
achieving the goal of developing PCK in science con-
tent. This is sometimes because a single teacher educa-
tion course aims to address the needs in all curriculum 
areas. In such a program, very little time is allotted to 
learning how to teach science. To fully implement the 
Alberta elementary science program of studies, science 
specialists are required in Alberta elementary schools; 
hence, teacher education programs for elementary 

Development of Science Pedagogical 
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Elementary Teacher Education in Alberta
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science specialists need to be designed. In the absence 
of such programs, we must use the limited time avail-
able in existing generalist elementary teacher educa-
tion programs to help teachers develop PCK for science 
teaching, or at least develop “PCK-readiness” (Smithey 
2008, 2), so that they can develop further experiential 
science PCK. Moreover, as mentioned above, inservice 
PD activities are not contributing to the goal of devel-
oping science PCK. This provides some evidence that 
science instruction in Alberta elementary schools is 
not in very good shape.

This article aims to formulate essential processes 
in existing generalist elementary teacher education 
programs to focus on developing science PCK. To serve 
this purpose, I propose a model that can help develop 
science PCK-readiness in a short time. This model can 
be extended to a PD program based on the same prin-
ciples, with a focus on science content and pedagogy, 
for helping inservice elementary teachers develop their 
science PCK. This article provides a conceptual frame-
work for the design of elementary science education 
courses or PD workshops.

PCK for Teaching Elementary 
Science

Teaching is a highly complex cognitive activity that 
involves deeply understanding the content and that is 
highly dependent on the context. To unpack this con-
ceptual and contextual complexity, Shulman (1986) 
studied the phenomenon of teaching and teacher 
knowledge to offer a professional knowledge base for 
teaching. To reduce this complexity, he proposed a 
model to represent a knowledge base for teaching 
consisting of seven hypothetical domains of teacher 
knowledge:

•	 content knowledge,
•	 general pedagogical knowledge,
•	 pedagogical content knowledge,
•	 knowledge of students,
•	 knowledge of curriculum,
•	 knowledge of goals and
•	 knowledge of educational context.

His model helps not only to look into teacher cognition 
but also to strengthen the status of teaching as a pro-
fession by introducing a special domain of teacher 
knowledge—pedagogical content knowledge. Shulman 
defined pedagogical content knowledge as “the most 

useful forms of [content] representation . . ., the most 
powerful analogies, illustrations, examples, explana-
tions, and demonstrations—in a word, the ways of 
representing and formulating the subject [matter] that 
make it comprehensible to others” (p 9).

After Shulman introduced the concept of profes-
sional knowledge for teachers and coined the term 
pedagogical content knowledge, PCK became a popular 
construct, and substantive research has been done in 
the last three decades to study teachers’ knowledge 
and their pedagogical reasoning during an act of 
teaching. Since the introduction of the idea, the defi-
nition of PCK has evolved with disciplines, subject 
areas and grade levels. Scholars in the area of science 
education have expanded on the definition of PCK to 
include additional teacher knowledge categories 
(Abell 2008; Azam 2015; Grossman 1989; Lee and Luft 
2008; Loughran et al 2001; Magnusson, Krajcik and 
Borko 1999; Marks 1990; Park and Oliver 2008; Tamir 
1988) and offered multiple visual representations of 
PCK, most popularly called PCK models. In a special 
issue of the International Journal of Science Education 
(Berry, Loughran and van Driel 2008), Abell (2008) 
asserted that PCK has finally achieved some common 
characteristics. Researchers seem to agree that PCK 
includes discrete categories of knowledge that are 
applied synergistically to the problem of practice. It 
is also generally accepted that PCK is dynamic and 
not static, that content (science subject matter) is 
central to PCK, and that PCK involves the transforma-
tion of other types of knowledge. A line of research 
to study or measure the PCK of science teachers has 
focused on topic-specific PCK, but a lack of consensus 
still prevails as to whether PCK is topic-specific knowl-
edge or not. The latest discussions on science PCK, 
as a result of the PCK Summit in 2012, are more likely 
to acknowledge the topic specificity of science PCK 
(Kind 2015).

PCK Development and Preservice 
Science Teachers

The PCK construct has been used to study, measure 
and document teacher knowledge. Much of the re-
search on science PCK involves studying the develop-
ment of the PCK of teachers in preservice and inservice 
teacher education programs. There has been particular 
interest in knowing how science teachers develop sci-
ence PCK and use it to teach certain topics in science; 
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thus, the research is mainly topic specific. This research 
shows that developing science PCK is a challenging and 
slow process.

Regarding the development of the science PCK of 
preservice teachers, divergent views exist. One view 
purports that it is difficult for preservice teachers to 
develop science PCK because they lack teaching experi-
ence, which is described as a central characteristic of 
PCK development (van Driel, De Jong and Verloop 2002; 
van Driel, Verloop and de Vos 1998), whereas the  
second view suggests the likelihood of preservice 
teachers’ PCK development (Davis and Petish 2005; 
Zembal-Saul, Blumenfeld and Krajcik 2000).

For preservice elementary teachers, Smithey (2008, 
2) introduced a new concept, “PCK-readiness,” at the 
border of these divergent views, which “put[s] [preservice 
teachers] in a good position to develop rich usable PCK 
once they have more experience in the classroom” (p ix).

Based on this idea of PCK-readiness, this article 
argues that if opportunities are provided in a preservice 
teacher education program, specifically through sci-
ence methods courses, preservice teachers can develop 
some PCK or PCK-readiness for further development 
of science PCK.

PCK Development and Preservice 
Elementary Teachers

Research shows that PCK may vary for different 
subject areas, topic areas and grade levels. So, the PCK 
of an elementary science teacher may differ from that 
of a secondary science teacher (Appleton 2006). The 
process of developing the science PCK of an elementary 
teacher may also be different based on the fact that 
elementary science teachers are predominantly gener-
alists and not specialists in science. The nature of el-
ementary teacher education programs may also have 
a lot to do with the process of developing science PCK. 
This raises interesting questions: How can we define 
the PCK of elementary teachers? How do elementary 
teachers develop PCK? What kind of teacher education 
program design can help with developing better sci-
ence PCK?

The scarce body of research on PCK conducted 
in the context of elementary science education pro-
vides some answers to these questions. Appleton 
(2003) identifies PCK as an important aspect of el-
ementary teachers’ professional knowledge of sci-
ence teaching, which influences their confidence in 

teaching science. He defines science PCK for elemen-
tary teachers as

the knowledge that the teacher uses to construct 
and implement a science learning experience or 
series of science learning experiences. . . . It in-
cludes versions of science content appropriate 
to the students concerned and ways of making 
that content understandable—not just in terms 
of analogies and examples to use in explanations, 
but also in the types of learning experiences in 
which students should engage and in the se-
quence in which these should occur. (Appleton 
2006, 35)

He further describes the nature of the science PCK of 
elementary teachers as “a dynamic form of knowing 
that is constantly expanding and being transformed 
from other forms of teacher knowledge, and through 
the experiences of planning, implementing and evaluat-
ing science teaching and learning” (p 35).

Representations of Science PCK: 
PCK Models

The literature on pedagogical content knowledge 
offers many different models for representing the PCK 
of teachers. These models are “proposed as conceptual 
tools to identify and discriminate among hypothesized 
constructs and represent inferred relationships among 
constructs” (Gess-Newsome 1999b, 3). Popular models 
have been developed by Magnussun, Krajcik and Borko 
(1999), Gess-Newsome (1999b) and Abell (2008). Apple-
ton (2006) exclusively developed a model to represent 
the science PCK of experienced elementary teachers.

One aim of any science teacher education program 
is to help preservice teachers develop science PCK; 
however, this is a daunting task when it comes to el-
ementary teachers. Therefore, I hoped to examine the 
development of science PCK for preservice elementary 
teachers, as a possible framework for elementary sci-
ence teacher education programs in Alberta. This 
model is informed by the existing PCK models sug-
gested by Gess-Newsome (1999b), Loughran and col-
leagues (Loughran, Berry and Mulhall 2006; Loughran 
et al 2001; Loughran, Mulhall and Berry 2004) and 
Appleton (2006). Here, I will describe these models 
briefly and discuss how they inform the current inquiry 
to propose a model for elementary teacher education 
in Alberta to develop science PCK-readiness.
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Gess-Newsome’s Model: Transformative 
Versus Integrative PCK

Gess-Newsome (1999b, 10) offers two models for 
the development of PCK: an integrative model and a 
transformative model. These models illustrate ex-
tremes on a continuum in the development of PCK.

At one end, PCK does not exist as a discrete entity, 
and teacher knowledge can be most readily explained 
by the intersection of three constructs: subject matter, 
pedagogy and context. Teaching, then, is the act of 
integrating knowledge across these three domains, 
and a successful teacher is believed to have mastery 
in these three domains of teacher knowledge, so that 
they are readily available for use whenever required. 
Gess-Newsome calls this an integrative model.

At the other extreme, PCK is the synthesis of all the 
knowledge needed to be an effective teacher. In this 
case, PCK is the transformation of subject matter 
knowledge, pedagogical knowledge and contextual 
knowledge into a unique form—the only form of 
knowledge that has an impact on teaching practice. 
She calls this a transformative model.

Gess-Newsome uses the analogies of mixture and 
compound to explain the models. Integrative knowl-
edge is like a chemical mixture, in which the individual 
elements are mixed but remain chemically distinct and 
can be separated. On the other hand, transformative 
PCK is like a compound, in which individual elements 
are combined and cannot be separated.

Gess-Newsome discusses how the integrative and 
transformative models of teacher knowledge differ 
with regard to knowledge domains, the concept of the 
expert teacher, and implications for teacher education 
and research.

She claims that, according to the integrative 
model, “the knowledge of subject matter, pedagogy, 
and context are developed separately and integrated 
in the act of teaching” (p 13), and each domain of 
knowledge should be well structured and easily ac-
cessible. On the other hand, according to the trans-
formative model, “knowledge of subject matter, 
pedagogy, and context, whether developed separately 
or integratively, are transformed into PCK, the knowl-
edge base used for teaching” (p 13), and PCK is well 
structured and easily accessible.

Gess-Newsome explains the teaching expertise for 
the two models, and she maintains that according to 
the integrative model, expert teachers are capable of 

integrating knowledge domains actively for each topic 
taught, while according to the transformative model, 
expert teachers possess PCK for all topics to be 
taught.

Regarding the implications of the two models for 
teacher preparation, Gess-Newsome argues that the 
integrative model demands that teacher preparation 
programs teach various knowledge domains sepa-
rately, along with the required skills to integrate them. 
The experience of teaching and reflecting on teaching 
helps teachers enhance the development and use of 
distinct knowledge domains. On the other hand, the 
transformative model for teacher preparation insists 
that knowledge domains should be taught in an in-
tegrative manner, and the experience of teaching and 
reflecting on teaching supports the development and 
use of PCK.

The most popular implications of the integrative 
and transformative models proposed by Gess-Newsome 
for research have been comparing the PCK of experi-
enced and beginning teachers with an assumption that 
novice teachers may have integrative PCK whereas 
experienced teachers possess PCK in a synthesized 
form. The transformative model recognizes the value 
of a synthesized knowledge base for teaching. Accord-
ing to the transformative model, PCK that helps stu-
dents understand specific science concepts is the only 
knowledge used in classroom instruction. Thus, an 
expert teacher has well-formed PCK for all the topics 
commonly taught.

The integrative model is the more commonly used 
framework for science teacher education. Teacher 
knowledge in various domains is taught to preservice 
teachers, and it is expected that they will be able to 
integrate these knowledge domains for teaching sci-
ence topics. The transformative model is comparatively 
new and not yet a popular model to follow for teacher 
preparation. Using a transformative model for teacher 
education means providing a synthesized form of sci-
ence PCK to prospective teachers to help them learn 
how to teach science. One reason for the lack of popu-
larity of the transformative model is the lack of ex-
amples of transformed PCK.

This article argues the usefulness of the transforma-
tive model for the current situation of elementary 
teacher education, because it can provide a base for 
understanding science PCK that may be developed in 
a short time for preservice teachers and is readily ac-
cessible for beginning teachers to develop more 
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in-depth science PCK during their teaching practice 
and inservice PD activities. Moreover, this transformed 
PCK not only can help elementary teachers enhance 
their subject matter knowledge but may also result in 
greater confidence in teaching science. However, this 
raises the question, How do we provide transformed 
science PCK for elementary science? We need to have 
transformed science PCK for all units and topics in the 
elementary science curriculum.

Loughran’s Model: Examples of 
Transformative PCK

I turned to the literature on PCK to find examples 
of transformed PCK. I could find many examples of 
research exploring topic-specific PCK for many science 
topics (Cohen and Yarden 2009; De Jong, van Driel and 
Verloop 2005; Loughran, Berry and Mulhall 2006; Smith 
1999). Most of these examples are from the junior high 
or senior high school level, and few examples exist at 
the elementary level.

Loughran, Mulhall and Berry (2004) developed a 
framework to document the PCK of science teachers 
in the form of content representation (CoRe) and pro-
fessional and pedagogical experience repertoire (PaP-
eR). CoRes are the big ideas and the conceptual under-
standing involved in teaching those concepts. PaP-eRs 
are the narrative accounts of teachers about their 
successes and challenges in implementing instructional 
strategies to teach certain science topics.

Loughran, Berry and Mulhall’s (2006) book on the 
development of the PCK of science teachers provides unit 
plans from experienced science teachers for teaching 
certain science topics at the junior high and senior high 
school levels in the form of CoRes and PaP-eRs. These unit 
plans are examples of transformed science PCK. I think 
they could be modified for elementary science.

Ideally, through research, we will be able to develop 
examples of elementary science PCK in the form of 
CoRes and PaP-eRs. Examples of transformed science 
PCK can be used to help elementary teachers develop 
science PCK for teaching certain topics. Based on these 
examples, topic-specific units can then be designed for 
preservice or inservice elementary teachers. CoRes can 
also be used as an instructional strategy to help ele-
mentary science teachers develop a better understand-
ing of science content. PaP-eRs can be used as cases 
to initiate discussion on various pedagogical strategies 
to teach science content.

Appleton’s Model: Development of 
Science PCK for Elementary Teachers

Appleton (2006) has developed a model to show how 
elementary teachers develop and use PCK for teaching 
science. His model is based on a generalist approach to 
elementary science instruction, in which elementary 
teachers have limited science content knowledge.

According to Appleton, the centre of science PCK 
for generalist elementary teachers is “science activities 
that work” (p 32), and these activities work as sources 
for teachers’ subject matter knowledge and interest in 
science. He found that elementary teachers develop a 
collection of activities that work and related knowledge 
to teach in the classroom. Ultimately, these activities 
and knowledge of teaching with these activities help 
develop teachers’ science PCK. Appleton’s model is 
based on real situations of elementary teachers strug-
gling to develop science PCK through a process that 
seems quite slow.

I think that randomly selected science activities may 
be limited with regard to developing teachers’ subject 
matter knowledge of science, and, as Appleton de-
scribes, this can slow the process of attaining experi-
ential science PCK (which is transformed science PCK, 
as described earlier). There is also the danger that el-
ementary teachers may give up during the process of 
developing science PCK. This generates a need to 
consider a model that is useful for developing the sci-
ence PCK of generalist teachers who have limited time, 
content knowledge and interest in science.

The Proposed PCK Model for 
Elementary Science Teacher 
Education

The proposed model (shown in Figure 1) is a modi-
fied form of Appleton’s (2006) model for developing the 
PCK of elementary science teachers. Appleton visualized 
this model while studying the science PCK of elementary 
teachers in real situations. I here propose a model that 
replaces Appleton’s “activities that work” (p 32) with 
examples of transformed science PCK. As discussed 
above, the examples of transformed science PCK are in 
the form of unit plans on teaching specific science top-
ics, with Loughran, Mulhall and Berry’s (2004) Co-Res 
and PaP-eRs at the heart. The underlying assumption is 
that introducing preservice elementary teachers to 
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CoRes and PaP-eRs (the examples of transformed science 
PCK) may help them develop an in-depth conceptual 
understanding of elementary science topics and expose 
them to effective teaching ideas, which can help them 
develop PCK-readiness that may accelerate the process 
of developing their experiential science PCK. The pro-
posed model considers elementary teachers’ PCK at 
three levels: entering, beginning and experiential.

The proposed model is presented in two sections: 
preservice and inservice (PD). Elementary teachers have 

some prior knowledge when they enter into a teacher 
education program, which is called initial knowledge. 
During preservice teacher education, elementary 
teachers develop PCK for teaching specific science 
topics in elementary science, which is called the sci-
ence PCK of beginning teachers. Then, an inservice PD 
program is designed based on the same principles 
adopted for preservice, and each PD activity is an effort 
to develop PCK for a single unit of elementary science, 
leading teachers to develop experiential science PCK.

Figure 1. Proposed model for developing the science PCK of elementary teachers.
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Initial Knowledge
At the entering level, prospective elementary teach-

ers have some content knowledge of science—at least 
knowledge of high school science (because in Alberta 
all students study science in high school). A few have 
studied more advanced science (Science 20 and 30, 
Biology/Chemistry/Physics 20 and 30) in Grades 11 and 
12. A few have some postsecondary science. Also, re-
garding science content, prospective elementary teach-
ers bring the orientations to learning and teaching 
science that they developed during their study of sci-
ence in high school and university.

Science PCK of Beginning Teachers
A typical generalist elementary teacher education 

program focuses on developing prospective elementary 
teachers’ knowledge of student learning, assessment 
for learning, teaching resources and reflective practice. 
As observed by Appleton (2006, 32), elementary teachers 
start developing their science PCK from “science activi-
ties that work” in their science teaching. He proposes 
that preservice and inservice teacher education pro-
grams should include these science activities.

Differing from this, I suggest that prospective elemen-
tary teachers should be exposed to science PCK with the 
help of the CoRes and PaP-eRs developed by Loughran, 
Berry and Mulhall (2006) instead of science activities that 
are a limited form of science content and pedagogy. The 
underlying assumption, as described earlier, is that the 
research-based CoRes and PaP-eRs will accelerate the 
process of developing experiential science PCK.

In a generalist elementary teacher education pro-
gram, the time allocated for preparing preservice 
teachers to teach elementary science is very limited—
in some cases, only a single week in a curriculum in-
quiry course designed for all curriculum areas. The 
proposed model considers this limited time and sug-
gests following a single unit or two, depending on the 
time available. The unit is named CoRes and PaP-eRs, 
after the title of the framework developed to document 
PCK by Loughran and colleagues. A brief description 
of a sample CoRes and PaP-eRs unit on electricity is 
given in Appendix A. The unit can be used with pre-
service or inservice elementary teachers to help them 
develop PCK, or at least PCK-readiness.

Appendix A outlines a Co-Res and PaP-eRs unit 
that introduces a theoretical framework for PCK, 
taking into consideration the teacher knowledge 

domain used for developing science PCK. Then, 
prospective elementary teachers are facilitated to 
develop their PCK for teaching electricity. Working 
in groups, they design, teach and improve a mini-
lesson on electricity and develop a unit plan for 
teaching ideas related to electricity.

Working through a Co-Res and PaP-eRs unit, as well 
as other courses on general pedagogy, educational 
context, methods and field experiences, prospective 
elementary teachers gain an understanding of science 
content and confidence in teaching elementary science. 
After completing the preservice teacher education 
program, beginning elementary teachers will, hope-
fully, have some science PCK, which I call the science 
PCK of beginning teachers, along with readiness for 
developing experiential science PCK.

Experiential Science PCK
As suggested by Northfield and Gunstone (1997), 

preservice teacher education is by definition incom-
plete and teachers need continuous PD during inservice 
to help them continue to develop their science PCK.

The literature shows that PD for teaching science 
in elementary schools should include selected science 
content, science PCK associated with the science 
content and positive personal encouragement to 
teach science (Appleton 2006). Shapiro and Last 
(2002) identify the need for addressing elementary 
teachers’ needs to learn science content and new 
strategies for helping learners. According to Shapiro 
(2006), PD for elementary science teachers should be 
based on existing teacher knowledge, experiences 
and understandings and should bring about change 
in the culture of science teaching and learning. She 
also emphasizes encouraging teachers to take respon-
sibility for their own PD and advises a shift away from 
one-shot workshops.

Therefore, once elementary teachers enter into 
the field as practising teachers, the proposed model 
suggests a continuous PD program designed using 
the same pattern as the preservice teacher education 
program: CoRes and PaP-eRs units on elementary sci-
ence topics, followed by lesson and unit planning for 
those topics. Research states that beginning teachers 
need continuous PD, so I recommend recurrent PD 
activities for teaching science. Moreover, to make 
these PD activities consistent with the preservice 
teacher education program, I suggest (if possible) 
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holding these PD activities in education faculties or 
in collaboration with education faculties. Ideally, I 
would suggest a PD program as an extension of a 
preservice elementary teacher program—a weekend 
program for a year or so in addition to a one- or two-
year preservice program, and this extra year should 
be an inservice program. In any case, it is assumed 
that frequent PD will certainly increase elementary 
teachers’ science PCK and help them develop experi-
ential science PCK, which is derived from PD events, 
from teaching other subjects and from existing begin-
ning science PCK.

Conclusion
The proposed model is meant for implementation 

in elementary science teacher education programs. 
This model can help in designing curriculum for a 
generalist elementary teacher education program 
to help prospective elementary teachers develop 
their science PCK. This model also has implications 
for designing PD activities for elementary teachers 
to help them develop experiential science PCK. The 
proposed model not only has the potential to help 
elementary teachers develop science PCK but can 
also contribute to accelerating the process of devel-
oping experiential science PCK. The proposed model 
calls for research on documenting examples of 
transformed science PCK using an existing frame-
work (CoRes and PaP-eRs) suggested by Loughran, 
Mulhall and Berry (2004) or developing new 
frameworks.

Appendix A: Example of a 
CoRes and PaP-eRs Unit on 
Electric Circuits

Day 1
•	 Discussion about PCK as a conceptual framework 

for planning science
•	 Orientation toward teaching electricity (How were 

you taught about electric circuits? Was that strategy 
helpful in learning about electric circuits?)

•	 Curriculum mapping and goals of teaching electric-
ity (explore the Alberta elementary science curricu-
lum and the goals of teaching electricity)

Day 2
•	 Inquiry into electric circuits (conceptual quiz as a 

pretest, activities for designing electric circuits, 
conceptual quiz as a posttest, discussion about 
students’ ideas about electricity and using these 
activities for conceptual change)

Day 3
•	 CoRe on electricity used as a tool for discussion 

about big ideas and the conceptual understanding 
involved

•	 PaP-eRs on electricity used as cases around some 
pedagogical strategies

Day 4
•	 Review of PCK (the knowledge aspects required for PCK 

for teaching electric circuits at the elementary level)
•	 Mini-lesson study (planning a mini-lesson and teach-

ing for 10 minutes, followed by a group evaluation 
of the lesson)

Day 5
•	 Mini-unit plan (final assignment)
•	 Development of a mini-unit plan based on the mini-

lesson, including all knowledge aspects of PCK
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James M Lang has some advice for educators: 
think small.

Lang is a professor at the Center for Teaching Excel-
lence at Assumption College, in Worcester, Massachu-
setts, but he speaks in language that science teachers 
can understand as he distills educational research down 
to principles and practices that teachers in real science 
classrooms can use.

However, the best thing about Lang’s book, Small 
Teaching: Everyday Lessons from the Science of Learning, is 
that he is a master storyteller. To illustrate why we 
should help students retrieve stored (or—heaven 
forbid—memorized) information so that they can use 
it to develop higher-level thinking skills, he tells a story 
about a coffee shop waitress who couldn’t remember 
his order and how he fixed this problem. To explain why 
the simple act of predicting the outcome of an experi-
ment can increase both engagement and concept forma-
tion, he recounts his experiences in a friendly college 
football pool. Then, he tells us how research has proven 
that his suggestions for small changes in teaching prac-
tice can make big learning differences for students.

Small Teaching is divided into three concise and 
well-organized sections: Knowledge, Understanding 
and Inspiration. In each section, Lang recounts what 
the research has to say about how people learn best 
and how this applies to classroom teaching practice. 
Although he is a postsecondary instructor and this 
book is targeted at others working at universities and 
colleges, his recommendations and experiences are as 
applicable to a Grade 6 science class as they are to a 
senior English university course. The lesson is simple—
if we understand how people learn, we can design our 

classrooms to support learning. Unlike many of his 
contemporaries who publish in this area, Lang provides 
recommendations that do not require large amounts 
of time or money to implement, that work with larger 
class sizes, and that do not take much (if any) time 
away from other classroom activities and processes.

For example, one of his chapters is entitled “Motivat-
ing.” Those of us who have heard much jargon and 
theory about how to increase student motivation in our 
classrooms may immediately recoil from advice on this 
topic. Most theorists are very good at giving recom-
mendations in this area, and those recommendations 
are often easy to understand but hard to maintain over 
the approximately 200 days a year that we work with 
students. Lang is a practising educator, though, so not 
only does he offer suggestions that work simply and 
well every day, but he has tried these strategies and 
listened to his students when they gave him feedback.

In this chapter, he first recommends three very 
simple strategies:

•	 Get to Class Early Part 1—start class with a great 
image, newspaper/Internet story or quotation

•	 Get to Class Early Part 2—find time by the end of 
the semester to talk to each and every student in-
dividually, no matter how briefly

•	 Tell Great Stories—self-explanatory

As a long-time science teacher, through trial and 
error, I have also discovered these strategies—many 
of us have—but here Lang presents the theory behind 
why this approach works, how to get this done without 
it being too stressful for you and your students, and 
how it worked out for him in his own classrooms. All 
of this is accomplished in less than 10 pages, so you 
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can extrapolate from that the value of the information 
provided in the 250-page book. And even though, as 
a veteran teacher, I found many of his ideas to be 
strategies I was already using or had used, the remind-
ers here and the research base to support the strategies 
inspired me to be newly enthusiastic while planning 
for lessons.

You can probably borrow this book from the library, 
but it may be one that you want to buy and keep on 
your desk. I have found myself going back to it again 
and again to reread sections as I plan for my classes. 
Lang was trained as an English professor, but his writ-
ing is unexpectedly concise. He is also an astute critical 
observer, and he has an excellent grasp of what good 
evidence looks like. (In other words, he could be a 
science teacher!)

Small Teaching is about taking small steps to improve 
the learning environment for our students, but Lang 

is also concerned with the bigger picture. In his last 
chapter, “Expanding,” Lang describes how his journey 
into small instructional changes eventually led him to 
consider larger educational reform. He began by asking 
more of his students and eventually started asking 
more of himself as an educator. He started asking his 
students to take their learning outside the classroom. 
Since he works in a postsecondary environment, he 
had more freedom than the average K–12 classroom 
teacher does, but the ideas here are interesting to 
ponder. How about asking students to research the 
sources of their food for one day? Or asking them to 
go to a small natural space and “interview” it to see 
what it may tell them? Teaching small can expand to 
allow you and your science students to consider the 
larger issues in our world. And Lang would say that 
this is a process that can be quite easy—as long as you 
start with the small.
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Publishing Under the 
Personal Information 

Protection Act
The Alberta Teachers’ Association 

(ATA) requires consent to publish per-
sonal information about an individual. 
Personal information is defined as any-
thing that identifies an individual in 
the context of the collection: for ex-
ample, a photograph and/or captions, 
an audio or video file, and artwork.

Some schools obtain blanket con-
sent under FOIP, the Freedom of Infor-
mation and Protection of Privacy Act. 
However, the Personal Information 

Protection Act (PIPA) and FOIP are not 
interchangeable. They fulfill different 
legislative goals. PIPA is the private 
sector act that governs the Associa-
tion’s collection, use and disclosure of 
personal information. 

If you can use the image or informa-
tion to identify a person in context (for 
example, a specific school or a specific 
event), then it is personal information 
and you need consent to collect, use or 
disclose (publish) it.

Minors cannot provide consent and 
must have a parent or guardian sign a 
consent form. Consent forms must be 
provided to the Document Production 
editorial staff at Barnett House together 
with the personal information to be 
published. 

Refer all questions regarding the ATA’s 
collection, use and disclosure of personal 
information to the ATA privacy officer. 

Notify the ATA privacy officer im-
mediately of any incident that involves 
the loss of or unauthorized use or 
disclosure of personal information, by 
calling Barnett House at 780-447-9400 
or 1-800-232-7208.

Maggie Shane, the ATA’s privacy 
officer, is your resource for privacy 
compliance support. 
780-447-9429 (direct) 
780-699-9311 (cell, available any time) 

Consent for Collection, Use and Disclosure of Personal Information

Name:_ ________________________________________________________  (Please print)

  I am giving consent for myself.              I am giving consent for my child or ward.

Name:_ ________________________________________________________  (Please print)

By signing below, I am consenting to The Alberta Teachers’ Association collecting, using and disclosing personal 
information identifying me or my child or ward (identified above) in print and/or online publications and on 
websites available to the public, including social media. By way of example, personal information may include, 
but is not limited to, name, photographs, audio/video recordings, artwork, writings or quotations.

I understand that copies of digital publications may come to be housed on servers outside Canada. 

I understand that I may vary or withdraw this consent at any time. I understand that the Association’s privacy 
officer is available to answer any questions I may have regarding the collection, use and disclosure of these 
audiovisual records. The privacy officer can be reached at 780-447-9429 or 1-800-232-7208. 

Signed: _____________________________________________

Print name: _ ________________________________________   Today’s date: _ _________________

For more information on the ATA’s privacy policy, visit www.teachers.ab.ca. 
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