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Elementary school classrooms are rich sites of 
children's mathematical and scientific thinking. As a 
preservice teacher (Ashley Pisesky) and researchers 
who have taught in schools (Janelle McFeetors and 
Mijung Kim), we are privileged to watch and listen to 
children's excitement as they make sense of a new 
mathematical idea or figure out a scientific way of 
problem solving. Observing colleagues in classrooms, 
teachers often plan in interdisciplinary ways knowing 
that children's 
learning is more 
meaningful when 
they connect ideas. 
With curricula 
packed with con
tent, integrating 
content areas also 
helps to ensure that 
all outcomes are 
addressed in a 
school year. Teach
ers and students do 
not necessarily live 
out artificial dis 
tinction s betw ee n 
co nt ent areas in 
their classroom s. 

With the advent 
of a STEM (science, technolog y, engineering and 
mathematics) approach, more resources are available 
for integrating science and mathematics. These re
sources contain activities students find engag ing. 
However, a critical viewing reveals that much of the 
early implementation of STEM results in activities that 
prioritiz e one subject area over another where either 
mathemati cs serves the scientific ideas with technical 
skills or a mathematic s idea is dressed up in a scientific 
context. This results in a coordinate approach (Babb 
et al 2016) being supported, rather than integrat ion. 
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Additionally , interdisciplinary teaching of science and 
mathematics is not assumed in curricular document s 
written for separate subject areas. 

On one hand, teachers are balancing the expecta
tions and realities of children's learning . While on the 
other hand, resources and curricula provide nominal 
support for integration of science and mathematics. 
We see an area with great potential for growth, given 
thoughtful design of opportunities for children to ex

perience synchronicity 
in thinking across mul
tiple subject areas to 
support integration. As 
there are no boundar 
ies among disciplines 
in everyday problems , 

' children as problem 
solvers do not experi
ence separation or dif
ferences in mathemati 
c al and scientific 
reasoning ; that is, chil
dren's reasoning pro
cesses intersect and 
integrate across disci
plines , seeking an
swers and solutions to 
problems. 

We hoped research-ba sed literature would help us 
find intersections between mathematics and science 
learning . Our main intention was to move beyond 
task s where math ematics and science coexist and to 
examine in finer detail how children think within the 
subject areas. As we reflected and discussed possible 
intersections , reaso ning arose as an interestin g site to 
explore. We framed our inquiry around the question: 
To what extent is the process of reaso ning a po ssible 
intersection between mathematica l thinking and 
scientific thinking in elementary school classrooms? 
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Because of the vast quantity of studies depicting 
children's reasoning both in mathematical and in 
scientific contexts in elementary school, we chose to 
first pursue this inquiry by understanding current 
research literature. The literature review would inform 
our understanding of how reasoning is referred to in 
mathematics and science in order to identify possible 
intersections. 

Reasoning as Characte rized in 
Curricula 

To understand any intersections that may exist 
between science and mathematics, we needed to know 
how researchers were discussing reasoning in both 
subjects independently. The Alberta program of stud
ies is a good place to look for working definitions 
regarding reasoning. 

According to the mathematics program of studies, 
"mathematical reasoning helps students think logi
cally and make sense of mathematics" (Alberta Edu
cation 2016, 6). While the benefits of students using 
reasoning are explicit, what defines reasoning is 
ambiguous. Reasoning, rather , is characterized by the 
actions students carry out in the process of reasoning 
and problem solving. For example, "analyze observa
tions , make and test generalizations from patterns .. 
. . use a logical process to analyze a problem, reach 
a conclusion and justify or defend that conclusion" 
(2016, 6). Broad in nature, these actions could be 
woven throughout all of the content strands as chil
dren describe and support their mathematical 
thinking. 

A commonality berween both 
characterizations and emphases is that of 

problem solving. 

Similarly , the science program of studies has no 
direct definition of reasoning, yet comparable lan
guage describes the qualities of reasoning. For ex
ample, the science "program provides a rich source 
of topics for developing questions, problems, and 
issues, that provide starting points for inquiry and 
problem solving" (Alberta Education 1996, A.2). As 
developing critical thinking skills is a main goal of 
science education, the science program of studies 
clearly emphasizes critical thinking with "evidence." 
The importance of evidence is shown in General 
Learner Expectations as follows: "critical-minded
ness in examining evidence and determining what the 
evidence means" and "a willingness to use evidence 
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as the basis for their conclusions and actions " 
(p B.24). The program of studies clearly emphasizes 
critical thinking and evidence-based reasoning as part 
of scientific thinking . 

A commonality between both characterizations and 
emphases is that of problem solving. In the problem 
solving process, children observe, collect data and 
information, analyze, and generalize with and for pat
terns. Interestingly, even though the science program 
of studies provides a similar characterization as to the 
definition of reasoning in the mathematics program of 
studies, the term reasoning is never formally defined. 
This might speak to some of the issues that arise when 
disciplines use different subsets oflanguages that have 
similar definitions . 

Reflecting on the characterizations of reasoning 
from the respective programs of studies only gave us 
a general starting place. To continue in our inquiry on 
reasoning as a possible intersection between scientific 
thinking and mathematical thinking in children, we 
needed to locate more finely nuanced descriptions of 
reasoning. Framed by the curricular understandings of 
reasoning, we undertook the following inquiry. 

Inquiry Process 
Much has been written about reasoning in both 

mathematics education and science education. To 
begin, we scanned a few seminal readings in both 
mathematical thinking and reasoning (for example, 
English 1997; Mason, Burton and Stacey 2010; Polya 
1954) and scientific reasoning and argumentation (for 
example, Erduran and J imenez-Aleixandre 2007; Kuhn 
2010; McNeil! 2011; Osborne, Erduran and Simon 
2004) to contextualize current research. 

We then searched for current journal articles in 
databases , such as JSTOR, EBSCOHost, ProQuest, 
ERIC and the University of Alberta library catalogue . 
The search terms , in combination with either mathe
matics or science , included elementary , reasoning , 
argumentation and proof. The list of articles was 
substantial, and eventually searching with various 
keywords did not produce any new articles beyond 
what wa~ already collected. 

To collect a manageable group of readings in each 
discipline, we delineated the bounds for searching 
through the following selection criteria. Our selection 
focused on journal articles and excluded conference 
proceedings and books, as articles are usually the venue 
through which researchers share their most current 
findings. We looked for peer-reviewed reports of em
pirical studies published in academic and professional 
journals. To use the most recent research available, we 
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used a date range of 2,000 to the present. In the end, 
we used about 40 papers for this literature review. 

We did the initial analysis by reading all the papers 
to see how reasoning was defined and discussed 
within each discipline to ascertain the range of ideas. 
We found that researchers explained their understand
ing of reasoning through various examples that pro
vided insight into characterizations initially outlined 
by them. We kept detailed notes on what type of 
reasoning the researchers explored, how they defined 
it, how they observed children developing reasoning 
and noteworthy findings. Throughout the reading and 
summary writing, prominent words began to emerge 
and were used to categorize articles. For each cate
gory, an overall analysis was written. 

Major Themes of Mathematical 
Reasoning 

After reading about 20 articles focused on math
ematical reasoning, we identified 10 general themes 
regarding how researchers discuss reasoning in math
ematics. These general themes can be sorted into two 
broader categories: processes of reasoning and forms 
of reasoning , depicted in Table 1. 

Processes of Forms of Reasoning Reasoning 

Conjecturing Deductive 
---

Justifying Inductive 
-

Specializing Plausible 
- --

Problem solving 
By analogy and 

metaphor 
-

Creating proof s By contradiction 

Table 1. Ten themes within two categories for 
mathematical reasoning . 

I 

Processes of reasoning encompass the ways in 
which children engage in acts of reasoning , also 
described as the verbs of mathematical reasoning 
(McFeetors and Palfy 2017). Conjecturing and justi
fying are integral processes often explored in litera
ture. Form s of reasoning refers to logical chains of 
statements and their structural aspects that are conven
tions within mathematics leading to proofs. Interest
ingly, Polya' s early work on deductive (demonstra
tive) and plausible reasoning has maintained high 
importance in recent literature. Rather than exploring 
all of the themes below, we describe two themes from 
each category that represent the best possibilitie s for 
inters ection between mathematical rea soning and 
scientific reasoning in elementary school classrooms. 
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Processes of Reasoning 
Conjecturing can be defined as offering "a state

ment which appears reasonable, but whose truth has 
not been established" (Mason, Burton and Stacey 
20 I 0, 58). Often children will express a conjecture 
based on a pattern that is emerging in their mathemati
cal thinking, some initial sense they are making of a 
mathematical problem akin to a guess or hunch. Shar
ing a conjecture with others allows for investigation 
that could lead to justification or modification, where 
mathematical reasoning "often begins with explora
tions , conjectures" (NCTM 2009, 4). As a specific 
example for classrooms, Houssart and Sams (2008) 
had upper elementary school children play Lines, a 
game similar to Connect Four. One student pointed 
out a good starting place and conjectured about the 
value of the move, "because it's right in the middle 
and we could go up across, diagonal, loads of different 
ways" (p 62). Even though many students were not 
convinced initially, by the end of the sessions they 
had tested the conjecture sufficiently to show that 
they had a better chance of winning with a central 
start. Interestingly, Lane and Harkness (2012) noted 
that when students skip the process developing con
jectures through exploring the problem context, they 
are unable to justify solutions convincingly. These 
examples demonstrate that it is important for children 
to form initial conjectures, evaluate the conjectures 
and continue to modify or offer new conjectures to 
lead toward convincing solutions to mathematical 
problems. 

Justification is another key process in children's 
use of mathematical reasoning. In fact, many re
searchers refer to reasoning interchangeably with 
justification. They state, "mathematical reasoning .. 
. involves justifying" (Thom 2011, 234) or define 
reasoning as "the ability to justify choices and conclu
sion" (Johnsson et al 2014, 20). Staples, Bartlo and 
Thanheiser (2012, 448) see justification as "an argu
ment that ... uses . .. mathematical forms of reason
ing," while Mason, Burton and Stacey (2010) see it 
as convincing yourself and others of why a conjecture 
or solution works all the time. As a specific example 
for in Grade 6 classrooms, Mueller and Maher (2009) 
used tasks with Cuisenaire rods , which focused on 
fractional relationships among the differing length s. 
The researchers elicited justifications from students 
by asking, "How can you convince the whole class?" 
(p 112). In one instance, students defended their 
answers of why a rod of length 9 did not have any 
corre sponding half lengths by lower and upper 
bounds: "The yellow is a little bit more than a half , 
and the purple is shorter than a half' (p 113). By 
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contraction, "Here is not a rod that is half of the blue 
rod because there are nine little white rods; you can't 
really divide that into a half , so you can't really divide 
by two beca use you get a dec imal or remainder " 
(p 113). Thi s example demon strates that elementary 
school children are capable of ju stifying their thinkin g 
and need their teachers ' support through que stioning 
to regularly express their reasoning in many ways. 
Additionally, the way justification s are con structed 
and expre ssed warrants more discussion in the fol
lowing section . 

Forms of Reasoning 
Deducti ve reasoning is one of the defining forms 

of math ematic al rea soning, typicall y de scribed as 
being able to draw a conclusion from pre-establi shed 
facts (Reid 2002a). The promin ence deductive reason
ing plays in mathematics as a discipline is not surpris
ing as it is the prima ry form of constructing proof s 
(Flegas and Charalampos 201 3; Reid and Zack 2009). 
Moving beyond a broad categorization, Reid (2002b) 
describes different types of deducti ve reasoning, such 
as "simple one-step deducti ve reasoning ... multistep 
deductive reasoning . . . [and] hypothetical deductive 
reasonin g" (pp 235-36). While the first two types 
refer to the complexity of chains of reasoning , the 
last type signals making inferences from the hypoth
eses generated during problem solving (Stylianides 
and Stylianides 2008). Furthermore, Komatsu (2016) 
empha sizes the importanc e of deductive thinkin g in 
student s by explaining , "deductive guess ing can be 
regarded as an authentic mathem atical action because 
. .. it [ can] overco me counter-examples" (p 159). 

... elementary schoo l children are capable of 
ju stifying their thinking and need their teachers' 
suppo rt through questioning ro regularly express 

their reasoning in many ways. 

Rea soning by counter-examples is not an exhaus 
tive approach to proving, so the shift in students· use 
of deductive guessing in the reported research showed 
a shift in students' invocation of reasoning within 
problem solvin g. ln other words, children show more 
sophistication in their reasoning as they move beyond 
using counter-example s to justify a conjecture toward 
creating chains of reason ing using establi shed facts. 
The observable impro vement in reasoning help s to 
further the idea that deducti ve reaso ning is an essen
tial skill that students should be developin g. As a 
spec ific exa mpl e for classrooms, Wanko (2009) 
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introduced a variet y of Japane se puz zles into his 
classroom to help foster deductive rea soning. He 
explain s the value of using these puzzle s in that "when 
students learn to provide deductive argument s for 
their puzzle-so lving strategies, they are laying the 
foundation for good mathematical practic es" (p 271 ) . 
This statement empha sizes the essenti al nature of 
deductive reaso ning in the mathematics classroom. 
Puzzl es, like Sudoku, require student s to use given 
information with completed cells and rules for place
ment s to fill in the missing cell values. 

... children show more sophistication in their 
reason ing as they move beyond using counter

examples to justify a conjectu re toward creating 
chains of reasoning using established facts. 

Plau sible reasoning, as complementary to deduc
tive reas oning , is important to solving mathem atical 
probl ems and is a component of reasoning in daily 
life . Plausible reasoning (Polya 1954) is based on 
explorations that do not follow a prescribed pathway, 
is bound up with conjecturing throu gh use of infer
ences, acknowledge s personal knowing, coincides 
with mathematical thinkin g, and does not demand the 
same rigour and aim of absolute certaint y as in deduc
tive reasoning. Leading to developing mathematical 
ideas, plausible reasoning incorporate s generalizing 
throu gh pattern-n oticin g within inducti ve reaso ning 
while relying on connections made to similar struc
tures within analogic reasoning . Put in another way, 
Poly a (1954) states that "it is reaso nable to try the 
simplest case first" and how "even if we return even
tually to a closer examin ation of more compl ex pos
sibiliti es, the previous exa mination of the simplest 
case may serve as a useful preparation" (p 194 ). The 
following example further demonstrat es this, wherein 
Sumpt er and Hedefalk (2015) analyzed pre school 
children's reasoning throu gh play. Wh en a young 
child suggeste d mea surin g the height of a rock, the 
children collect ively offer reasoning based on infer
ences. For exa mple, "Yes, but the house is bigger than 
the rock" (p 5). Or where a conclusion is offered based 
on measuring as evidence, " It is bigger than me any
way [walks and stands next to the rock and looks up , 
using her own body as a measure]" (p 5). The informal 
reasoning implied by plausible reasoning is a wonder
ful start ing place in the early years of elementary 
schoo l, where children can be asked to provide de
fenses that are connected to their experiences and 
reasonable to the problem-solving context. 
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Major Themes of Science 
Reasoning 

Forms and Skills of Scientific Reasoning 
Several prominent themes emerged from the lit

erature on science reasoning, and we have selected 
the most comprehensive descriptions and definitions. 
One major theme is deductive reasoning, which is 
also described as a means of reasoning in mathemat
ics. Deduction, as a key skill for scientific reasoning 
(Van der Graaf, Segers and Verhoeven 2015), is often 
discussed with a hypothesis-based approach in sci
ence. For instance, researchers emphasized hypothetico
deductive reasoning whereby deduction is combined 
in an overall process of reasoning alongside hypoth 
esizing (Chen and She 2015; Lawson 2008). 

When studenis rnade a hypothesis, they were also 
challenged to give their reasoning a;1d, where 

appropriate, to provide evidence to support their 
statements, that is, deductive reasoning. 

. The process of hypothetico-deductive reasoning 
m classrooms occurs when students make a hypoth
esis based on their experiences and knowledge to an 
unknown situation, deduce what would happen if their 
hypothesis was correct, design a test based on the 
deduced ideas and finally test it to verify or falsify it. 
If it is false, they will make another hypothesis. Lei 
et al (2009) explicitly states that "scientific reasoning 
ability . . . focuses on ... reasoning skills such as the 
abilities to . . . formulate and test hypotheses' ' (p 586). 
The skills of scientific reasoning, such as hypothesiz
ing and fair testing, are essential components of un
derstanding scientific reasoning as an entirety, be
caus e they aid in describing the big picture of 
scientific problem solving and knowledge develop 
ment. As a classroom example, Tytler and Peterson 
(2003) asked students to hypothesiz e which whirly
bird would fall and spin faster. The whirlybirds had 
three different wingspans: short, medium and long . 
When students made a hypothesis , they were also 
challenged to give their reasoning and, where ap
propriate, to provide evidence to support their state
ments, that is, deductive reasoning. Deductive reason
ing is also described as a reasoning skill that scientists 
often engage in (Wassennan and Rossi 2015). 

Inductive reasoning is used to describe and discuss 
scientific reasoning and is often mentioned with refer
ence to observed patterns. Lawson (2005) viewed it 
as a primary component of scientific reasoning. 
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Wasserman and Rossi (20 IS) explain the significance 
of induction in scientific reasoning by describing how 
"one of the primary modes of reasoning in science is 
induction" (p 23). Wasserman and Rosi (2015) also 
found that "science teachers .. . were more prone to 
us[ing] inductive methods of reasoning" (p 32). 
Duschl (2003) further supports this by stating that 
"scientific inquiry ... [is] an inductive process." A 
classroom example is an electric conductor and indi
cator activity. Students test various materials, such as 
a wood stick, metal spoon, nail, plastic pen, paper, 
rubber band and so on, in an electric circuit to deter
mine that metal materials are conductors (induction). 
This approach is common in hands-on science in
quiry. This science concept through inductive reason
ing often continues to develop with deductive reason
ing when teachers provide everyday materials, such 
as a key, a coin or a metal glass frame, and ask if the 
items would pass an electric current or if wearing 
rubber gloves would be safe during electricity repair. 
These further questions will help develop students ' 
deductive reasoning (for example, the key is metal, 
metal is a conductor , conductors pass electricity , 
therefore, key passes electricity). 

The collaboration of claims, evidence and 
justification in argumentation empowers 

students' scientific reasoning . 

Another key theme to explain science reasoning is 
argumentation, which is a means through which 
scientific reasoning is developed . For example, it is 
seen as an essential aspect of "prompting scientific 
reasoning" (Driver, Newton and Osborne 2,000; 
Duschl and Osborne 2002; Roberts and Gott 20 I 0). 
Argumentation is used to develop and evaluate claims 
based on data and evidence. When students encounter 
conflicting claims, they need to search for evidence 
to justify which claim is more convincing to reach an 
agreement or conclusion. For instance, when students 
propose two conflicting claims : (I) platypus is a 
mammal, and (2) platypus is an amphibian, they need 
to find sufficient evidence to justify their conclusion. 
The collaboration of claims, evidence and justification 
in argumentation empowers students' scientific rea
soning (Osborne, Erduran and Simon 2004). 

The Essence of Scientif ic Reasoning : 
Evidence 

In the process of scientific reasoning, linking 
theory and evidence, that is, understanding the co
variation between theory and evidence is critical 
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(Kuhn and Pearsall 2,000). For instance , in hypothesis 
testing, students use scientific data or information as 
evidence to support or refute their hypothesis. In an 
inductive approach of scientific experiments, a con
clusion must be drawn from data collected, that is, 
evidence-based data analysis. In the processes of 
argumentation, a claim must be justified with evi
dence to be persuasive and convincing. Thus, 
"argument[ation] in the science classroom ... can 
help students develop science skills . .. [such as] us
ing evidence to defend a point of view" (Thier 20 I 0, 
70) . In any type of scientific reasoning and prob lem
solving process , students are challenged to connect 
their claims, explanations and conclusions to evidence 
to make their ideas scientific, justifiable and, thus, 
persuasive. So important is evidence in scientific 
reasoning that Tytler and Peterson (2004, 98) state, 
"A key aspect of scientific reasoning is the ability to 
suggest and make judgments about evidence." Mc
Neill and Krajcik (2008) also explained the important 
role of evidence in science: "When scientists explain 
phenomena and construct new claims, they provide 
evidence and reasons to justify them or to convince 
other scientists of the validity of the claims" (p 121 ). 
This description of the importance of evidence and 
its role in science facilitates the concept that evidence
based thinking in science is critical. 

Scientific reasoning can be broadly defined as 
intentional coordination of theory and evidence 
(Mayer et al 2014, italics added). As science reason
ing requires one's intention, practice and skills to 
coordinate theory ( claim) and evidence ( data) in 
scientific explanation, for students to think and pro
cess material from a truly scientific perspective, we 
must provide the tools for this to become a reality. 
Helping students to learn evidence -based mean s of 
thinking will help to facilitate this into a reality. Hardy 
et al (20 I 0) discuss the concept of evidence-based 
reasoning (EBR) and how it potentiall y "contribute[s ] 
to the development of individual students' abilities 
in scientific reasoning" (p 198). They categorized 
evidence-based reasoning into three levels : ( l) data
based reasoning-students' ideas (claims and state
ments) are supported by a single property or observa
tion, (2) evidence-based reasoning - students' ideas 
are supported by a contextualized relationship be
tween two or more data or evidence, and (3) rule
based rea soning-students' idea s are supported by a 
generalized relation ship or principle (Hardy et al 
2010). Evidence- and rule-ba sed reasoning are higher 
and more sophisticated levels of reasoning than data
based reasoning in terms of evidence-claim evaluation 
and knowledge generalization and application. An
other notion discussed in the literature is that of 
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scientific literacy, viewed in relation to evidence. For 
example, Brown et al (2010, 124) state how "students 
who are scientifica lly literate should be able to make 
judgments based on the evidence supporting or refut
ing [an] assertion." This only further assists in dem 
onstrating the critical nature of evidence-based think
ing as it is viewed through this definition of scientific 
literacy as an essential component of it. The concept 
of scientific literacy is further backed by McNeill and 
Krajcik (2008), who claim that "students need to be 
able to critically read . .. by evaluating the evidence 
and reasoning pre sented .. . [this] allows students to 
make informed decision s" (p 121 ). That critical and 
evidence-based thinking are integral components to 
thinking scie ntifically is clearly a common theme 
throughout the literature. 

.. for students to think a11d process material 
from a truly scientific perspective, we must 

provid e the tools for this to become a reality. 

Discussion and Reflection 
In elementary mathematics and science classrooms, 

reasoning is an important foundation for students to 
form a significant and thoughtful understanding of the 
processe s that underlie these subjects and to apply and 
develop disciplinary content knowledge. For instance, 
claims and hypothe ses are made, and data and evidence 
are evaluated as plausible or implausible based on 
children's current knowledge (Sadler and Zeidler 
2005). When children's current knowledge does not 
support observed phenomena, such as discrepant events 
or cognitively conflicting situations , they need more 
plausible and fruitful knowledge to explain the phe
nomena in the justification process where teacher s can 
expect conceptual change and development. Because 
of this significance, it is essential to understand how 
reasoning is understood within each discipline, as with 
that knowledge we can begin to develop stronger links 
between the two subjects that can facilitate increasing 
student understanding both in the individual subjects 
and between both subjects. 

Rea soning as it was discuss ed in the mathematics 
literature primarily focused on the keywords that one 
typically may conjure up when thinking about rea
soning from a more standard persp ective- term s, 
definitions and examples of deductive, inductive and 
plausible reasoning were common themes in the 
realm of mathematics reasoning. Some of these key 
words and definitions were also demonstrated within 
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the literature on scientific reasoning, in particular , 
deductive and inductive reasoning . In the discussion 
of deductive rea soning in science, hypo the sis is a 
key idea whereby students' hyp othesis testing often 
includes deductiv e reaso nin g. As a distinction within 
the commonality of deductiv e re aso ning is that in 
mathematic s con structing a pro of is see n as the pur
po se of deductiv e reasoning. From the literature , we 
found conjectur e in mathemati cs and hypothesi s in 
science seem to share some degr ee of commonality 
where student s mak e a claim base d on their pri or 
experience s, observation and knowledge to explain 
what is going to happen in an unknown situation. 

... we can begi11 to develop stronger links 
between the nvo subje cts that can facilitate 

increasing student understanding. 

Inter estingly , the prevalent theme of the topic of evi
dence and the essential role that a variety of authors 
viewed it to ha ve in scientific rea sonin g, and how the 
und erstanding of reas onin g with an empha sis on 
evidence was not preva lent in the literatu re on math
ematic s rea sonin g. How ever, although evide nce was 
not necessa rily a common th eme that arose in the 
math ematics literature, other keywor ds were often 
referenced, which have similar meaning to evidence, 
such as ju stificati on through specific exa mple s and 
spec iali zing to convince with a smaller problem . We 
believe that even though the literature refers impli c
itly to the co nce pt of evidence in the mathematics 
literature, the idea of evidence may be a commonality 
these two di sciplin es share ab out reaso ning , and one 
that dese rves further explorati on to benefit future 
teachers and students. 

Overa ll, co mmonaliti es of math ematical and scien
tific reasoning lie in the area of observi ng, analyz ing 
and justif ying in a probl em-solving process. To under
stand and solve the probl em, children observe, collect 
data (evidenc e) and analyze the observed data to come 
up with answers. In math ematic s classrooms, teac hers 
commonly use conjecruring andjustffi cation to explain 
this problem -solving proc ess , and in sc ience class 
rooms , teacher s use the term s mak ing claims, seeking 
evidence and justification . In thi s problem-solvin g 
process, inductiv e, deductive, hypo thetico-deductive 
and plausible reasoning are comp lexly intertwined, yet 
whichever reasoning students call on, their solutions 
must be ju stified with evidence. Even though students' 
mathematics and science reasoning share many com
monalities, in literature review, they are explained with 
different terms and language; thus, it seemed they were 
separate cognitive skills in childr en's thinkin g. 
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Reflection 
In thi s section, we share our reflections on children's 

reasoning in elementary classrooms based on our own 
perspectiv es and experienc es as a pre service teacher 
(Pise sky) and teacher educat ors (McFe etor s and Kim ). 

Ashley Pisesky 

Thes e findings have been very helpful to me as a 
preservice teacher, and they would aid other elementary 
school pre service and current teacher s. For example , 
the time-int ensive les son planning was a challenge 
while completin g my practicum s. Since elementary 
school generalist teacher s are responsible for instruct
ing about five subjects daily, lesson planning becomes 
overwhelming; few explicit cross-curricular connec
tions bet wee n the subject s are taught in post secondary 
preparation. Having more explicit connections specific 
to the school subjects demon strated that this kind of 
prepar ation may have made lesso n plannin g easier. 
Some of the mathematics and science lessons may have 
been linked together, using one lesson and one time 
block to instruct both sets of content. 

The focus should be on the processing that 
students are engag ing in. 

Alongside this , students would benefit from having 
more of the subjects linked across the curriculum . I 
was a stron g believer of thi s throu ghout my practi
cums, and I often looked for ways to link student s' 
learning. However, many of the links that I found 
were more sup erficial in natur e, such as how doing 
writing in science class link s bo th language arts and 
science . Alternatively , linkin g content in subj ects, 
such as a learni ng outcom e in math ematic s and in 
science , may also be viewed by some as more of an 
arti ficial connection. Although it is goo d to point out 
the two similarities and to reinfo rce one subject 
throu gh another, a fundament al missing link bet wee n 
subj ects at a deeper level in order to better understand 
and facilitate student processi ng is curr ently a deficit 
that should be included in preservice teacher training. 
A prim e exa mple of how this could be bett er inte
gra ted into pre se rvice preparati on is the research 
gat hered throu gh thi s literat ur e review. With STEM 
being an increased foc us in schools, both in the class
room and in extracurricular activities, it is esse ntial 
that teachers know and und ers tand the deeper mean 
ing as to why and how the se subj ects are related to 
one another in order to better implem ent learnin g in 
the classroom. From my experie nces, a better under
standin g of how stud ent s engage in the proc ess of 
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reasoning in both subjects will help to foster greater 
understanding in both. I therefore belie ve that linking 
the subject s of mathematics and science with students 
in the elementary classroom is something that not 
only could be but should be reasonably practised by 
preservice and practising teacher s. 

One revelation from this process was when I dis
cussed the intersections between science and mathe
matics reasoning with my supervisors. Janelle and 
Mijung mentioned that in science reasoning we discuss 
the hypothesis-verification process to develop reason
ing, but mathematics reasonin g is developed through 
the use of conjectures. They proceeded to explain that 
conjectures and hypotheses essentially point to the 
same phenomenon ; however , they are each used in 
their respective field. I think that this is something that 
should change in the future, as we look toward creating 
more cohesive and comprehensive learning opportuni
ties for students. We should use both words inter
changeably in both fields so that students do not get 
left behind in the language of the topic. The focus 
should be on the processing that students are engaging 
in. If we allow this to be the focus of teaching and 
learning, we will see increased student understanding 
in both domains. We will reduce the disparity that exists 
between students who excel in each domain but 
struggle in the other. All of these are important effects 
that students would benefit from. 

Janelle McFeetors and Mijung Kim 

Rea soning in general involves logic thinking. 
When children encounter a puzzling question, they 
try to find solutions by retrie\'ing and reorganizing 
theirthoughts, experiences and knowledge . We educa
tors want to support students in constructing reason 
able solutions developed through logical thinking 
processes. Through various pedagogical strategies, 
educators strive to enhance children' s thinkin g and 
reasoning processes, which help them construct solu
tions , which also develops knowledge application. 
For instance, in mathematical problem solving, chil
dren learn to conjecture, specialize.justify and create 
proof, and in scientific problem solving , they learn 
to evaluate and justify claim s with evidence to draw 
conclusions. In this process , children's knowledge is 
reflected, examined and developed to solve the current 
probl em. However, often the particular terminologie s 
for these cognitive actions are used in a way that teach 
children to see reasoning as if they were different and 
isolated within content areas. We seldom question 
what children do differently during conjectur ing in 
mathematic s class and hypothesi zing in science class
rooms. Children try to make sense of the current situ
ation at hand (for exa mple, a pu zzle, question, 
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discrepant event and so on) using their knowledge , 
experience s and creativity to come up with a possible 
explanation, which is conjecture in mathematic s and 
hypoth esis in science. We acknowledge these termi
nologie s are unique in each disciplinary tradition, 
thus need to be acknowledged and respected. Yet 
when separately taught to preservice teachers and 
further to children in classrooms, they could become 
confusing and seemingly isolated cognitive processes. 

Reasonin g in general involves logic thinking. 

In this study, we teacher educators looked at math
ematic s and science reasoning not from a subject 
disciplinary lens but from the perspectives of a child 
and a teacher who might not distinguish reasoning 
processes in two different subject areas. We believe 
there is a need for understanding how reasoning in 
mathematics and science could be integrated and 
taught. such as in STEM-oriented classrooms. In a 
STEM approach, students are engaged in problem 
solving, which requires integration of knowledge and 
skills among different disciplines and the boundarie s 
of disciplines often disappear. Once the problems are 
identified and goals are shared in the problem- solving 
community, disciplinary traditions and knowledge 
and reasoning skills are all complexly intertwined 
and integrat ed in collective levels. Student s create, 
justify, evaluate and negotiate their ideas to reach the 
best solutions to problems. Which mathematical 
reasoning and scientific thinking do students use in 
a STEM problem-solving process? One might find 
this question difficult and not necessary as children's 
reasoning and problem -so lving process are inter
twined and integrated without the boundarie s of 
subjects, which motivated our interest in this study . 

To illustrat e, we offer a specific example of a 
STEM approach, where students are challenged to 
solve a problem, such as building a boat with material 
and time constraints. The boat needs to meet with 
certain criteria, such as ( 1) holding a certain weight, 
and (2) reachin g a certain point as fast as possible 
when a fan is blowin g. In this problem-solving situ
ation, students must understand the relationship of 
density, buoyancy, geometrical shapes, friction of 
materials. measurement of distance and loading 
strategy. To prove their design, they would test their 
boat with a certain load and a fan blowing on water. 
When the load gets heavier, they would conjecture 
the maximum load before it sinks. In thi s problem 
process , childr en's reaso ning is complexly inter
twined with vario us types of reasoning. Thus, it is 
neith er po ss ibl e nor meanin gful to indicat e 
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mathematical and science reasoning separately. An 
implication for classroom practice is that mathematics 
and sc ience content be address ed simultaneously 
through intriguing problems for students, where 
reasoning is elicited in their action s and disco urse . 
Rather than labelling these actions with discipline
specific terminology, teachers can celebrate the un
derstandings students develop as they offer tentative 
explanations, explore the context and ultimately 
justify their ideas . This is where we feel the gap exists 
between theory of cognition and everyday practice. 

During our reading and conversations, we ques
tioned how we could develop more integrated ways of 
teaching. We reflected on our own classrooms in our 
teacher education program in subject-specific curricu
lum courses and our own teachin g at the university. 
We recognized that it is also very isolated as we per
petuate distinction s using different terms for similar 
reasoning processes. This led us to examine the termi 
nologies of reasoning that we use in each discipline 
and how we introduce them to preservice teachers. As 
we realize that students in schools and citizens in ev
eryday life integrate knowledge and skills without 
disciplinary boundarie s similar to a STEM approach, 
it was worthwhile que stioning how reasoning is dis
cussed in research, curriculum and in our own classe s 
as an initiative of developing an integrated approach 
for mathematic s and science teaching . 

As a result of this inquiry, we have more questions 
and challenges as we start to reflect on our own cla ss
rooms at the university. The current teacher education 
program has perpetuated the separation between sci
ence and mathematics through its subject-based pro
gram design. Also, as the specific terms of reasoning , 
such as conjecture and hypot hesis, are the means of 
communicating among educators and resea rchers 
within the subject disciplines, they will be continuously 
used in the communities of mathematics and science 
education. As we realize the need for an integrated 
approach in today' s classrooms, how we introduce 
these term s without creating confusion and resistance 
becomes a challenge. Creative and collective effort s 
will be required in further conversations. 
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