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Abstract 

 The integration of mathematics and science in secondary schools in the 21
st
 century 

continues to be an important topic of practice and research. The purpose of my research study, 

which builds on studies by Frykholm and Glasson (2005) and Berlin and White (2010), is to 

explore the potential constraints and benefits of integrating mathematics and science in Ontario 

secondary schools based on the perspectives of in-service and pre-service teachers with various 

math and/or science backgrounds.  

 A qualitative and quantitative research design with an exploratory approach was used. 

The qualitative data was collected from a sample of 12 in-service teachers with various math 

and/or science backgrounds recruited from two school boards in Eastern Ontario. The 

quantitative and some qualitative data was collected from a sample of 81 pre-service teachers 

from the Queen’s University Bachelor of Education (B.Ed) program. Semi-structured interviews 

were conducted with the in-service teachers while a survey and a focus group was conducted 

with the pre-service teachers. Once the data was collected, the qualitative data were abductively 

analyzed. For the quantitative data, descriptive and inferential statistics (one-way ANOVAs and 

Pearson Chi Square analyses) were calculated to examine perspectives of teachers regardless of 

teaching background and to compare groups of teachers based on teaching background.  

 The findings of this study suggest that in-service and pre-service teachers have a positive 

attitude towards the integration of math and science and view it as valuable to student learning 

and success. The pre-service teachers viewed the integration as easy and did not express 

concerns to this integration. On the other hand, the in-service teachers highlighted concerns and 

challenges such as resources, scheduling, and time constraints. My results illustrate when 

teachers perceive it is valuable to integrate math and science and which aspects of the classroom 
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benefit best from the integration. Furthermore, the results highlight barriers and possible 

solutions to better the integration of math and science. In addition to the benefits and constraints 

of integration, my results illustrate why some teachers may opt out of integrating math and 

science and the different strategies teachers have incorporated to integrate math and science in 

their classroom.  
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Chapter 1 

Introduction 

 The integration of mathematics and science in secondary schools in the 21
st
 

century continues to be an important topic of practice and research. Many studies 

strongly support the idea of integrating mathematics and science in secondary schools, 

finding it has a positive effect on student achievement and success (Hurley, 2001). For 

example, Judson and Sawada (2000) found that students performed better in mathematics 

when a math topic incorporated science activities, suggesting that context helps students 

better understand math concepts. Drake (2000) argues that an integrated curriculum 

develops the skill of making connections between subject areas and thus prepares 

students to transfer this skill to solving real-life situations. Furthermore, Austin, Hirstein, 

and Walen (1997) found an improvement in students’ attitudes toward mathematics and 

problem solving.  

Notwithstanding the potential benefits, other studies indicate that the integration 

of mathematics and science may be difficult for the following reasons: a) teachers lack of 

content knowledge between the two subjects (Frykholm & Glasson, 2005); b) teachers do 

not have the skills to integrate the subjects (Frykholm & Glasson, 2005); c) there is a lack 

of resources (Mason, 1996; Wallace, Rennie, Malone, & Venville, 2001; Basham, Israel, 

& Maynard, 2010); d) there is insufficient time in the school day for integration (Drake, 

1993; MacMath, 2011); and e) there is insufficient collaboration/planning time amongst 

colleagues (Hargreaves, Earl, Moore, & Manning, 2001). Furthermore, as mentioned by 

Hurley (2001), there seems to be no agreement on how curriculum integration should be 
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defined. For example, Kiray's (2012) model examines seven different ways to integrate 

mathematics and science, including total integration, math-centered science-assisted 

integration, and more.  

 Many studies examine the benefits and constraints of integrating mathematics and 

science at the secondary school level. Berlin and White (1999) “spent over 15 years 

acquiring and reviewing the literature related to the integration of mathematics and 

science education” (p. 57) and found that integration has been an ongoing topic since 

1905. Furthermore, the integration of math and science is supported by professional 

organizations such as the National Council of Teachers of Mathematics (NCTM) and the 

National Research Council (NRC). For example the NRC makes references to integrating 

math and science (along with technology) in the National Science Education Standards 

(NRC, 1996), which has since provided guidance for the development of standards and 

guidelines by other science publications. Furthermore, the Principles and Standards for 

School Mathematics (NCTM, 2000) also makes references to integrating math and 

science and states that students should be able to “recognize and apply mathematics in 

contexts outside of mathematics” (p. 66).  

In addition to support from professional organizations, according to Canada’s 

Economic Action Plan 2009, the federal government provided $13.7 million in funding 

for the Youth STEM (Science, Technology, Engineering, and Math) program. As one 

example, the program offered outreach programs in southern Ontario to encourage 

students from kindergarten to Grade 12 to pursue these subjects. Furthermore, multiple 

organizations across Ontario also provide these programs with the support and funds 

from multiple sponsors. One such initiative is Let's Talk Science, which is a major 
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organization that has provided outreach programs to more than 3.5 million children, 

youth, educators, and members of the general public since 1993 (Let’s Talk Science, 

2015). University initiatives such as Science Quest at Queen's University and Waterloo 

Unlimited (enrichment programs) also provide these outreach programs. The integrated 

programs offered by these initiatives strive to promote skills in science, engineering, 

technology and mathematics, but it is alarming that these teaching strategies—seen to 

benefit students in learning these subjects—are not implemented in the Ontario 

curriculum. For example, Let’s Talk Science (2007) conducted a survey regarding 

perceptions and interests about science outreach and found that only 17% of science 

outreach was completed in a classroom. 

Despite previous supporting research and organizational backing, it is surprising 

that integration of mathematics and science has not fully surfaced in the Ontario high 

school curriculum. A possible explanation outlined by Rennie, Venville, and Wallace 

(2010) is that “a subject-centered curriculum persists in most schools, particularly at the 

high school level” (p. 4), which suggests that there is a lack of direction on how to 

integrate mathematics and science. Since the Ontario Ministry of Education documents 

are organized with specific learning outcomes/expectations for each discipline separately, 

the organization and content in the curriculum documents do not accommodate 

integration of math and science. 

Purpose 

Given the ongoing desire for integration, it is important to explore more closely 

the barriers of integrating mathematics and science. With this increasing understanding 

we can begin to implement practices and policies to improve integration of math and 



 

4 

 

science. The purpose of my research was to determine the potential constraints and 

benefits of integrating mathematics and science in Ontario secondary schools based on 

the perspectives of five different groups: 1) in-service teachers who teach both math and 

science; 2) in-service teachers with only math or science (but not both) as a teachable 

subject; 3) pre-service teachers with math and science teachable subjects; 4) pre-service 

math teachers with no science teachable subjects; and 5) pre-service science teachers with 

no math teachable subjects. Note that the in-service teachers with only one of math or 

science teachable subjects were grouped together because the sample size was not large 

enough to create separate groups as was done for the pre-service teachers. To better 

understand integration based on the teachers' perspectives the following research 

questions were addressed: 

1. How do teachers integrate math and science in their classroom? 

2. When is integration difficult and what kinds of resources/factors do teachers 

believe help them overcome these difficulties to integrate math and science? 

3. What is valuable about integrating math and science and when is integration 

valuable?  

These research questions will provide better insight on the different teaching practices 

and values of the different types of teachers in regard to integrating math and science. 

However, these perspectives will not be limited to teaching background; an overall 

picture of the values and difficulties of integration will be captured regardless of teaching 

background. Then comparisons between groups based on teaching background will be 

made to further explore the values and difficulties of integration. For example, to make 

an integrated curriculum work, collaboration between the science and math department is 
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necessary (Hargreaves et al., 2001) and thus it is interesting to explore if this is occurring 

amongst teachers. However, certain difficulties such as lack of content knowledge may 

only be dependent on the type of teacher. These research questions will shed light on 

those aspects of integration for which teachers require assistance. My research with 

Ontario secondary school teachers (both in-service and pre-service teachers) and their 

perspectives regarding the constraints and benefits with integration will help guide our 

subsequent efforts to better integrate these critical areas of learning for students. 

My work is based on earlier work completed by Frykholm and Glasson (2005) 

and Berlin and White (2010) who examined the perspectives of pre-service teachers. 

Frykholm and Glasson examined the perspectives of pre-service teachers regarding math 

and science integration and found that “the participants seemed most concerned about 

their lack of content knowledge in whichever field was not their primary content area—

either mathematics or science” (p. 133). Berlin and White (2010) also examined the 

perspectives of pre-services teachers regarding integration but focused more on the value 

and difficulty of integrating math and science. I intend to use the barriers outlined by 

these researchers along with a value and difficulty scale to develop my instruments to 

better understand what can be done to implement and accommodate integration in the 

Ontario curriculum.  
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Chapter 2 

Literature Review 

 The integration of mathematics and science is a popular topic that has sparked a 

high level of interest in the last 25 years. Berlin and Lee (2005) found that 449 research 

papers about integrating mathematics and science have been published between 1990 and 

2001—demonstrating the high interest of integrating mathematics and science. The 

purpose of this literature review is to investigate what is integration of mathematics and 

science, and the possible barriers and effects of integrating mathematics and science. In 

addition, three particular research studies with a similar purpose to my research will also 

be examined. 

What is Integration of Mathematics and Science? 

 Hurley (2001) found that “multiple forms of integration have always existed” (p. 

265); thus it is worthwhile to provide a literature review that examines researchers’ and 

classroom teachers’ perception of integration of math and science. The insight from the 

different research papers will provide an overview of different forms of integration to 

better understand some of the experiences the teachers in this study may be referring to. 

 It is important to initially consider the first integrated science and mathematics 

model that was developed by Berlin and White (1994). The model, known as BWISM 

(Berlin-White Integrated Science and Mathematics Model), focused on ways of learning, 

ways of knowing, process and thinking skills, content knowledge, attitudes and 

perceptions, and teaching strategies. Since then, more models have been presented by 

different researchers, such as the five types of integration (sequenced, parallel, partial, 

enhanced, and total integration) outlined by Hurley (2001). Although not explicitly 
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defined, the research studies used in this literature review generally use Hurley’s (2001) 

definition of enhanced integration: “either science or mathematics is the major discipline 

of instruction, with the other discipline apparent throughout the instruction” (p. 263). 

However some studies used Hurley’s definition of parallel integration—“science and 

mathematics are planned and taught simultaneously through parallel concepts” (p.263)—

or partial integration—“science and mathematics are taught partially together and 

partially as separate disciplines in the same classes” (p. 263). The purpose of this study is 

to examine the math and science courses as separate courses (as opposed to a new 

combined course of math and science) but with an integrated component. Thus four of 

the five definitions outlined by Hurley (2001) (excluding total integration) and any other 

form of integration that keeps the courses separate can be applied to the research studies 

examined in this literature review. 

 Many models, including Hurley’s (2001) model as mentioned above, have 

described curriculum integration as a range of methods. Davison, Metheny and Miller 

(1995) also identified five different types of integration but referred to them as: 1) 

discipline specific; 2) content specific; 3) process integration; 4) methodological; and 5) 

thematic. Furthermore, Berlin and Lee (2005) commented that there are a plethora of 

terms being used to refer to integration such as “connections, cooperation, coordinated, 

correlated, cross-disciplinary, fused, interactions,” (p. 18) etc. These terms and different 

methods mentioned earlier reveal that there are different “degrees of integration” (Berlin 

& Lee, 2005, p. 18). Therefore it is up to the teacher to decide which form of integration 

is appropriate for their class. MacMath (2011) argues that “if we do choose to spend time 

on the connections and integrated ways of problem solving, some other more traditional 
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subject-specific curriculum would likely be missed” (p. 16). This concern highlights the 

need for teachers to choose the appropriate form of integration so that they “do not 

trivialize concepts or fail to enhance student understanding of important ideas” (Mason, 

1996, p. 266). 

 While some researchers view integration of math and science as a method to 

deliver content (as mentioned above), some researchers view the integration as an end 

result. For example, Drake (2000) argues that the purpose of an integrated curriculum is 

to develop interdisciplinary thinking skills so that students can make connections 

between subject areas. Ultimately this would lead to students developing skills that are 

transferrable to solving problems in real-life situations. Venville, Sheffield, Rennie, and 

Wallace (2008) echo this thought and comment that “An integrated curriculum enables 

students to look toward multiple dimensions that reflect the realities of their experiences 

outside and inside school” (p. 860). Davison et al. (1995) make a similar argument 

regarding the importance of being able to make connections between math and science 

but also mention the end result of problem solving. Davison et al. argue that problem 

solving is a skill gained by integrating math and science so that students can formulate 

their own questions and find those answers. Furthermore, the students can interpret their 

work/data and determine which answers/values make sense, thus contributing to their 

critical thinking skills. Overall, as mentioned by Ackerman and Perkins (1989), the 

integration of math and science can lead to many positive outcomes such as improved 

thinking and learning skills, improved content retention, and that students can make 

decisions independently, both within the context and beyond the context of school.  



 

9 

 

Benefits of Integrating Mathematics and Science 

 Judson and Sawada (2000) examined a Grade 8 science class that integrated a 

statistics and science unit (with the use of technology) and found integration to have a 

positive effect on students’ achievement in their math class. Specifically, students in the 

experimental class (statistics integrated with science activities) scored higher on a 

statistics test when compared to the control class (traditional class with no science 

activities incorporated in the statistics unit). This study suggests that students require 

context to better learn and understand statistics. It is natural that science would provide 

such a context, given that so much of it contains applied mathematics.  

 MacMath (2011) examined a Grade 9 applied science class and a Grade 9 applied 

geography class (23 students in each class) that conveniently had the same students 

(school in Ontario). The two teachers of the classes worked together to make an 

integrated unit so that the topic of energy uses learned in geography could be connected 

to the electricity unit in science. MacMath (2011) found that when a science concept was 

discussed in an applied geography class and then later discussed in the applied science 

class, students were able to recall information and contribute to class discussion. 

MacMath argued that “by being able to contribute to class discussions, to recall 

information and be reinforced by their teachers in front of their peers, the students in 

these applied classes had the opportunity to experience feelings of personal mastery 

(Hey, I know this) on a daily basis” (p. 145)—thus increasing their self-efficacy. Having 

just learned about a concept and hearing that same language in the next class provided a 

safe space for students to risk contributing to the class. Although this study integrated 

science with geography, it demonstrates an important characteristic of curriculum 



 

10 

 

integration: students may feel more confident in a class if they are able to relate new 

topics to something they are already familiar with. 

 Ross and Hogaboam-Gray (1998) examined student outcomes from integrating 

mathematics, science, and technology in a Grade 9 class (located in Ontario). The study 

examined student achievement, attitudes and motivation. Motivation was defined as an 

indication of whether students approached tasks with a mastery orientation (the goal of 

learning something) or to another interpretations of motivation (e.g. impressing teachers). 

The study compared the results of an integrated class with a traditional class (no 

integration). Ross and Hogaboam-Gray described three benefits of integrating 

mathematics and science. First, they noted increased student motivation such that 

students in the integrated class “were more likely to approach school tasks with the goal 

of learning a new skill or concept” (p. 1130)—thus contributing to their mastery 

orientation. Ross and Hogaboam-Gray (1998) argued that the increased motivation may 

have been due to “the belief that students like some subjects more than others” (p. 1121) 

and thus “curriculum integration encourages students to access less favoured subjects 

through more favoured ones” (p. 1121). For example, students may be overwhelmed by 

the abstract problems in mathematics, and thus by integrating it with science—situations 

they may encounter in real life—students may be more motivated to learn. Second, Ross 

and Hogaboam-Gray found an increase in student achievement: students were better able 

to apply learning outcomes shared by math, science and technology. Finally, the 

integration allowed students to be more productive in group tasks because the tasks 

allowed students to be able to work on elements of more favoured subjects. 
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 Barab and Landa (1997) focused on interdisciplinary curriculum, a concept that 

appears to be fully congruent with integrated curriculum. Interdisciplinary curriculum 

tends to focus more on integrating different disciplines for a particular topic. For 

example, a topic about wolves (which can be discussed in biology or ecology) can entail 

a project that focuses on wolves but uses other disciplines such as mythology, art, dance, 

music, and history to accomplish the task. Therefore, interdisciplinary curriculum tends 

to focus on integrating different disciplines in a project, which is another form of 

integration that participants in my research study may be referring to in their responses. 

Barab and Landa (1997) examined the question on how teachers could reach students 

“whose neurological makeup and life experiences vary widely” (p. 52). The solution they 

provided “is that children learn by mobilizing their innate capacities to meet everyday 

challenges they perceive as meaningful. Skills and concepts are most often learned as 

tools to meet present demands rather than as facts to be memorized today in hopes of 

application tomorrow” (p. 52). Hence Barab and Landa believe that it is important to 

provide curriculum that students see as worth learning, to increase their motivation to 

learn.  

To support their claims, Barab and Landa (1997) commented that “the brain is 

continuously constructing meanings that are linked to the situations in which they are 

learned and used” (p. 52). Students need an anchor that will spark their interest and 

motivation to learn a particular concept. Barab and Landa found that students learning the 

content with an anchor “scored higher on achievement questions and evidenced more 

transfer of knowledge than did students who studied the information without the anchor” 

(p. 54). More importantly, these students were able to make connections among various 
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disciplinary concepts. Barab and Landa examined a variety of ways to integrate the 

different disciplines. For example, in a physics class about electricity, teachers were able 

to make connections to math, blueprint design, history, and writing. Overall, they found 

that interdisciplinary units motivated students to learn. At the same time, Barab and 

Landa also identified obstacles such as not having enough time to incorporate so many 

disciplines in one topic. This research provides an example of how teachers may use an 

interdisciplinary approach to integration to help motivate students to learn.  

 Kain (1993) examined past research in integrated curriculum with a focus on the 

benefits of the integration of curriculum. Consistent with other research, Kain argued that 

students may be motivated to learn through topics of interest to them (see also Barab & 

Landa, 1997; Ross & Hogaboam-Gray, 1998). For example, Kain described a study that 

consisted of students who found education dubious; however, once an integrated 

curriculum was introduced in their school, the students found the education to be more 

relevant and thus were more interested to learn. Kain concluded that integrated 

curriculum is a way to provide relevancy in topics learned—to increase student 

motivation—which may be lacking in the current educational system. Furthermore, Kain 

pointed out that students (in the study he examined) were not motivated to continue in 

further education such as college or university if they did not see relevancy in the topics. 

Therefore, the need for students to be motivated to learn is not only crucial for 

achievement in current and future courses, but perhaps also for students to pursue further 

education.  

 The previous research demonstrates that there are different types of integration. 

Drake (1998) noted that curriculum integration doesn't necessarily motivate students to 
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learn unless it is done correctly. For example, the right experiences need to be provided at 

the right time (i.e. providing activities that do not overwhelm students). These 

experiences also need to make connections with different disciplines for the brain to be 

able to process the information and make sense of the world—a common theme in many 

of the articles mentioned. Drake posited that “when students are challenged to move 

beyond memorizing facts, to pursue a topic in depth, and to see patterns and 

relationships, they are engaged in constructing knowledge rather than merely 

accumulating information” (p. 17). Drake noted there are multiple approaches on how to 

integrate curriculum. Given this, my research will endeavour to capture the different 

perspectives on how teachers integrate math and science to better understand which 

methods of integration work best.  

Barriers to Integrating Mathematics and Science 

 As described previously, curriculum integration of math and science can have 

positive effects on student learning. However, there are two types of barriers that need to 

be considered: 1) barriers of curriculum integration imposed on student learning, and 2) 

barriers of curriculum integration imposed on teachers. 

Barriers of curriculum integration imposed on student learning 

 Venville, Rennie, and Wallace (2003) conducted a study with Grade 9 students in 

an Australian school, in which “three teachers separately taught the science, mathematics 

and technology subjects and synchronized content so that the technology-based solar boat 

project integrated with the mathematics and science components” (p. 457). The study 

found that students used trial and error and advice from teachers as their source of 

problem solving, rather than actually attempting to apply the knowledge and skills 
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learned in the math and science classes to build the solar powered boat. Venville et al. 

revealed an important aspect of curriculum integration: it is important for teachers to 

evaluate the relationship between an integrated teaching approach and the specific 

learning outcomes desired. For example, Venville et al. used the project of building a 

solar powered boat as an opportunity to integrate math, science, and technology to further 

enhance the students’ understanding of current. However, Venville et al. commented that 

the students approached the project “in a pragmatic rather than theoretical way” (p. 472) 

perhaps due to lack of direction from the teacher (did not see the connection) or because 

the concept was too difficult to see with this integrated component. This revisits one of 

the concerns raised earlier regarding lack of content knowledge or integration skills 

possessed by teachers. Furthermore, some integrated units or learning strategies may 

overwhelm students.  

 In addition to the findings above, Mason (1996) mentioned that “some topics in 

mathematics are strictly mathematics” and “some ideas in science are best understood 

without introducing confusing or inconsequential subject matter” (p. 266). Although 

Mason has highlighted the potential integration has on the learning process for students, 

he mentioned that some ideas can and should be explained within a single content area. 

Perhaps “current” did not require the integration of math, science and technology as was 

explored in the previous study. 

Barriers of curriculum integration imposed on teacher 

 Currently, there appears to be a lack of integration of math and science curriculum 

(see Rennie et al. 2010). Yet there would seem to be natural opportunities for such 

integration. Math topics will arise in science lessons, especially physics and chemistry, 
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and thus it is important to understand the comfort levels of teachers addressing the math 

component in science classes. Previous research has examined the perspectives of pre-

service teacher candidates regarding integration of math and science and explored 

concerns regarding integration (Berlin & White, 2010; Frykholm & Glasson, 2005). 

Berlin and White developed an integrated teacher preparation program (integrates 

mathematics, science and technology education) and found that at the end of the 3-year 

program, pre-service teachers found the integration difficult and some were concerned 

about lack of content knowledge and skills to integrate math and science. Interestingly, 

“none of the pre-service teachers mentioned any barriers or challenges in their pre-

program statements” (p. 110). This suggests that some new teachers may be unaware of 

difficulties of integrating math and science or trying something new in general. Some in-

service teachers also share this concern of lack of content knowledge and skills to 

integrate math and science (see also Mason, 1996). Alev and Karal (2010) conducted a 

study with three math teachers and three physics teachers and concluded that the teachers 

found interdisciplinary studies necessary and useful “but they don’t have clear ideas how 

to do this” (p. 1561). Furthermore, Kiray and Kaptan (2012) found the lack of content 

knowledge and skills to integrate math and science as the most important barriers to 

successful integration. 

 The lack of content knowledge and skills to integrate math and science can result 

in the teacher avoiding an integrated component as much as possible. However, since 

math naturally arises in science topics, science teachers will still need to approach the 

math concepts in some way. McComas and Wang (1998) examined blending (i.e. 

integrating) science with different disciplines as well as with other sciences. They noted 
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that some teachers possessed low self-efficacy in being able to blend multiple disciplines, 

creating a barrier to integration. Bandura (1997) posited that students can develop high 

self-efficacy by learning from those with high efficacy, known as vicarious experience 

(modeling) and thus teachers’ self-efficacy can be closely related to students’ learning.  

Relevant Research 

 There is a body of research that is particularly relevant to my current research.  

In particular, research by Davison et al. (1995), Frykholm and Glasson (2005), and Berlin 

and White (2010) have similar purposes to my research study.  

 Although not addressing the benefits and constraints of science and math 

integration, Davison et al. (1995) provide a study that examines what integration of math 

and science really means. This study is relevant to my research study because it coincides 

with the first research question of “How do teachers integrate math and science in their 

classroom?” Specifically, Davison et al. provide five different meanings of integration of 

math and science which includes some of the different meanings I will explore with the 

in-service and pre-service teachers. The five particular meanings of integration Davison 

et al. discuss include the following: (1) discipline specific, (2) content specific, (3) 

process, (4) methodological, and (5) thematic integration. Along with the five different 

meanings, Davison et al. provide strengths and weaknesses to each type of integration. 

One of the goals of my research study is to examine whether the teachers in my study 

have similar views of what is integration as those mentioned in previous literature such as 

Davison et al.’s research or whether new ideas on integration surface. 

 

 Frykholm and Glasson (2005) used a qualitative research study to examine the  
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perspectives of pre-service teachers enrolled in an American University. The study took 

place in one of the courses in the pre-service teachers' program that immediately 

preceded the teaching practicum. It was completed in two successive years and included 

two cohorts (one per year) of traditional pre-service teachers: 34 prospective teachers (12 

science, 22 math) in the first year, and 31 (11 science, 20 math) in the second year. The 

two instructors for the course completed all phases of the data collection and analysis. 

The study provided its own innovative model for pre-service teacher education providing 

opportunities for pre-service teachers to see the connections between science and 

mathematics. Five groups consisting of five to seven pre-service teachers in mathematics 

and science were created based on the following content areas: biology, chemistry, earth 

science, physical science, and physics. Each group developed a curriculum project that 

connects science and mathematics concepts that they were then able to use in their 

practicum. The findings indicate strong support for integrating mathematics and science 

education and found that group collaborations amongst science and math student teachers 

worked very well. Overall, my research study has a similar purpose to Frykholm and 

Glasson’s study and will consider aspects such as including pre-service teachers and 

collecting written responses (through surveys) to questions on integration.  

 Berlin and White (2010) conducted a quantitative and qualitative research study 

with a similar purpose to my research study: to examine the attitudes and perceptions 

related to integrating mathematics, science and technology education of pre-service 

teachers enrolled in the MSAT M.Ed program (a five-quarter program leading to teacher 

licensure and an M.Ed. degree). Berlin and White examined value and difficulty scales of 

integration which will be the two scales examined in this research study.  
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 The main difference between my research study and the research performed by 

Frykholm and Glasson (2005) and Berlin and White (2010) is the type of teachers being 

studied and that my research will take place in Ontario. Including current practicing 

teachers, who are not included in the two articles discussed, allows the opportunity to 

examine the perspectives of teachers that may have already encountered some form of 

integration. In contrast, pre-service teachers may not have had this opportunity. 

Furthermore, the two previous research studies took place in the United States in 

Universities that include teacher preparatory courses that integrate math and science. 

Universities in Ontario do not incorporate an integrated math and science teacher 

preparatory course. Therefore it is beneficial for my research study to also examine in-

service teachers because as mentioned before, the pre-service teachers in Ontario may not 

have had the opportunity to learn or hear about integration. Nonetheless, when 

developing my research study, I considered sample size, survey design, analyses and 

other aspects of these two research studies.  
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Chapter 3 

Method 

 Both qualitative and quantitative research methods were chosen for this research. 

The qualitative analysis was conducted for two reasons: 1) to conduct a more in depth 

examination of perspectives of in-service teachers regarding the integration of math and 

science at the high school level; and 2) to develop the survey questions used in the 

quantitative portion of the research with pre-service teachers. This in turn enabled me to 

begin to examine potential similarities and differences in perspectives between in-service 

and pre-service teachers regarding the integration of math and science. The in-service 

teachers were more likely to have some experience with math and science integration and 

thus would be able to comment in more depth about it. In contrast, the pre-service 

teachers likely had little if any experience with such integration. I therefore posited it 

would be more beneficial to determine if the pre-service teachers agreed with the 

statements made in the interviews with in-service teachers. Hence a survey (which allows 

for a larger sample size) based on the views of in-service teachers was administered to 

capture pre-service teachers’ views. 

 Prior to conducting the study, ethical clearance from Queen’s University’s 

General Research Ethics Board (GREB) was obtained (see Appendix C). All in-service 

teachers consented to having their interviews audio recorded. The in-service teachers 

were assured that their names and schools would remain confidential. The surveys 

completed by the pre-service teachers were completed anonymously, thus it was not 

possible for them to withdraw their survey data once they submitted it. In recognition of 
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participants’ time, all participants were entered into a draw for a $50.00 gift certificate 

and one winner was chosen. 

Sample  

 The sample of in-service teachers consisted of twelve currently practicing 

teachers with various math and or/science backgrounds from two school boards in 

Eastern Ontario. These 12 interviews provided a diversity of views on integration, but no 

new insights were obtained during the last two interviews which indicates that 12 was a 

sufficient number of interviews. The sample of pre-service teachers included 81 teachers 

(31 with math and science background, 27 with math and no science background, and 23 

with science and no math background) from the Queen's University Bachelor of 

Education (B.Ed) program. This sample size is similar to that used by Frykholm and 

Glasson (2005) (65 participants) and Berlin and White (2010) (81 participants). The 81 

pre-service teachers were made up of students from a mathematics curriculum course and 

a chemistry curriculum course of the Queen’s B.Ed Program who self-selected to 

participate in the survey. I visited both math curriculum classes on the same day and then 

the chemistry curriculum class two days later due to time constraints. In total, 58 math 

pre-service teachers of the 64 in the mathematics class completed the survey, for a 

response rate of 91%, while 33 chemistry pre-service teachers of the 36 in the chemistry 

class completed the survey, for a response rate of 92%. (Note that ten students were in 

both the mathematics and chemistry class, thus yielding 81 participants in total.)  

Data Collection and Recruitment 

In-Service Teachers 

 Research applications were submitted to five school boards in Ontario, and four  
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applications were approved. The five school boards were chosen to examine perspectives 

of Ontario teachers, and to include a range of school boards from the Ontario region to 

capture unique experiences. Once a school board granted approval, principals and 

teachers were contacted by email to recruit willing participants. Teachers from only two 

of the four school boards agreed to participate. The data collection with the in-service 

teachers entailed individual semi-structured interviews, which were audio-recorded, to 

capture personal experiences of teachers with integration of math and science (see 

Appendix B for interview questions). The interviews were conducted either in person, 

over the phone, or on Skype. The interviews focused on 1) each participant's experiences 

with integrated curricula at the secondary school level, 2) each participant's view on 

possible barriers with integration, and 3) resources/factors that help facilitate integration. 

The semi-structured interviews provided an opportunity for new ideas to be discussed, 

and due to the nature of semi-structured interviews, individual questions may have been 

worded differently in each interview. Overall, the length of the interviews varied from 17 

minutes to 44 minutes (average length was 28 minutes). 

Pre-Service Teachers 

 The pre-service teachers were recruited from the Queen's Bachelor of Education 

program, with an acknowledgment that this represented a population of convenience. 

With permission from the curriculum instructors, I attended two math curriculum classes 

and one chemistry curriculum class to deliver a brief overview of my study, administer 

two integration activities, and allow the pre-service teachers to complete the survey at the 

end of the class. The two integration activities were implemented to provide students with 

a concrete example of my conception of integration and to allow the pre-service teachers 
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to experience integration if they had not already. The math curriculum classes 

participated in a parallax activity (incorporating an astronomy topic discussed in Physics 

or Earth and Space Science) and an activity involving growing beans/sunflowers in a 

math class, which incorporates a topic from biology. The chemistry curriculum classes 

participated in an activity that required them to mathematically model what happens to 

the foam of Coke, thus exploring exponential decay and chemical equilibrium processes. 

They also received an overview of the idea of how to discover a particle using particle 

cards and logical problem solving. The activities allowed me to test how their views on 

the activity affected their responses to the survey. However, all four activities had a mean 

score of less than 2.20 with respect to the difficulty of observing the connection between 

science in math in that activity, which means these pre-service teachers generally did not 

find it difficult to see the connection between the math and science. 

 My explanation and two activities took about 15-20 minutes to complete. Then 

the pre-service teachers had about 15-20 minutes to complete the survey. Both the 

activities and survey completion were optional. The pre-service teachers who completed 

the survey were invited to volunteer to participate in a 1-hour focus group held a few 

weeks later. Eight pre-service teachers initially signed up for the focus group, but only 

three followed through. The focus group provided the opportunity for these pre-service 

teachers to explain their choices in the survey and identify any other barriers not 

mentioned in the survey. Since the pre-service teachers likely have little experience with 

integration, they benefitted from being able to hear other opinions in the focus group and 

critique or build off of what others had to say. The focus group was semi-structured, 

audio-recorded and lasted about 40 minutes in length. 
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Instruments 

Interview Guide 

 To “ensure that the same basic lines of inquiry are pursued with each person  

interviewed” (Patton, 2002, p. 343; see Appendix B), an interview guide was developed 

in consultation with my supervisor, Dr. Don Klinger. The interview guide was developed 

with an emphasis on exploring experiences and examples of integration as well as 

benefits and constraints of integration to fulfill the research questions presented in this 

study. Once the research questions were developed, fellow colleagues reviewed the 

interview questions and provided feedback. The same interview guide was used for the 

semi-structured interviews with in-service teachers and the focus group with pre-service 

teachers to allow the comparison of responses between the different groups of teachers. 

Survey 

 The survey for the pre-service teachers consisted of the following components: 

demographics, an open response question, responses regarding their perceptions of the 

two activities presented in their curriculum class, Parts A-F (difficulty, value, frequency, 

perspectives, implementation, and barriers), three “yes” or “no” questions to establish 

their general view of integration, and finally a 16-item, five-point semantic differential 

using bipolar adjectives.  

 The demographics were used to conduct the quantitative analyses (see Chapter 4) 

while the open response question, “What does integration of math and science mean to 

you?” was used to address the first research question as well as to examine whether there 

were any responses that indicated the pre-service teacher did not understand what is 

integration of math and science. The responses regarding their perceptions of the two 
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activities presented in their curriculum class were used to examine how effective the two 

activities were to providing examples of what is integration of math and science to ensure 

pre-service teachers responding to the survey had a concrete example of what integration 

could look like. 

 Parts A-F, which entailed 5-point Likert Scale questions, addressed Research 

Questions 2 and 3. The series of 5-point Likert Scale questions pertained to the difficulty, 

value, frequency, perspectives, implementation, and barriers of integrating math and 

science (Parts A through F, respectively). These survey questions were developed using 

the interview responses with the in-service teachers. However, to strengthen the validity 

of the survey, the last part of the survey consisted of a 16-item, five-point semantic 

differential using bipolar adjectives, which was drawn from Berlin and White’s (2010) 

research. Berlin and White used 20 bipolar adjectives, 16 of which were chosen for this 

study because they corresponded well to value and difficulty of mathematics and science 

education integration. To further strengthen the validity of the survey, the open-response 

question mentioned above, similar to Berlin and White’s (2010) research (excluding the 

term technology), was asked at the beginning of the survey: “What does integration of 

math and science mean to you?” This question allowed the pre-service teachers to define 

integration, which in turn helped ensure that their responses were in line with the 

definitions being explored in this study. The structure of the survey and reasoning for the 

selected items in Parts A-F and the 16-item, five point semantic differential using bipolar 

adjectives is outlined below.  

 For the difficulty scale (Part A), perceptions were collected regarding the 

difficulty of implementing integrated curriculum in lectures, class activities, assignments, 
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tests, and projects as well as the difficulty of engaging students to participate in an overall 

integrated teaching style approach. This section was expected to shed light on the areas 

where integration is easiest or most difficult to implement. The next question dealt with 

scheduling: pre-service teachers were asked how difficult it is to implement integration 

on a daily, weekly, monthly, or semesterly basis. Drake (1993) discusses many barriers to 

an integrated curriculum and commented that one of the issues with an integrated 

curriculum is that there is not enough time in the school day for integration. Therefore, 

this question is important to see if the survey group shared this perception. Vagias (2006) 

has compiled Likert-type scale response anchors that have been validated and thus his 

five-point scale for the level of difficulty was used. His five response anchors for the 

level of difficulty are the following: (1) very difficult, (2) difficult, (3) neutral, (4) easy, 

and (5) very easy.  

 Part B of the survey refers to the value scale and consisted of similar questions as 

mentioned for the difficulty scale but with “difficulty” replaced with “value.” The 

purpose of the value scale was to capture the different teaching styles present in the 

different groups of pre-service teachers. For example, a certain group may value 

integration in different aspects such as in class activities that would demonstrate a more 

problem-based learning approach. Frykholm and Glasson (2005) in their study 

commented that “in most cases, the student teachers discussed the value of using science 

to provide real world examples of instances in which mathematical tools and principles 

were relevant” (p. 135). The results of their study indicated that while student teachers 

viewed integration as difficult, they also perceived it as valuable; as such, it is important 

to consider both the value and difficulty scale. To get a better insight as to why teachers 
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may see integration as valuable in the classroom, additional questions pertaining to the 

value scale were asked. These questions addressed the value of integration for the 

following: student success in that course, to motivate students to further pursue science 

and math courses, and to improve self-efficacy in math problem solving. Some 

researchers have found an increase in self-efficacy and motivation with an integrated 

curriculum (see Ross & Hogaboam-Gray, 1998; MacMath, 2011), which is why these 

additional questions were asked. The five response anchors for the level of value are the 

following: (1) not valuable, (2) low value, (3) neutral, (4) valuable, and (5) very valuable.  

 Part C (frequency) was similar to parts A and B except it addressed how 

frequently the pre-service teachers implemented integration during their placement or 

other teaching experience regardless of how difficult or valuable they saw it. There were 

two questions to address the frequency of integrating math and science in lectures, class 

activities, assignments, tests, and projects in a math class and science class. The five-

point Likert scale consisted of Vagias’ (2006) responses: (1) never, (2) rarely, (3) 

sometimes, (4) often, and (5) always. 

 Part D examined perspectives on five independent statements referring to the 

integration of math and science (see Appendix A for the five statements), which surfaced 

during the interviews with the in-service teachers. Part E of the survey examined pre-

service teachers’ perspectives regarding the grade(s) in which math and science should or 

should not be integrated, and what aspects of math and science are most valuable and 

difficult to integrate. These statements were inspired by responses made by in-service 

teachers during their interviews. Part F asked participants to rate their level of agreement 

with seven statements pertaining to barriers to integrating math and science at the high 
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school level. These seven statements also surfaced during the interviews with the in-

service teachers and were independent of each other. 

 As mentioned earlier, the 16-item, five-point semantic differential using bipolar 

adjectives was developed using Berlin and White’s (2010) 20 items. The 16 items (see 

Appendix A) were chosen to measure the attitudes and perceptions related to the concept 

of how difficult and valuable is math and science integration. The pre-service teachers 

could circle 1 to 5 for each of the 16 items, where 1 referred to difficult or low value 

while 5 referred to easy or high value (depending on whether the item addressed 

difficulty or value).  

Data Analyses 

 The data analyses occurred in two stages. The first stage required the analysis of 

the 12 interviews with the in-service teachers. This was then used in the development of 

the survey to be administered to the pre-service teachers. All interview data were 

transcribed verbatim into Microsoft Word. After transcribing all 12 participants’ 

interviews, I began the process of analyzing the data. An abductive analysis approach 

was conducted which uses initial themes supported by other research studies as the 

starting point of the analysis and allows other themes to emerge. The abductive analysis 

approach used benefits and constraints of integration as the two initial themes to not only 

explore aspects of these two themes, but also to discover other emergent themes and 

patterns. Codes were assigned to responses from the teachers and other themes were 

identified to better organize the data. When reading the transcript of interview responses, 

an iterative process (repetitive review of responses) was used to confirm themes as well 

as to collapse or merge themes. In the end, four themes were identified to provide a 
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framework for the analysis: 1) teachers’ conceptions of what it means to integrate math 

and science; 2) apprehensions and concerns about integrating math and science; 3) 

solutions and necessary resources to better integrate math and science; and 4) effects of 

integrating math and science on student learning. Within each theme, responses are 

grouped into two to four categories associated with each theme to help further organize 

and structure the analysis of each theme. The findings within each theme address one or 

two of the research questions in this study. 

While completing the initial analysis of the interviews, I began to develop the 

survey with the barriers, concerns, and perspectives I found in the interviews. After I 

completed the survey and collected the survey data, I subsequently returned to my 

analysis of the interviews and completed the analysis, which consisted of revisiting the 

transcribed data and reading through it again to see if I missed any other themes. 

 A quantitative analysis was conducted for the next part of the research study to 

examine when and how integration is difficult and/or valuable, which addresses research 

Questions 2 and 3. The quantitative data consisted of the survey responses from pre-

service teachers. Furthermore, the quantitative data examined if there were differences in 

perspectives regarding the integration of math and science at the secondary school level, 

which addresses part of the second research question. Furthermore, these data were also 

used to identify discrete groups for subsequent comparisons.  

 To address Research Questions 2 and 3 regarding when and how integration is 

difficult and/or valuable, descriptive statistics (frequencies, means and standard 

deviations) were calculated for each question in the survey (see Appendix A for item 

level descriptives). This was done in order to provide an overview of the distribution of 
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responses without considering the pre-service teacher candidates’ backgrounds (see 

Appendix A), to establish a general picture of when and how is integration valuable and 

difficult. The majority of pre-service teachers answered that they had seen integration but 

had not been taught how to integrate.  

 Inferential statistics were then computed to investigate whether or not there was 

any difference in perspectives regarding the integration of math and science at the 

secondary school level based on the pre-service teachers’ teaching background. Statistical 

Program for the Social Sciences version 22 (SPSS v.22) was used to compute all 

descriptive statistics and conduct all inferential analyses. The purpose of conducting 

analyses that examine perspectives independent of teaching background and perspectives 

dependent on teaching background is to establish an overall view of integration and then 

to further explore the differences in views between teachers.  

 To determine if there was a significant difference between the groups of pre-

service teachers (based on teaching background), a one-way ANOVA was conducted. 

However, to create a more robust outcome measure to compare the groups, combinations 

of items that seemed similar were combined into a single scale. Tabachnick and Fidell 

(2007) recommend factor loadings above 0.3 as an acceptable measure for inclusion of 

items within a factor. The internal consistency of the responses for the items within each 

scale were measured using Cronbach’s alpha. Values above 0.70 are considered an 

acceptable measure of internal consistency (Nunnally, 1978). If the reliability of 

Cronbach’s alpha was above 0.70, a new variable was created based on this new 

combination and a one-way ANOVA was conducted. For items that could not be 

combined to create a new variable, a Pearson Chi Square analysis was completed for the 
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individual items. Since the responses were recorded on a 5-point Likert Scale, to conduct 

the Pearson Chi Square analysis, the 5-point Likert scale was recoded to 0 or 1. The code 

associated with 0 or 1 depended on the item and thus will be further elaborated upon in 

Chapter 4. For those items on which a one-way ANOVA or Pearson Chi Square analysis 

could not be conducted, descriptive statistics were used to analyze the data. The analysis 

(see Chapter 4) is organized according to each section and question on the survey. The 

reasoning behind which tests were used to analyze the data is also included in Chapter 4. 
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Chapter 4 

Results 

As mentioned in Chapter 3, the purpose of my research study was to determine 

the potential constraints and benefits of integrating mathematics and science in Ontario’s 

secondary schools based on the perspectives of five different groups: 1) in-service 

teachers who teach both math and science; 2) in-service science teachers with only math 

or science (but not both) as a teachable subject; 3) pre-service teachers with math and 

science teachable subjects; 4) pre-service math teachers with no science teachable 

subjects; and 5) pre-service science teachers with no math teachable subjects. Both 

qualitative and quantitative research methods were used to address the following research 

questions:  

1. How do teachers integrate math and science in their classroom? 

2. When is integration difficult and what kinds of resources/factors do teachers 

believe help them overcome these difficulties to integrate math and science? 

3. What is valuable about integrating math and science and when is integration 

valuable?  

This chapter is organized sequentially according to the qualitative and quantitative 

methods and around the three research questions. The chapter begins with findings from 

the qualitative analyses of the 12 interviews, followed by the results from the surveys, 

which included one qualitative question and multiple quantitative questions. 
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Qualitative Analysis with In-Service Teachers 

 Participating teachers were sampled from two school boards in Eastern Ontario. 

Table 1 provides demographic information for the teachers interviewed, and Table 2 

provides background information on each individual participant. As presented in Table 1, 

the majority of the teachers interviewed had both a math and science background; only 

two science teachers lacked a math background and one math teacher lacked a science 

background. Furthermore, the teachers interviewed had a minimum of eight years of 

teaching experience (see Table 1). Each participating teacher was assigned a code 

(pseudonym) based on a number from 1 to 12 prefixed by the letter T (indicating a 

practicing teacher). Direct quotations in the analysis refer to these 12 participants using 

their pseudonym. Responses given and words used by teachers will be included to 

provide examples to further explain each theme.  

Table 1 

Demographics of In-service Teachers (current practicing) in the Study (n=12) 

Demographic # of Teachers 

Gender  

Female 5 

Male 7 

Teaching Background   

Math and Physics  7 

Math and Biology 2 

Math and No Science 1 

Biology/ Chemistry 2 

Years Teaching  

8-12 years 4 

13-17 years 6 

20 + years 2 
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Table 2 

Background Information on each In-service Teacher (current practicing) Interviewed 

Teacher Gender Teaching Background 
Years 

Teaching 

T1 M Engineering, Math Teacher but taught 2 years science 

(physics) as well, Math Department Head 

15 

T2 F Science Teacher (Biology and Chemistry), Primarily 

Senior Biology courses 

25 

T3 M Math and Physics Teacher 

Math Teacher (6 years), Science Teacher (15 years) 

15 

T4 M Business for 15 years, Math and Biology Teacher 17 

T5 F Math and Biology (Major), Science Department Head 13 

T6 F Environmental Engineering, Math and Physics Teacher, 

Taught Chemistry, Head of Science Department 

8 

T7 M Mechanical Engineering, Math and Physics Teacher 

Honours Specialist in Math Technological Design ABQ 

8 

T8 F Mechanical Engineering, Math and Physics, French 

Immersion 

12 

T9 M Physics and History Degree, Physics and Math Teacher 8 

T10 F Honours in Biology, Minor in Chemistry, AQ in Math  20 

T11 M Engineering Physics Degree, Math and Physics Teacher 16 

T12 M Math Teacher, Math Coach 17 

 

Categorization of the Codes 

 As previously mentioned in Chapter 3, to address the purpose of the study, an 

abductive analysis approach was conducted using benefits and constraints of integration 

as the two initial themes to not only explore aspects of these two themes, but also to 

discover other emergent themes and patterns. Four themes were identified to provide a 

framework for the analysis: 1) teachers’ conceptions of what it means to integrate math 

and science; 2) apprehensions and concerns about integrating math and science; 3) 

solutions and necessary resources to better integrate math and science; and 4) effects of 

integrating math and science on students’ learning. Within each theme, responses are 
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grouped into two to four categories associated with each theme to help further organize 

and structure the analysis of each theme.  

Thematic Representation of the Results 

Theme 1: Teachers’ conceptions of what it means to integrate math and science 

 Two operational definitions of integrating math and science emerged from the 

interviews: 1) making a connection between math and science concepts and topics, and 2) 

teaching math and science separately but with an inquiry-based learning approach. These 

two operational definitions provided the framework for this theme. Davison et al. (1995) 

previously examined five different meanings of science and math integration and found 

there was no agreement on how integration of math and science should be defined; hence 

it is no surprise that separate operational definitions of science and math integration 

surfaced during the interviews. Although one of the interview questions did specifically 

ask teachers to define integration of math and science, teachers’ conceptions of what it 

means to integrate math and science also emerged through the responses to other 

questions.  

Making a connection between math and science concepts and topics 

 The majority of the interviewed teachers responded that the integration of math 

and science was a way to connect math and science topics to better understand each topic. 

As one teacher commented, “math seems to be dry for some kids” (T8), and thus the 

integration of science with math could help spark students’ interests. Furthermore, 

teachers noted that math lacked meaning for some students and the addition of science 

gave meaning to the math. For example, a common response from the teachers was the 

need to collect data to be used to plot graphs and look for trends as opposed to getting 



 

35 

 

numbers from a textbook. One example (T8) was the idea to grow beans or sunflowers in 

a Grade 9 or 10 math class to allow students to collect and work with their own data. In 

the science classroom, a key example mentioned by the majority of teachers was 

calculating density in Grade 9 and how this integrated math and science. Science units 

consisting of Ohm’s Law and calculating voltage and current were other examples 

highlighting the need to revisit math to make a better connection between the two. These 

examples emphasize the use of math and science to complement each other.  

While these examples are very simple examples of integration in a science 

classroom, the point is that by simply highlighting the areas of science in which math is 

useful and necessary, and focusing to an extent on the math itself, teachers helped 

students to better appreciate the ties between math and science and to put their learning in 

context. However, there were other more in depth examples of integration mentioned. 

One such instance was a lesson in which students measured the foam from soda in a 1000 

mL graduated cylinder and created an exponential decay model for it. This example 

incorporated a mathematical model into a science phenomenon and provided an 

opportunity to explore why the bubbles of the soda (popping) followed that model (using 

physics and chemistry topics).  

 The majority of the teachers (7 of 12) I interviewed had a physics background; 

hence it was not all that surprising that these teachers believed that most of what was 

done in physics was math and that the two were closely linked. Of more interest, teachers 

without a physics background (including those with a math background and those without 

a math background) shared similar beliefs. This idea is consistent with the often used 

definition that integration of math and science means to integrate the two topics in a 
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lesson. Participant T11 commented that as physicists, “we don’t just want to describe the 

phenomenon; we want to measure the phenomenon and predict what might come next. So 

putting math and science together and seeing a natural relationship... is important.” For 

this math and physics teacher, math provides an analytical framework to investigate 

physics problems instead of by observation. Thus physicists can use formulas to express 

science phenomenon and essentially use math as a measurement tool in science classes.  

This method of integrating math and science—using math to provide an analytical 

framework to investigate science problems—also resonated with a science teacher with 

no math background who commented that “I try to encourage kids to treat math as a tool 

to do science” (T2). Such statements suggest that for at least some teachers, integrating 

math and science is more than just using concrete examples such as those mentioned 

earlier. Rather, math can be used to provide an analytical framework to investigate 

science problems, which promotes the idea that “math is a tool so that we can do our 

science” (T5) and “math is the language that we use to describe [scientific] relationships” 

(T11). For example, participant T11 commented that “it’s not an algebraic world out 

there - it’s a scientific world and there are relationships that happen and math is the 

language that we use to describe those relationships.”   

 Overall, teachers commented that the integration of math and science is the result 

of making a connection between math and science concepts and topics using specific 

examples, considering math as a tool in science to provide an analytical framework to 

investigate science problems or recognizing that math is an important language used in 

science. These comments align with the first operational definition of science and math 

integration, in which teachers see integrating math and science as connecting math and  
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science topics and concepts to achieve a learning goal.  

Teaching math and science separately but with an inquiry based learning approach 

 A second operational definition of math and science integration was associated 

with separating the two subjects but using an inquiry-based approach that would naturally 

require both science and math. The different barriers associated with integration were at 

least partially responsible for the use of this operational definition. Teachers using this 

definition perceived scheduling and curriculum challenges that would limit integration of 

math and science. They adopted the idea that integrating math and science was more of a 

way to use the same inquiry-based learning approach or scientific method to solve 

problems in the math and science classrooms. For example, T6 mentioned that when 

creating math assignments, “I use a similar format to what I would use for a science lab 

experience.” She further noted that she did not necessarily use science topics but did use 

investigating, making predictions, and creating a hypothesis—essentially using a 

scientific method approach—in the math classroom. Furthermore, some teachers 

suggested the need to have inquiry based tasks in the math classroom similar to those 

used in the science department. Teachers also talked about non-science topics to 

demonstrate a scientific method approach to solve math problems. For example, 

participant T4 described scientific approaches in the math classroom as “bringing in 

water bottles and drilling holes at the bottom of [them] and letting the water drain out and 

getting data” or “drilling a hole in the side of [a car tire] and monitoring the air escape.” 

 This form of integrating math and science suggests an alternative way of 

integration that does not involve science but involves scientific investigation of activities 

to promote inquiry-based learning. This can be seen as a solution for some teachers who 
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noted their lack of science skills or resources or other barriers to introducing science in 

the math classroom. However, it is important to note that some teachers thought “the 

methods that we typically use in science for solving a problem are just a little bit different 

from the methods that [math teachers] would typically use in a math program” (T3). Such 

statements do suggest that for at least some teachers, this type of integration of using a 

scientific method approach is problematic. On the other hand, some teachers adopted 

both the first and second operational definitions discussed in this theme. 

Theme 2: Apprehensions and concerns about integrating math and science  

 The following four main categories concerning the barriers to and apprehensions 

about integrating math and science emerged from the interviews:  

1. Lack of collaboration between and within departments  

2. Lack of resources to facilitate integration of math and science 

3. Scheduling and time table conflicts 

4. Lack of comfort levels and qualifications 

These four categories were not found in every participant’s interview data; rather, the 

four categories provided a framework to examine the different apprehensions and 

concerns about integrating math and science discussed by different teachers. The first 

category examined the lack of collaboration, which may indicate that integration of math 

and science may not be a high priority for some teachers. The second category examined 

the lack of resources, which, unlike the first category, suggests that teachers would be 

interested in integration if they had a budget to run science activities in their math class or 

if they had a manual explaining step by step how to integrate math and science. The third 

category addressed the structural effect of timetables and curriculum documents that the 
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teacher cannot directly change. Lastly, the fourth category arose from Participant T3’s 

comment that “in theory [integration] is a good idea, but I think in practice… the 

strengths exist in terms of people’s comfort levels and qualifications to sort of make it a 

reality,” suggesting that additional professional development in integration could be a 

solution to address this barrier.  

 As one teacher noted, “I think all of us know how cool it would be to do more 

integration and their hearts are in the right place but the reality... that if they’re going to 

put all the effort in is it going to pay off, that’s the tricky part” (T12). This response 

highlights that some of the barriers exist because some teachers may not want to find the 

time to collaborate with other teachers, find resources, or try integration regardless of 

comfort level if they are not sure if it will be successful. Overall, this theme addresses the 

second research question, “when is integration difficult and what kinds of 

resources/factors do teachers believe help them overcome these difficulties to integrate 

math and science?” 

Lack of collaboration between and within departments 

 Some teachers noted a lack of collaboration between and within departments. 

Others pointed out that the math and science offices were separate, resulting in little 

communication between the two departments. In terms of professional development days, 

one teacher noted that these are usually not subject specific, and this provides little or no 

scheduled time for departments to sit down together and discuss opportunities for 

collaboration. As participant T11 commented, there is a need for “brainstorming time” 

with teachers. Collaboration is fundamental to create rich learning tasks—whether it 

includes integrating math and science or not—and to pass on ideas amongst each other. A 
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lack of collaboration could be a “personal thing on who goes and talks to who” (T2) due 

to comfort levels associated with teachers being able to talk to others for help. A lack of 

collaboration could also suggest that some teachers see integrating math and science as 

low priority and thus do not make the time to meet with other teachers to develop 

integrating activities. However, an alternative explanation is that some teachers may 

prioritize integrating math and science and to accommodate the lack of collaboration due 

to time, they “Google it online and find activities” (T6). 

Lack of resources to facilitate integration of math and science 

 Some participants mentioned the lack of funding to allow science demonstrations 

in a math class. Participant T1 mentioned that equipment like “probe-ware” is expensive 

but a useful tool to demonstrate real life demos in the classroom and to collect your own 

data. The lack of such materials in the math classroom becomes a resource barrier to 

integration. Most teachers mentioned that they create all of their examples and activities 

or they use the internet to find these activities. However, the majority of teachers 

mentioned they were not aware of a book or resource that integrated math and science. 

Furthermore, the ministry curriculum documents lack direction on how to integrate math 

and science. Participant T6 mentioned that “most of what I do is informal” and thus the 

lack of formalized instruction on how to integrate math and science can be seen as a 

barrier to some teachers. On the other hand, participant T12 stated that, “I think there are 

resources out there, but like any of the resources you’ve got to make a commitment to 

want to do it and the time to actually spend time doing it.” This response suggests that 

even if some teachers had access to resources, they may not integrate math and science. 
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Scheduling and time table conflicts 

 Participant T5 stated that, “because science and math are two difficult courses for  

the Grade 9s, they will give them to them in separate semesters.” As a result, some 

students avoid having math and science in the same time block (separate semesters). A 

positive outlook on the separate time blocks is that it may provide lighter school loads in 

terms of science and math; however, this separation can negatively impact opportunities 

for integration. For example, if a student takes science first semester and math second 

semester in Grade 10, then students will use “sine for Snell’s Law before we get the 

chance to do trigonometry in math class” (T8).  

Participant T3 further noted that even the “units might not line up at all so... I 

don’t think in practice it [integration] happens much at all.” These two statements were 

echoed by other teachers interviewed and suggest that both the semestered system and the 

curriculum documents do not readily accommodate integration of math and science. This 

suggests that teachers need to take a more active role in creating opportunities for 

integration, talk amongst each other to know what topics are being covered in their math 

and science classes, and schedule units that complement each other. An interesting point 

is that many of the teachers provided examples for Grade 9 and 10 classes, suggesting 

that more topics could overlap between the math and science classes in Grades 9 and 10 

as opposed to Grades 11 and 12. 

Even if classes were better organized in terms of timetables and curriculum 

alignment between both subjects, some teachers thought that “the science curriculum is 

so jam packed that it’s difficult to find the time to do that teaching of the math concepts” 

(T5). Many of the teachers talked about math tricks they use in the science classroom. 
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For example, some teachers taught the students the “triangle method” to solve for density 

or Ohm’s Law (a method used to quickly solve equations of the form a = b * c for any of 

the three variables) because there was not enough time in the curriculum to review math 

concepts such as rearranging a formula. Teachers mentioned they would have liked to 

spend more time reviewing math concepts while teaching science but sometimes there 

was no time and so they had to resort to giving them math tricks to remember how to 

solve something. 

Lack of comfort levels and qualifications 

 Participant T3 stated that “I don’t know if a lot of the time [teachers] know the 

connections that exist in the curriculum.” Participant T3, a math and physics teacher, 

believed that some math teachers “understand the math but they might not know where 

this is actually used.” Such comments address issues that arise when math teachers do not 

have a science background, and therefore find it difficult to integrate science topics into 

their math lessons. Similarly, teachers mentioned that a barrier for science teachers is 

“their comfort level with math” (T5). This challenge would be even more of an issue in 

elementary schools, a commonly argued point in relation to integrating math and science 

at lower levels. However, low comfort levels with math may still be evident in secondary 

schools especially in Grades 9 and 10 science courses because “there’s a lot of stuff there 

that’s outside of everyone’s area because they are survey courses” (T2). The addition of 

math in these classes would create further challenges for such teachers. Furthermore, “if 

you weren’t comfortable with it, you would not look for those opportunities” (T3). 

 Teachers have varying strengths and weaknesses and come to the school with 

different teachable subjects; therefore, it is not a surprise that some teachers may lack 
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math or science skills or overall integration skills. However, the majority of the teachers 

interviewed in this study commented that they felt comfortable with both math and 

science and commented that they could see it as an issue if they were not comfortable 

with either math or science. It is not clear the extent to which math skills prevent such 

integration. As noted by participant T10, “I really haven’t come across many if any 

science teachers that didn’t have strong math skills so I can’t say I’ve ever seen that a 

problem.” Perhaps the barrier of lacking science or math skills more of a perspective than 

a personal experience.   

Theme 3: Solutions and Resources to better integrate math and science 

 Solutions and resources to better integrate math and science is a theme that 

emerged to complement the barriers outlined by the teachers. The following three 

categories emerged to provide a framework for this theme to examine the different 

solutions and resources identified by teachers: 

1. Networking and collaboration across disciplines 

2. Introducing a structure that formally integrates science or math 

3. Use of technology  

The main solution outlined by the majority of teachers I interviewed, within the first 

category, was to talk to other people—whether it be within the school, with teacher 

candidates, or on online forums. The second category steers toward “changing the views 

and changing the system just to make sure that it’s all integrated” (T6), which can be 

accomplished by formalizing integration. The third category is the use of technology to 

integrate math and science. 
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Networking and collaboration across disciplines 

 Although many of the teachers pointed out that lack of collaboration is a barrier,  

many of them also mentioned collaboration as the solution. “Teachers have to be brave 

enough to go to someone and say I don’t know how to do this and then take advantage of 

the resources—the personnel in the building because there’s lots of experience in these 

buildings” (T2). Participant T2, a science teacher, mentioned that the teachers in her 

department do collaborate with the math department because the math teachers want to 

help and make sure that math concepts are being taught correctly and with the same 

language in science classrooms. Other teachers admitted that they do not collaborate with 

other departments, “I spend a lot of time in the math department and not so much with the 

science department” (T8) but “having some cross-departmental would be really helpful” 

(T8).  

Networking and collaboration across disciplines was the most popular response 

by teachers but again it was also a barrier for many. Therefore, a scheduled block for 

networking and sharing ideas during professional development days or scheduled 

meetings at the end of every month could be a direction to help find time for teachers to 

discuss integrating math and science activities. Participant T8 mentioned that about five 

years ago, there would be scheduled meetings with math teachers (including Grade 8 

teachers) to talk about how to make math more fun, but that it does not happen anymore. 

However, participant T8 also commented that collaboration should happen “more 

naturally rather than being forced to find each other,” suggesting that if teachers want to 

integrate math and science, they will look for opportunities to network to get ideas. 

Therefore scheduled meetings may help some teachers but for others it may not 
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encourage them to integrate math and science. Alternatively, “it's knowing the problems 

that will work” (T4) that will encourage teachers to try to integrate math and science. 

Therefore, collaboration and networking time may be part of the solution but some 

teachers may require evidence that the ideas and activities they come up with through 

meetings and networking will be successful in the classroom.   

Introduce a structure that formally integrates science or math 

 “Understanding each other’s curriculum would be really valuable to make  

integration a lot more manageable, but even if I knew what their curriculum exactly was, 

does it line up?” (T12). As noted earlier, curriculum alignment is an issue and an 

excellent thought about whether the math and science curriculum documents line up. No 

teachers mentioned that perhaps the curriculum documents should be rewritten to align 

some of the math and science expectations; perhaps an unrealistic endeavour. Instead, 

teachers provided other solutions that could formally integrate math and science without 

the need to rewrite the curriculum documents. 

 Some teachers expressed that Grade 9 and 10 math and science curricula line up 

in some aspects such as with quadratic equations, slope, density, Hess’s Law, and Ohm’s 

Law, while it is more difficult to find overlaps between Grade 11 and 12 math and 

science courses. Instead, participant T6 suggested that “having some networking with the 

senior classes would be an asset” because senior science teachers could ask Grade 10 

math teachers what they taught so that the science teacher could “make references back to 

it” and provide a smooth transition into the senior science class. A possible structure for 

integration would be to have “more direct integration in Grade 9 and 10” (T6) where the 

curricula seem to have overlaps. In the senior grades, on the other hand, a more informal 
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approach could be taken whereby teachers network with each other to find references 

they can make to the junior classes in their senior classes. It is important to note that 

some teachers did provide examples of integration in the senior classes, such as in Grade 

11 and 12 Chemistry that are “very calculations heavy courses” (T2). For example, 

students need to do “the negative log of a hydrogen ion concentration” (T2) to find pH. 

Such statements do suggest that some teachers have found overlaps in the senior science 

classes, but they may be referring back to math topics that students learned in Grade 9 

and 10 math classes.  

 Teachers expressed that they knew math is found in science but “having examples 

on how to do it” (T5) and having “scientific ideas that link to the courses that I’m trying 

to teach on the math side” (T5) would be helpful. Therefore, “bringing in something that 

would be integrated formally” (T6) could help with the integration. For example, if 

integrating math and science was implemented in the schedule perhaps twice a month (a 

common response to how often participants integrate math and science) and there was a 

bank of activities to choose from, this could be a possible solution. Some teachers 

suggested the following activities: 

1. Growing beans in a Grade 9 or 10 math class to graph and extrapolate data 

2. Exploring the exponential decay of foam from pop in a chemistry class 

3. Using swing pendulums and motion detectors in math or science classes to graph 

and measure amplitude and periods 

4. Density labs in science class 

5. TIPS resource for Grade 9 Math (Ontario Ministry of Education document) 
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6. A cartoon guide to physics (conceptual physics by Huet), which uses cartoon 

characters to illustrate physical principles and to teach simple math 

Use of technology 

 While a lack of funding was a barrier to integrating math and science, some 

teachers suggested using gizmos or PhET (Physics Education Technology) interactive 

simulations, online activities that allow students to run experiments that they may not 

necessarily be able to conduct in the classroom. Participant T1 mentioned that he used 

gizmos in his math classes to explore certain science topics such as Hooke’s law. 

Furthermore, if teachers have access to motion sensors and probe ware, students can 

collect their data and use it in their math class. Participant T2 mentioned that using 

calculators properly in the science class is also a fundamental math skill that needs to be 

revisited. Students need to be able to use math as a tool correctly, which extends to 

knowing how to use tools like calculators in addition to having a conceptual 

understanding of math. 

 As mentioned earlier, lack of collaboration and time to collaborate was another 

barrier, and thus teachers suggested that the “internet is bridging that gap every day” 

(T9). Resources like “Dan Meyer’s website” (T9) and YouTube channel “Vi heart” 

(T11), which finds connections to math and all kinds of patterns, are two examples of 

online resources. Overall, gizmos, PhET simulations, motion sensors, probe-ware, 

calculators, YouTube videos and the internet are ways using technology to integrate math 

and science in the classroom. 

Theme 4: Effects of integrating math and science on student success 

 The fourth theme included positive and negative outcomes of science and math  
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integration on student success, addressing what is valuable about integrating math and 

science and when is integration valuable. The following three categories emerged from 

the interview data: 

1. Students are “able to articulate back to me in concepts rather than in algorithms” 

(T1) 

2. Finding a balance between math and science to avoid overwhelming students 

3. Behaviour issues and integration activities  

Students are “able to articulate back to me in concepts rather than in algorithms” (T1) 

 A common response from teachers was the need for students to see the connection 

between math and science because “students often see things as discrete compartments” 

(T5). For this teacher, providing opportunities for students to see math and science work 

together allows students to understand what is happening in the real world—a 

fundamental skill to learn. Integrating math and science promotes a more holistic type of 

learning and encourages students to appreciate math by allowing them to understand that 

math has meaning and is useful. Furthermore, it promotes problem solving because 

students “have a firmer understanding of what answers are reasonable” (T4) and can go 

back and check their calculations if they get a negative number or a value that does not 

make sense in the context. Thus integration is valuable to provide opportunities for 

students to make connections between math and science. 

Finding a balance between math and science to avoid overwhelming students 

 This second category stems from participant T1's comment that if students 

“cannot access the science then it is not going to help them with the math.” As mentioned 

in the previous category, integration can contribute to student success. However, teachers 
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also outlined concerns over student success with integration. Teachers commented that 

“kids will say I hate math” (T2) and so they may not want to learn the science concept if 

they have to use math. Furthermore, the science concept may confuse students in the 

math class and so it is important that “the science is really just there as a vehicle to 

deliver the mathematics” (T1). Therefore, integrating math and science is valuable when 

it is done correctly; that is, when it is done in a way so as to not overwhelm the students 

or discourage them from learning both subjects altogether. Furthermore, teachers 

commented that the extent to which integration should be implemented depends on the 

grade and academic level. However, teachers were split as to the grade and level in which 

integration should be implemented. Some teachers mentioned that the “applied and 

locally developed will benefit more from it” (T3) while some said it should be introduced 

in academic levels because of behaviour issues (which will be discussed in the next 

category). At the same time, T3 mentioned that “I don’t see any reason why such an 

integration if done properly can’t succeed in every single grade level.”  Thus multiple 

answers exist on when integration should be implemented. The teacher needs to evaluate 

the situation and determine when integration is valuable and when it decreases student 

motivation to learn either concept. 

Behaviour issues and integrated activities 

 As mentioned in the previous category, some students may not be capable to 

focus and take the science activity seriously. Participant T1 stated that “as soon as you 

bring in things that are fun” the students may see it more as playing time and that “having 

extra things in the room can lead to problems” (T8). On the other hand, participant T8 

also commented that growing beans in the math classroom provides an incentive for 
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students to come to math class—for example to water the beans every day—and so “it 

gets them in the door” (T8). Therefore, implementing science activities such as growing 

beans in a math class can address attendance issues. Overall, the teacher needs to decide 

whether their activity to integrate math and science will provide a valuable learning 

experience to make connections or meanings or if it will distract students from learning 

either concept. The teacher needs to consider the class size, grade and academic level, 

and overall behavioural issues and attitudes towards math and/or science in the class to 

determine the potential value of integration. 
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Quantitative Analysis with Pre-Service Teachers 

 A quantitative analysis was conducted for the next part of the research study to 

examine when and how integration is difficult and/or valuable, which addresses research 

Questions 2 and 3. Furthermore, the quantitative data examined if there were differences 

in perspectives regarding the integration of math and science at the secondary school 

level, which addresses part of the second research question. The quantitative data 

included survey responses from pre-service teachers. In order to achieve the purpose of 

determining the differences in perspectives, three groups were created based on the pre-

service teachers’ teaching background. The three groups included: 1) pre-service teachers 

with math and science teachable subjects (31 teachers, 38.3%); 2) pre-service teachers 

with math and no science teachable subjects (27 teachers, 33.3%); and 3) pre-service 

teachers with science and no math teachable subjects (23 teachers, 28.4%). A total of 81 

pre-service teachers completed the surveys. As presented in Table 3, the majority of 

participating pre-service teacher candidates with a science teachable subject had 

chemistry (33, 40.7%) and/or biology (30, 37.0%) as a teachable science subject while 

only 10 pre-service teachers (12.3%) had physics as a science teachable subject. Thus the 

responses pertaining to teacher candidates with a science teachable subject represented 

predominantly teacher candidates with chemistry and/or biology teachable subjects. On 

the other hand, the majority of in-service teachers interviewed for the qualitative portion 

of research study had physics as a teachable science subject. This suggests that the 

underlying groups for the qualitative and quantitative analyses were not perfectly 

comparable; the implications of this will be discussed in Chapter 5. Table 3 contains the 
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total frequencies of first and second teachable subjects of participating teacher 

candidates. 

 As mentioned in Chapter 3, descriptive statistics were calculated for each question 

in the survey (see Appendix A) to provide an overview of the distribution of responses 

without considering the pre-service teacher candidates’ backgrounds. Inferential statistics 

were then computed to investigate whether or not there was any difference in 

perspectives regarding the integration of math and science at the secondary school level 

based on the pre-service teachers’ teaching background. The purpose of conducting 

analyses that examine perspectives independent of teaching background and perspectives 

dependent on teaching background is to establish an overall view of integration and then 

to further explore the differences in views between teachers.  

 The survey was divided up into different parts pertaining to the pre-service 

teachers’ perceptions of integrating math and science at the high school level. The first 

three parts (A-C) of the survey referred to the difficulty, value, and frequency of 

integrating math and science at the secondary school level. The next three parts (D-F) of 

the survey referred to perspectives, implementation, and barriers to integrating math and 

science at the secondary school level. The last part of the survey included a 16-item, five-

point semantic differential using bipolar adjectives to measure attitudes and perceptions 

related to the concept of mathematics and science education integration. Refer to 

Appendix A for frequencies of responses to each question. Parts A-F of the survey 

consisted of 5-point Likert scales, which was the basis on which the frequencies were 

calculated.   
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Table 3 

Frequencies of the Sampled Pre-Service Teacher Candidates’ Demographic Information 

(n=81) 

Demographic # of Teachers Frequency (%) 

Gender   

Female 59 72.8 

Male 22 27.2 

Teaching Background    

Math and Science Teachable Subjects 31 38.3 

Math and no Science Teachable Subjects 27 33.3 

Science and no Math Teachable Subjects 23 28.4 

First Teachable Subjects   

Math 28 34.6 

Chemistry 18 22.2 

Biology 18 22.2 

Physics 5 6.2 

English 4 4.9 

Music 4 4.9 

History 2 2.5 

Computer Science 1 1.2 

French 1 1.2 

Second Teachable Subjects   

Math 30 37 

Chemistry 15 18.5 

Biology 12 14.8 

Physics 5 6.2 

English  3 3.7 

Music 1 1.2 

History 1 1.2 

Computer Science 6 7.4 

French 3 3.7 

Drama 1 1.2 

Science 2 2.5 

Visual Arts 2 2.5 

 

 To determine if there was a significant difference between the three groups of pre-

service teachers (based on teaching background, as outlined above), a one-way ANOVA 
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was conducted. First, the analyses were conducted on the individual items, however, 

there were some similarities between responses for similar items. Therefore, to create a 

more robust outcome measure to compare the groups, items that seemed similar were 

combined into a single scale if the new scale could also be shown to have sufficient 

internal consistency. As mentioned in Chapter 3, the internal consistency of the responses 

for the items within each scale were measured using Cronbach’s alpha. Values above 

0.70 are considered an acceptable measure of internal consistency (Nunnally, 1978). If 

the reliability of Cronbach’s alpha was above 0.70, a new variable was created based on 

this new combination and a one-way ANOVA was conducted. For items that could not be 

combined to create a new variable, a Pearson Chi Square analysis was completed for the 

individual items. Since the responses were recorded on a 5-point Likert Scale, to conduct 

the Pearson Chi Square analysis, the 5-point Likert scale was recoded to 0 or 1. The code 

associated with 0 or 1 depended on the item and thus will be further elaborated upon later 

on. The analysis is organized according to each section and question on the survey.  

Part A: Difficulty Scale 

 There are two purposes for the analyses reported in this section. First, I examined 

the descriptive statistics of the responses to identify perceptions regarding the difficulty 

of integration, independent of teaching background. Second, I endeavoured to examine 

the relationship between the background of pre-service teachers (grouped according to 

their math and/or science background as described above) and the difficulty they place on 

various aspects of integration. The difficulty scale is grouped into three categories: 

integrating math and science in various capacities in the classroom, engaging students in 
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an integrated approach to teaching, and the frequency with which integration is 

implemented. For each question, a Pearson Chi Square or ANOVA analysis was used.  

Category 1: Integrating math and science in various capacities in the classroom 

 To determine when integration is difficult, independent of teaching background, 

descriptive statistics were computed. It was found that the majority of pre-service 

teachers found integration of math and science to be “easy” or “very easy” in all five 

items: lectures (55.7%), classroom activities (87.4%), assignments (75%), tests (52.5%), 

and projects (83.7%).  

 The next set of analyses compared the difficulty of integration across five 

common classroom events: lectures, classroom activities, assignments, tests and projects. 

A reliable (internally consistent) scale could not be found for this set of items. Hence a 

Pearson Chi Square Analysis was conducted to examine the difficulty of integrating math 

and science in each. The 5-point Likert scale was recoded such that 0 referred to the 

“very difficult” / “difficult” / “neutral” responses, while 1 referred to the “easy” / “very 

easy” responses. The relationship between background knowledge and difficulty of 

integration was found to be insignificant for lectures, classroom activities, assignments, 

and projects, and was found to be significant only for tests (χ
2
 (2, n = 80) = 11.054, p = 

0.004). More than half of the pre-service teachers with a math and science background or 

a science and no math background (51.6% and 78.3%, respectively) found it easy or very 

easy to integrate math and science on tests. However, only 30.8% of pre-service teachers 

with only a math background and no science found it easy or very easy to integrate math 

and science on tests.   
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 Despite the fact that that the descriptive statistics demonstrated that majority of 

pre-service teachers perceived each of the five classroom events as “easy” or “very easy”, 

the results from the analysis discussed in the preceding paragraph suggested that it may 

be perceived as more difficult to integrate in certain events in the classroom. Therefore a 

follow up analysis was conducted to determine if this speculation was true. Since the 

previous results found background knowledge and difficulty of integration to be 

significant for only one assessment form (tests), the follow up analysis was independent 

of teaching background. Therefore, independent of teaching background, a repeated 

measures ANOVA was conducted on the five items: lectures, classroom activities, 

assignments, tests, and projects, with “difficulty” as the dependent variable and 

“classroom item for integration” as the independent variable. A repeated measures 

ANOVA with a Greenhouse-Geisser correction showed that perceived difficulty differed 

significantly between the classroom items (F(3.22, 248.22) = 14.996, p < 0.05). Post hoc tests 

using the Bonferroni correction revealed that lectures (M = 3.49, SD = 0.12) and tests (M 

= 3.36, SD = 0.12) were perceived as more difficult to integrate math and science than 

classroom activities (M = 4.09, SD = 0.071), assignments (M = 3.95, SD = 0.098), and 

projects (M = 4.08, SD = 0.10). The outcome of this new analysis partially addresses the 

second research question regarding the difficulty of integrating math and science. 

Category 2: Engaging students in an integrated approach to teaching 

 Since this scale only had one item, a Pearson Chi Square Analysis was conducted 

to compare the difficulty to engage students in an integrated approach to teaching. The 5-

point Likert Scale was recoded such that 0 referred to the “strongly disagree” / “disagree” 

/ “neutral” responses, while 1 referred to the “agree” / “strongly agree” responses but no 



 

57 

 

significant results were found. Considering instead the descriptive statistics, independent 

of teaching background, the majority of pre-service teachers (60.8%) found it “easy” or 

“very easy” to engage students to participate in an integrated teaching style approach. 

Category 3: Frequency with which integration is implemented. 

 The four items “on a daily basis”, “once a week”, “once a month”, and “once a 

semester” are mutually exclusive events and thus no new scale encompassing all four 

items could be created to compare groups. Considering instead the descriptive statistics, it 

is no surprise that on an overall basis (i.e. independent of teaching background) the 

majority of pre-service teachers perceived it “easy” or “very easy” to integrate math and 

science once a semester (94.8%), once a month (93.5%), and once a week (67.1%). Given 

that not all topics and units in the math and science classrooms are related, it is not 

surprising that integration would be less common on a daily or weekly basis.   

Part B: Value Scale 

 Similar to the analyses related to difficulty, the purpose of the value scale was to 

examine when integration was perceived to be valuable, both depending on the type of 

teacher and independent of the type of teacher. First, descriptive statistics for the 

responses were included to address when integration is valuable, independent of teaching 

background. Second, I endeavoured to examine the relationship between the background 

of pre-service teachers (grouped according to their math and/or science background as 

described earlier) and the value they place on various aspects of integration. The value 

scale is grouped into four categories:  

1. Integrating math and science in various capacities in the classroom 

2. Engaging students in an integrated approach to teaching  
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3. The frequency with which integration is implemented 

4. Integrating math and science for various outcomes.  

For each question, a Pearson Chi Square or ANOVA analysis was used. 

Category 1: Integrating math and science in various capacities in the classroom 

 To determine what is valuable about integrating math and science and when 

integration is valuable, independent of teaching background, descriptive statistics were 

computed. It was found that majority of pre-service teachers perceived integration of 

math and science to be “valuable” or “very valuable” in all five items: lectures (66.6%), 

classroom activities (98.8%), assignments (87.6%), tests (63%), and projects (92.6%). 

 The next set of analyses compared the value of integration across five common 

classroom events: lectures, classroom activities, assignments, tests and projects. First, a 

principal axis factor analysis using varimax rotation was conducted to identify underlying 

constructs. Specifically, the five items “lectures,” “classroom activities,” “assignments,” 

“tests,” and “projects” potentially fit under one scale. Four of the five items could be 

represented by a single factor accounting for 59.38% of the variance. The value of 

integrating math and science in lectures did not load well (0.27) and thus was removed 

(see Table 4 for factor loadings). The internal consistency (Cronbach’s alpha) for the 

other four items (classroom activities, assignments, tests, and projects) was found to be 

0.82. Thus a new scale was created representing the value of integrating math and science 

in classroom activities and assessments, using the mean of the four items for each 

participant. 
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Table 4 

Factor loadings based on a principal axis factoring analysis  

Question Value Factor loadings 

B. Q1b Classroom Activities 0.68 

B. Q1c Assignments 0.92 

B. Q1d Tests 0.60 

B. Q1e Projects 0.84 

% of variance  59.38 

Cronbach's α  0.82 

Note. Factor loadings < .31 were suppressed.  

 A one-way ANOVA (with teachers’ background as the independent variable) with 

Bonferroni post-hoc analysis was conducted for this new scale. A significant difference 

between pre-service teachers’ ratings of the value of the integration of math and science 

across classroom assignments and assessments was found based on their teaching 

background (F(2,78) = 6.17, p = 0.003). Post hoc comparisons using the Bonferroni 

analysis indicated that pre-service teachers with a math and science background (M = 

4.24, SD = 0.55) and those with science and no math background (M = 4.29, SD = 0.60) 

rated the value of integration significantly higher than pre-service teachers with math and 

no science background (M = 3.79, SD = 0.59).  

 Since the previous analysis examined the value of integration across classroom 

activities and assessments (four of the five variables), a follow up analysis was conducted 

to determine whether it is perceived more valuable to integrate in certain aspects of the 

classroom. This follow up analysis was independent of teaching background because its 

purpose was to reveal which aspect of the classroom benefits more from the integration, 

regardless of teaching background.  The outcome of this new analysis addressed the third 

research question of when is it valuable to integrate math and science. Regardless of 
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teaching background, a repeated measures ANOVA was conducted on the five items: 

lectures, classroom activities, assignments, tests, and projects, with “value” as the 

dependent variable and “classroom item for integration” as the independent variable. A 

repeated measures ANOVA with a Greenhouse-Geisser correction showed that perceived 

value differed significantly between the classroom items (F(2.83, 226.75) = 28.60, p < 0.05). 

Post hoc tests using the Bonferroni correction revealed that lectures (M = 3.76, SD = 

0.10) and tests (M = 3.69, SD = 0.11) were perceived less valuable to integrate math and 

science in than classroom activities (M = 4.42, SD = 0.06), assignments (M = 4.24, SD = 

0.09), and projects (M = 4.40, SD = 0.08). In addition to these findings, projects were 

perceived more valuable to integrate math and science in than assignments.   

Category 2: Engaging students in an integrated approach to teaching 

 Since this question only had one item, a Pearson Chi Square analysis was desired 

to compare the value of engaging students in an integrated approach to teaching 

background but no appropriate groups could be made due to the skewed data (no teachers 

chose either of the two disagree responses). Considering instead the descriptive statistics, 

independent of teaching background, no pre-service teacher perceived engaging students 

to participate in an integrated teaching style approach to have no value or low value. The 

majority of participants perceived this item to be “valuable” (39.2%) or “very valuable” 

(53.2%). 

Category 3:  Frequency with which integration is implemented 

 The four items “on a daily basis”, “once a week”, “once a month”, and “once a 

semester” are mutually exclusive events and thus no new scale encompassing all four 

items could be created to compare groups. Considering instead the descriptive statistics, 
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the majority of pre-service teachers rated each item mentioned above as “valuable” or 

“very valuable”. Specifically, 57.2%, 88.5%, 79.5%, and 78% found it “valuable” or 

“very valuable” on a daily basis, once a week, once a month, and once a semester, 

respectively. More importantly, “once a week” yielded the highest mean (M = 4.14, SD = 

0.72) and frequency count of 88.5% of pre-service teachers rating this item as valuable or 

very valuable. 

Category 4:  Integrating math and science for various outcomes 

 The next set of analyses compared the value of integration across the following 

three outcomes: student success in that course, motivating students to further pursue math 

and science courses, and improving self-efficacy in math problem solving. A reliable 

(internally consistent) scale could not be found for this set of items. Hence a Pearson Chi 

Square Analysis was conducted to examine the value of integrating math and science in 

each but no significant results were found. Considering instead the descriptive statistics, 

the majority of pre-service teachers rated each item as “valuable” or “very valuable”. 

Specifically, 69.3% of participants found the integration valuable or very valuable for 

student success in that course, 83.6% for motivating students to further pursue math and 

science courses, and 89.7% for improving self-efficacy in math problem solving. 

Therefore improving self-efficacy in math problem solving was the most valuable 

outcome of integrating math and science in regards to the three items outlined in this 

question. This suggests that pre-service teachers view integration of math and science as 

a way to relate math to something familiar (such as a science phenomenon), which allows 

students to recall information and make connections—resulting in an increase in self-

efficacy.  
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Part C: Frequency 

 Similar to the analyses related to difficulty and value, the purpose of the  

frequency scale was to examine how frequently the pre-service teachers integrated in the 

math and science classrooms in the following five events: lectures, classroom activities, 

assignments, tests, and projects. First, I examined the descriptive statistics of the 

responses to identify perceptions regarding the frequency of integration, independent of 

teaching background. Second, I endeavoured to examine the relationship between the 

background of pre-service teachers (grouped according to their math and/or science 

background as described earlier) and the frequency with which integration is 

implemented. The frequency scale is grouped into two categories referring to the 

integration of math and science in various capacities in the math classroom and science 

classroom. For each question, a Pearson Chi Square or ANOVA analysis was used. 

Category 1: Integrating math and science in various capacities in the math classroom  

 To determine how frequently pre-service teachers integrated in the math 

classroom while on their teaching placement or other teaching experience, independent of 

teaching background, descriptive statistics were computed. It was found that the majority 

of pre-service teachers integrated math and science at least once a month in a math 

classroom in lectures, classroom activities and assignments. On the other hand, the 

majority of pre-service teachers never integrated in tests and projects in the math 

classroom. 

 The next set of analyses compared the frequency of integration across five 

common classroom events: lectures, classroom activities, assignments, tests and projects. 

A principal axis factor analysis using varimax rotation was conducted to identify 
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underlying constructs. Specifically, the five items “lectures,” “classroom activities,” 

“assignments,” “tests,” and “projects” potentially fit under one scale. All five items could 

be represented by a single factor accounting for 65.58% of the variance (see Table 5 for 

factor loadings). The internal consistency (Cronbach’s alpha) for the five items was 

found to be 0.92. Thus a new scale was created representing the frequency with which 

integration is implemented in all aspects in the math classroom, using the mean of the 

five items for each participant. 

Table 5 

Factor loadings based on a principal axis factor analysis with varimax rotation 

Question Value Factor loadings 

C. Q1a Lectures 0.77 

C. Q1b Classroom Activities 0.79 

C. Q1c Assignments 0.91 

C. Q1d Tests 0.85 

C. Q1e Projects 0.86 

% of variance  65.58 

Cronbach's α  0.92 

Note. Factor loadings < .31 were suppressed.  

 

 A one-way ANOVA (with teachers’ background as the independent variable) with 

Bonferroni post-hoc analysis was conducted for this new scale. A significant difference 

between pre-service teachers’ ratings of how frequently they integrated math and science 

in all aspects in the math classroom was found based on their teaching background (F(2,59) 

= 11.15, p <0.05). Post hoc comparisons using the Bonferroni analysis indicated that pre-

service teachers with a math and science background (M = 2.96, SD = 1.12) and those 

with science and no math background (M =3.76, SD = 1.09) integrated math and science 

in a math class more frequently than pre-service teachers with math and no science 



 

64 

 

background (M = 1.86, SD = 0.95). Since pre-service teachers with no math background 

would not have the opportunity to teach a math class during placements, and also because 

only five pre-service teachers with no math background responded to this question, such 

responses are likely of limited use. As such, the key finding is that pre-service teachers 

with a math and science background integrated math and science in a math class 

statistically more frequently than pre-service math teachers with no science background. 

Category 2: Integrating math and science in various capacities in the science classroom 

 Similar findings to Category 1 were found for frequency of integrating math and 

science in a science classroom. However, it was found that the majority of pre-service 

teachers integrated math and science at least once a month in a science classroom in all 

five aspects: lectures, classroom activities, assignments, tests, and projects, whereas 

majority of pre-service teachers integrated in lectures, classroom activities and 

assignments in a math classroom. 

 The next set of analyses compared the frequency of integration across five 

common classroom events: lectures, classroom activities, assignments, tests and projects.  

A principal axis factor analysis using varimax rotation was conducted to identify 

underlying constructs. Specifically, the five items “lectures,” “classroom activities,” 

“assignments,” “tests,” and “projects” potentially fit under one scale. All five items could 

be represented by a single factor accounting for 80.76% of the variance (see Table 6 for 

factor loadings). The internal consistency (Cronbach’s alpha) for the five items was 

found to be 0.95. Thus a new scale was created representing the frequency with which 

integration is implemented in all aspects in the science classroom, using the mean of the 

five items for each participant. 
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Table 6 

Factor loadings based on a principal axis factoring analysis with varimax rotation 

Question Value Factor loadings 

C. Q2a Lectures 0.90 

C. Q2b Classroom Activities 0.90 

C. Q2c Assignments 0.96 

C. Q2d Tests 0.88 

C. Q2e Projects 0.85 

% of variance  80.76 

Cronbach's α  0.95 

Note. Factor loadings < .31 were suppressed.  

 A one-way ANOVA (with teachers’ background as the independent variable)  

with Bonferroni post-hoc analysis was conducted for this new scale. A significant 

difference between pre-service teachers’ ratings of how frequently they integrated math 

and science in all aspects in the science classroom was found based on their teaching 

background (F(2,61) = 13.29, p <0.05). Post hoc comparisons using the Bonferroni analysis 

indicated that pre-service teachers with a math and science background (M = 3.41, SD = 

1.13) and those with science and no math background (M =3.20, SD = 1.12) integrated 

math and science in a science class more frequently than pre-service teachers with math 

and no science background (M = 1.33, SD = 0.68). As before, responses from teachers 

with no science background are likely of little use, for the same reasons outlined above 

for teachers with no math background. As such, the key result is that although there was 

no significant difference between pre-service science teachers with a math background 

and no math background, the majority of them did integrate math and science at least 

once a month in a science classroom (see Appendix A for descriptive statistics). 
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Part D: Perspectives 

 Part D examined perspectives of five independent statements (see Appendix A) 

referring to the integration of math and science, which surfaced during the interviews 

with the in-service teachers. Therefore, a new variable could not be computed with these 

5 items since they are mutually exclusive events and thus a one-way ANOVA could not 

be computed. For most items, the data were positively skewed and no appropriate 

groupings could be made, thus a Pearson Chi Square analysis on the individual items 

would be challenging to conduct and provide inconclusive results. Therefore no analyses 

were conducted to compare groups (with teachers’ background as the independent 

variable). Instead, only the descriptive statistics were considered for the analysis of these 

five items. Considering the descriptive statistics, the majority of pre-service teachers 

“agreed” or “strongly agreed” that it is valuable for students to see the connection 

between math and science. The majority of pre-service teachers were neutral, disagreed, 

or strongly disagreed with the response that students want to see math in their science 

class. These two perspectives correspond well with what the in-service teachers talked 

about in their interviews, namely that it is valuable for students to see the connection 

between math and science, but it is also possible to overload students with too much 

integrated material. This suggests that teachers need to decide when integration is 

valuable to avoid decreasing students' motivation to learn either science or math 

concepts. 

 Pre-service teachers generally were neutral or agreed that students want to see 

science in their math class. This corresponds with the in-service teachers’ interview 

responses in which they discussed the need to bring science into a math class to provide 
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meaning to the math. However, considering the previous analysis in Part C, math pre-

service teachers with no science background (M = 1.86, SD = 0.95) and with a science 

background (M = 2.96, SD = 1.12) generally did not or rarely integrated math or science 

in their math classroom. Therefore, the pre-service teachers’ perspectives do not 

necessarily match their actions, suggesting there are other factors weighing in on their 

decision to integrate math and science. For example, during the focus group with three 

pre-service teachers, one participant mentioned that integration of math and science 

would be more practical during a long-term project and since pre-service teachers only 

have a short time in their placements, it may not be practical to try to integrate math and 

science at that time.  

Part E: Implementation 

 Part E of the survey examined pre-service teachers’ perspectives regarding in 

which grade(s) and level math and science should be integrated, which level(s) should 

minimize the use of math in a science class and derive formulas in a science class, and 

which level is it most valuable and difficult to integrate math and science. This question 

only used descriptive statistics because its purpose was to answer part of the second and 

third research questions in regard to when integration is valuable and difficult 

(independent of teaching background). 

 A pattern emerged from the frequencies pertaining to in which grade level(s) math 

and science should be integrated. The most common response to this question was prior 

to grade 7 (80%). The frequency declined with each subsequent grade and for Grade 12, 

only 58.8% of the pre-service teachers believed integration should occur. This pattern 

corresponds well with the interviews with the in-service teachers, in which they said that 
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there are more opportunities for overlaps between math and science concepts in Grade 9 

or 10 as well as in elementary school. Despite the decline in frequencies as grade level 

increases, it is important to note that in all cases (i.e. for every grade level), more than 

50% of pre-service teachers believed that math and science should be integrated. 

 The Applied/College level had the highest frequency count (91.3%) pertaining to 

the implementation of integration, while locally developed/workplace had the lowest 

support at 78.8% (though still high). The majority of participants responded that math 

should not be minimized in an Applied/College or Academic/University science class 

(88.5%, 89.7%) while 50% believed math should be minimized in a Locally 

Developed/Workplace science class. Furthermore, the majority (95%) of participants 

responded that formulas should be derived only in Academic/University science classes 

while 6.3% and 16.3% believed formulas should be derived in the Locally 

Developed/Workplace and Applied/College science classes.  

 The responses were divided with respect to which level it is most valuable to 

integrate math and science. Specifically, 38.4% chose the Applied/College level while 

42.5% chose the Academic/University level. However, the majority (58.4%) of pre-

service teachers chose the locally developed/workplace level as most difficult to integrate 

math and science. These responses mirror the divide found among in-service teachers 

during the qualitative interviews, suggesting that the decision to integrate math and 

science likely depends on other factors, such as class size and behavioural issues. 

Part F: Barriers 

 Part F asked participants to rate their level of agreement with seven statements 

(see Appendix A) pertaining to barriers to integrating math and science at the high school 
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level. As before, these seven statements surfaced during the interviews with the in-service 

teachers and did not appear to represent a more general construct. Hence a new scale 

could not be made with any combinations of the barriers—ruling out a one-way ANOVA. 

Thus to answer the second research question with regard to the different types of barriers 

to integrating math and science depending on the type of teacher, a Pearson Chi Square 

analysis was conducted. The 5-point Likert Scale was recoded for each of the seven 

items. Unlike the skewed data in Part D, appropriate groupings could be made for these 

skewed data; however, different codes were made for each item. 

 For the barriers of lacking integration skills and lacking science skills, the 5-point 

Likert Scale was recoded such that 0 referred to the “strongly disagree” / “disagree” 

responses, while 1 referred to the “neutral” / “agree” / “strongly agree” responses. The 

relationship between background knowledge and lack of integration skills was found to 

be insignificant, but was found to be significant for the barrier of lacking science skills 

(χ
2
 (2, N=81) = 45.487, p < 0.01). Almost all pre-service teachers with a math and 

science background (90.3%) or a science and no math background (95.7%) disagreed to 

lacking science skills. However, the majority of pre-service teachers with only a math 

background and no science (81.5%) agreed or were neutral that they lacked science skills. 

The results pertaining to the barrier of lacking math skills were not useful since it is 

obvious that a math pre-service teacher will have math skills. On the other hand, the 

results pertaining to pre-service science teachers with no math background were 

inconclusive with respect to this barrier. 

 In terms of the barrier of being able to think of real-world examples of math and 

science integration (with the statement being “I can think of real-world examples of math 
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and science integration), 1 referred to the “strongly agree” responses, while 0 referred to 

all other responses. These were the only groupings that could be made for the skewed 

data, but no conclusions can be made based on this data since responses grouped into “0” 

range from strongly disagree to agree, and hence the groupings are not meaningful. 

 The three remaining barriers were: (1) there is not enough time to network with 

other teachers to create integrated teaching strategies (M = 3.08, SD = 0.97); (2) there is 

not enough time to integrate math and science in the curriculum (M = 2.66, SD = 0.95); 

and, (3) there are not enough resources, materials, or funds to incorporate science 

concepts (M = 2.63, SD = 1.08). Considering the descriptive statistics, the responses 

appeared to be evenly distributed and were inconclusive for these three barriers. Next a 

Pearson Chi Square analysis was conducted to reveal whether any differences existed 

between groups. For barrier (1), 0 referred to the “strongly disagree” and “disagree” and 

“neutral” responses, while 1 referred to the two agree (agree or strongly agree) responses. 

For barriers (2) and (3), 0 referred to the “strongly disagree” and “disagree” responses, 

while 1 referred to the three remaining (neutral, agree or strongly agree) responses. Once 

the appropriate groupings were made to accommodate for the skewed data on these three 

items, no significant differences between groups for these barriers were found.  

Attitudes and perceptions related to the concept of mathematics and science 

education integration 

 A 16-item, five-point semantic differential was used to measure attitudes and 

perceptions related to the concept of mathematics and science education integration using 

bipolar adjectives used in previous research by Berlin and White (2010). Berlin and 

White used 20 bipolar adjectives, 16 of which were chosen for this study because they 
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corresponded well to value and difficulty of mathematics and science education 

integration. The 4 bipolar adjectives that were excluded included changing-constant, 

weak-strong, tool-toy and slow-fast. These 4 items were excluded because they were 

confusing and did not seem to contribute to determining the difficulty and value of 

integrating math and science as perceived by me or fellow colleagues.  

 The descriptive statistics for the individual items were considered first to provide 

an overview of the individual views of each item (see Table 7). As presented in Table 7, 

the two lowest means from the 16 items were simple-complicated (3.23) and easy-hard 

(3.28) which are the two items used for the difficulty scale. These descriptive statistics 

suggest that regardless of teaching background, the sample of pre-service teachers 

generally responded neutral (40.5% and 41.8%) with 39.2% and 40.5% choosing 4 or 5 

for simple-complicated and easy-hard, respectively towards the perception of how 

difficult it is to integrate math and science at the high school level. The difficulty scale 

ranged from 1 to 5 with 1 being least difficult and 5 being most difficult. The results 

therefore suggest that the participants viewed integration as easy or are neutral.   

On the other hand, all the items pertaining to the value scale had a mean greater than 

3.50, with the highest mean as harmful-beneficial (4.59). For each of the 14 items 

pertaining to value, more than 50% (ranged from 51.3% to 97.4%) of pre-service teachers 

selected a score of 4 or 5. Noting that the value scale ranged from 1 to 5, where 1 is least 

valuable and 5 is most valuable, the majority of participants perceived the integration of 

math and science as valuable. From here, it would be useful for future studies to explore 

in more depth specifically when and why such integration is valuable or difficult. 
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 Since the items above seem similar and to create a more robust outcome measure 

to compare the groups, items that seemed similar were combined into a single scale if the 

new scale could also be shown to have sufficient internal consistency. A principal axis 

factor analysis of the 16 items, using varimax rotation with Kaiser normalization was 

chosen for this study to identify underlying constructs to contribute to the validation of 

the instrument. Specifically, the 16 items (see Appendix A) could potentially fit under 

two scales: difficulty or value. Berlin and White (2010) conducted a principal 

components factor analysis with these 16 items (plus the four I excluded) and found two 

principal components from their principal components factor analysis. Therefore a fixed 

number of two factors was extracted from these 16 items during the principal axis factor 

analysis. The two principal factors, which explain 42.37% of the variance, were identified 

as difficulty and value. Factor 1 is the value scale which consists of 14 items, while factor 

2 is the difficulty scale which consists of 2 items (see Table 8 for the specific items 

associated with each scale). These findings corresponded well with Berlin and White’s 

findings. Refer to Table 8 for rotated factor loadings. 

 The internal consistencies (Cronbach’s alpha) for the value and difficulty scales 

were found to be 0.89 and 0.69, respectively. Although a Cronbach’s alpha of 0.7 is the 

typical standard for statistical reliability, 0.69 was accepted for this study. Thus two new 

scales labelled “difficulty” and “value” were created by finding the mean of the responses 

of the items associated with each respective variable. A one-way ANOVA was used to 

compare the three different groups of pre-service teachers on these two scales. The 

relationship between teaching background and each scale was found to be insignificant. 

Although the inferential statistics did not find a significant difference between the groups 
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based on the new difficulty and value scales, the descriptive statistics mentioned earlier 

suggest pre-service teachers, independent of teaching background, generally view 

integration of math and science as valuable and as easy or are neutral towards the 

difficulty of it. 

Table 7 

Descriptive statistics for 16 bipolar adjectives 

Item Number Bipolar adjectives N M SD Chose 4 or 5 (%) 

1 Harmful-Beneficial 79 4.59 0.54 97.4 

2 Passive-Active 79 4.23 0.86 81.0 

3 Mysterious-Understandable 79 4.10 0.78 74.6 

4 Frill-Necessary 77 3.83 0.79 65.0 

5 Shallow-Deep 78 4.22 0.83 80.8 

6 Bad-Good 79 4.42 0.71 87.3 

7 Strange-Familiar 78 3.51 0.98 51.3 

8 Simple-Complicated 79 3.23 0.91 39.2 

9 Confining-Expanding 78 4.41 0.73 85.9 

10 Sad-Happy 79 3.91 0.84 63.3 

11 Scared-Brave 79 3.70 0.82 54.4 

12 Crutch-Tool 79 4.34 0.83 83.6 

13 Boring-Exciting 79 4.27 0.76 86.0 

14 Hold back-Jump in 79 3.99 0.86 65.8 

15 Easy-Hard 79 3.28 0.99 40.5 

16 Less-More 79 4.16 0.81 74.7 

Value Scale (14 items) 79 4.12 0.52  

Difficulty Scale (2 items) 79 3.25 0.83  
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Table 8 

Factor loadings based on a principal axis factoring analysis with varimax rotation for 16 

items 

  Rotated Factor Loadings 

Item 

Number 
Bipolar adjectives 

Component 1 

Loadings 

Component 2 

Loadings 

1 Harmful-Beneficial 0.61  

2 Passive-Active 0.56  

3 Mysterious-Understandable 0.49  

4 Frill-Necessary 0.68  

5 Shallow-Deep 0.63  

6 Bad-Good 0.69  

7 Strange-Familiar 0.45  

8 Simple-Complicated  0.54 

9 Confining-Expanding 0.60  

10 Sad-Happy 0.70  

11 Scared-Brave 0.57  

12 Crutch-Tool 0.57  

13 Boring-Exciting 0.78  

14 Hold back-Jump in 0.78  

15 Easy-Hard  0.90 

16 Less-More 0.49  

% of variance 33.91 8.46 

Cronbach's α 0.89 0.69 

Note. Factor loadings < .31 were suppressed.  

Concluding responses to the idea of integrating math and science 

 The last section of the survey included three “yes” or “no” questions regarding 

whether the pre-service teachers would be interested in trying to incorporate science 

activities in their math class, or math activities in their science class if they received 

activities/help, and whether they perceive it doable to integrate math and science in a 

math or science classroom. Considering the descriptive statistics, it was found that almost 

all pre-service teachers (97.5%) would be interested in trying to incorporate science 

activities in their math class, or math activities in their science class if they received 
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activities/help. Furthermore, almost all pre-service teachers think integrating math and 

science is doable in a math (93.8%) or science (100%) classroom. These responses, while 

not directly addressing the research questions, will also be discussed in Chapter 5 to 

better understand what this means for future efforts to integrate math and science. 

The Extent to which Pre-service Teachers Practiced Integration 

 Once all the survey items were addressed, it became evident that pre-service 

teachers generally viewed integration of math and science as valuable and doable. While 

these pre-service teachers supported the integration of math and science, these results do 

not indicate the extent to which such integration occurred. To better understand how 

value and/or difficulty have an impact on teachers' decisions to actually integrate math 

and science in the classroom, I analyzed the extent to which pre-service teachers 

implemented integration in their placements and other experiences.  

 The data were recoded to combine the responses pertaining to difficulty, value, 

and frequency of integrating math and science (this was done separately for difficulty, 

value, and frequency). Using the 5-point Likert scales, difficult referred to 1, 2 or 3 (very 

difficult, difficult, neutral), while easy referred to 4 or 5 (easy or very easy). Low value 

referred to 1, 2 or 3 (no value, low value, neutral), while high value referred to (valuable, 

very valuable). Less frequent referred to 1, 2 or 3 (never, once a semester, once a month), 

while more frequent referred to 4 or 5 (once a week, daily basis). As presented in Table 9, 

there were 8 possible combinations of difficulty, value, and frequency. 
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Table 9 

Frequencies of the combinations entailing difficulty, value and/or frequency of 

implementation 

 Frequency (number of teachers, %) 

Combination Lectures 
Classroom 

Activities 
Assignments Tests Projects 

Math or Science Class      

Difficult and low value 17 (21.5) 0 5 (6.3) 21 (26.3) 3 (3.8) 

Difficult and high value 18 (22.2) 10 (12.7) 15 (18.8) 17 (21.3) 10 (12.5) 

Easy and low value 9 (11.4) 1 (1.3) 5 (6.3) 9 (11.3) 3 (3.8) 

Easy and high value 35 (44.3) 68 (86.1) 55 (68.8) 33 (41.3) 64 (80) 

Math Class      

Difficult, low value, less 

frequent 

7 (12.1) 0 3 (5.1) 18 (30.5) 2 (3.4) 

Difficult, low value, more 

frequent 

4 (6.9) 0 1 (1.7) 0 0 

Difficult, high value, less 

frequent 

5 (8.6) 2 (3.4) 10 (16.9) 13 (22) 6 (10.2) 

Difficult, high value, more 

frequent 

8 (13.8) 5 (8.5) 1 (1.7) 1 (1.7) 1 (1.7) 

Easy, low value, less frequent 0 0 4 (6.8) 8 (13.6) 2 (3.4) 

Easy, low value, more frequent 2 (3.4) 0 0 0 0 

Easy, high value, less frequent 7 (12.1) 29 (49.2) 27 (45.8) 9 (15.3) 38 (64.4) 

Easy, high value, more 

frequent 

21 (36.2) 23 (39) 13 (22) 10 (16.9) 10 (16.9) 

Science Class      

Difficult, low value, less 

frequent 

5 (8.2) 0 2 (3.3) 13 (21) 3 (4.9) 

Difficult, low value, more 

frequent 

7 (11.5) 0 0 1 (1.6) 0 

Difficult, high value, less 

frequent 

9 (14.8) 3 (4.9) 8 (13.1) 11 (17.7) 6 (9.8) 

Difficult, high value, more 

frequent 

4 (6.6) 5 (8.2) 3 (4.9) 2 (3.2) 1 (1.6) 

Easy, low value, less frequent 4 (6.6) 0 3 (4.9) 6 (9.7) 1 (1.6) 

Easy, low value, more frequent 3 (4.9) 1 (1.6) 0 0 0 

Easy, high value, less frequent 7 (11.5) 21 (34.4) 21 (34.4) 16 (25.8) 33 (54.1) 

Easy, high value, more 

frequent 

22 (36.1) 31 (50.8) 24 (39.3) 13 (21) 17 (27.9) 
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 As evidenced in Table 9, there were a range of combinations for difficulty, value 

and frequency of integrating math and science in the five criteria: lectures, classroom 

activities, assignments, tests and projects. Of particular interest, the majority of pre-

service teachers found it easy and valuable to integrate math and science in classroom 

activities (86.1%), assignments (68.8%), and projects (80%). However, it is important to 

investigate if their views translate into reported action. Therefore, the next part of the 

analysis is split up into two parts to examine how often those pre-service teachers chose 

to integrate math and science in a math classroom and science classroom during their 

placements or other teaching experiences. 

Math Class 

 As evidenced in Table 9, the most common combination pertaining to difficulty, 

value and frequency was that pre-service teachers found integrating math and science 

easy and valuable but integrated less frequently in classroom activities (49.2%), 

assignments (45.8%), and projects (64.4%). On the other hand they perceived integration 

easy and valuable and thus integrated more frequently in lectures (36.2%).  Although 

these frequencies do not represent a majority, these findings do suggest that integration of 

math and science may be linked to things other than value and difficulty.  

 As a follow up to the previous analysis, a correlation analysis was conducted to 

examine whether value or difficulty have a correlation individually with frequency. In a 

math class, a positive correlation existed between value and frequency of integrating 

math and science in all five aspects of the classroom (see Table 10). Pre-service teachers 

would integrate math and science more frequently the more valuable they viewed it (note 

that this does not reveal causation). However, a negative correlation between difficulty 
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and frequency of integrating math and science was found only in tests. However, as seen 

in the previous analysis, the combination of value and difficulty can lead to other 

outcomes of how frequent the pre-service teachers integrated in placements or other 

teaching experiences. This suggests that perhaps value and difficulty along with other 

factors such as time constraints contributed to how frequent pre-services teachers 

integrated math and science during their placements or other teaching experiences. 

Science Class 

 The most common combination pertaining to difficulty, value and frequency was 

that pre-service teachers found integrating math and science easy and valuable and thus 

integrated more frequently in lectures (36.1%), classroom activities (50.8%), and 

assignments (39.3%). On the other hand they perceived integration easy and valuable but 

integrated less frequently in test (25.8%) and projects (54.1%). Again, these frequencies 

do not represent a majority, however these findings do suggest that integrating math and 

science may be linked to something other than value and difficulty. 

 A correlation analysis was also conducted and a positive correlation was found 

between value and frequency of integrating math and science in all five aspects of the 

classroom. A negative correlation was found between difficulty and frequency of 

integrating math and science in lectures and classroom activities (see Table 10). Again, as 

soon as you combine value and difficulty, as was done in the previous analysis, the 

frequency changes.  
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Table 10 

Correlation coefficients for variables difficulty and frequency and variables value and 

frequency  

Correlated Variables Lectures 
Classroom 

Activities 
Assignments Tests Projects 

Math Class      

Difficulty & Frequency - - - 0.59** - 

Value & Frequency  0.52** 0.39** 0.31* 0.48** 0.34** 

(n=60)      

Science Class       

Difficulty & Frequency  0.30* 0.32* - - - 

Value & Frequency 0.41** 0.27* 0.37** 0.41** 0.44** 

(n=62)      

Note. *p<0.05, **p<0.01. 

 

Qualitative Responses with Pre-Service Teachers 

 The purpose of the open-response question at the beginning of the survey was to 

determine how the pre-service teachers defined integration of math and science to better 

understand their responses. For example, if pre-service teachers provided a definition that 

was different than the in-service teachers’ definitions, then their responses may be 

addressing a different form of integration not being explored in this study. Furthermore, 

if participants were confused by the definition, that could also explain their responses.  

 Pre-service teacher responses to the open-response question, “What does 

integration of math and science mean to you?” were analyzed using an abductive analysis 

approach, similar to the qualitative data with the in-service teachers, using benefits and 

constraints as the two overarching themes. Each participating pre-service teacher was 

assigned a code (pseudonym) based on a number from 1 to 81 prefixed by the letter TC 

(indicating a teacher candidate). Direct quotations in the analysis refer to these 81 
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participants using their pseudonym. The resulting themes were compared to the themes 

found with the in-service teacher interviews to see if there were similarities or additional 

themes found in one but not the other. Three themes emerged from the pre-service 

teacher responses: linking math and science curriculum expectations to achieve a goal, 

making math meaningful using science as the context, and using math as a tool. Each 

participating pre-service teacher was given a pseudonym and their words are meant to 

provide an example to represent each theme. 

Theme 1: Linking Math and Science Curriculum Expectations to Achieve a Goal  

 The majority of pre-service teachers chose this theme as a way to describe what 

integration of math and science means to them. While in-service teachers commented that 

math and science integration is connecting math and science topics, pre-service teachers 

took an extra step and commented that it is “being able to link curriculum expectations at 

the same grade level in a lesson” (TC5). However, many responses also reflected upon 

“using lessons and activities that incorporate topics from science and math” (TC19), 

suggesting that it is not necessary to use math and science curriculum expectations from 

the same grade level but just the relevant topics, which was a common response with the 

in-service teachers as well. 

Theme 2: Making Math Meaningful Using Science as the Context 

 The second most common response from pre-service teachers was the need to 

show that math has a connection to real world applications. Participant TC49 provided 

examples such as “cooking for math and chemistry or elevator problem with physics” to 

“make math less boring” (TC57). Furthermore, participant TC21 commented that 

integration of math and science provides “more messy data, hard to analyze and mark but 
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more relevant to real life.” These responses correspond well to the responses from the in-

service teachers who also vouched for the need to make math more meaningful. 

Theme 3: Using Math as a Tool 

 The third most common response was to use math to better understand science 

phenomena and thus “[use] math as a toolbox for science” (TC18). Similarly as found 

with the in-service teachers’ responses, pre-service teachers commented that math was a 

way to “describe patterns in science” (TC39) and some expressed that “you can't really 

do a lot of science without math” (TC2).  

 Overall, the three themes that emerged from the open-response question relate to 

the first theme identified with the pre-service teachers: how teachers integrate math and 

science. Specifically, all three themes fall under the first category, which is that 

integrating math and science is making a connection between math and science concepts 

and topics. No pre-service teachers identified with the second category, which was 

teaching math and science (separately) but with an inquiry-based learning approach. This 

possibly suggests that since pre-service teachers are new to teaching, they are not aware 

of other ways to integrate math and science such as using an inquiry-based learning 

approach.  

 This open response question was intended to help understand the pre-service 

teachers’ responses, and shed light on whether or not they have a different definition of 

integration than in-service teachers. The responses showed that this was not the case; pre-

service teachers agreed on a similar definition with the in-service teachers and no new 

definitions surfaced from the pre-service teachers.  
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Summary of Findings From Focus Group with Pre-Service Teachers 

 Lastly, to better understand the responses from the surveys, pre-service teachers 

who participated in the survey were asked to participate in a one-hour focus group, 

though unfortunately only three teachers attended the focus group. Although the teacher 

candidates’ responses in the focus group provided a more in-depth understanding for their 

choices, nothing seemed to emerge that was significantly different from the data analysis 

with the survey data and thus a qualitative analysis with this focus group was not 

conducted. A brief summary of these findings is provided here. Overall, the general 

findings from the focus group were that the three teacher candidates viewed the 

integration of math and science as a valuable teaching strategy to implement in high 

schools. The participants discussed examples where math topics were related to scientific 

phenomenon to make the math more real. For example, connecting math with pH 

(chemistry), earthquakes (using logarithmic functions), and growing plants (biology) 

were some topics discussed. Furthermore, the three participants outlined possible barriers 

to integrating math and science similar to those discussed with in-service teachers such as 

the alignment of topics with the math and science curricula, more time required to 

develop an integrated lesson, budget for resources, lack of collaboration between 

departments and safety—a barrier not mentioned by in-service teachers.  

An interesting theme that emerged from the three pre-service teachers’ responses 

was the reference back to curriculum documents. In-service teachers made less if any 

reference to curriculum documents. It seems that pre-service teachers depended more on 

the curriculum documents for guidance and instruction while in-service teachers were not 

as constrained by the curriculum documents. This was also evident from the open 
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response question “What does integration of math and science mean to you?” answered 

by the pre-service teachers. Pre-service teachers tended to use curriculum documents to 

support their definition while no in-service teachers mentioned the curriculum documents 

when they defined what integrating math and science means to them. 

 In conclusion, all three participants in the focus group made it clear that they 

would be interested to integrate math and science as teachers. Although they cannot 

speak on behalf of all Bachelor of Education pre-service teachers, they did comment that 

they think pre-service teachers would be interested to learn strategies to integrate math 

and science. The three participants discussed opportunities provided by their Bachelor of 

Education program but believe overall that they have not been taught how to formally 

integrate math and science. For example, some Bachelor of Education classes require the 

development of a cumulative assessment which although does not explicitly require 

integration of math and science it does provide an opportunity to do so. Furthermore, in 

an Aboriginal Education class, pre-service teachers explore teaching strategies that 

incorporate all subjects. 
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Chapter 5 

Discussion 

 The purpose of my research was to determine the constraints and benefits of 

integrating mathematics and science in Ontario’s secondary classrooms based on the 

perspectives of five different groups: 1) in-service teachers who teach both math and 

science; 2) in-service science teachers with only math or science (but not both) as a 

teachable subject; 3) pre-service teachers with math and science teachable subjects; 4) 

pre-service math teachers with no science teachable subjects; and 5) pre-service science 

teachers with no math teachable subjects. Using self reported data, this research was 

guided by the following questions: 

1. How do teachers integrate math and science in their classroom? 

2. When is integration difficult and what kinds of resources/factors do teachers 

believe help them overcome these difficulties to integrate math and science? 

3. What is valuable about integrating math and science and when is integration 

valuable?  

 This study employed both qualitative and quantitative research methods. The 

sample consisted of 12 in-service teachers from different school boards in Ontario and 81 

pre-service teachers from Queen’s University. In order to answer my research questions, 

semi-structured individual interviews were conducted with in-service teachers while pre-

service teachers completed a survey and were invited to participate in a focus group (3 of 

which committed to the focus group). After the data were collected, a thematic analysis 

was completed for the qualitative data and then descriptive and inferential statistics were 

used to analyze the quantitative data. This chapter is organized into three sections. The 
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first section summarizes the key findings for each research question. The second section 

discusses limitations of my study as well as recommendations for future research. The 

third section highlights the potential implications of these findings for future research and 

teaching practices. 

Discussion of Key Findings 

Research Question 1: How do teachers integrate math and science in their classroom? 

 The purpose of the first research question was to determine the different types of 

integration that exist amongst Ontario teachers, since Hurley (2001) concluded that many 

forms of integration exist. Furthermore, the different integration strategies identified by 

each teacher provide a context for their answers regarding the difficulty and value of 

integration. This research question was addressed in data collected from both the in-

service and pre-service teachers. For the in-service teachers these data represented Theme 

1: Teachers’ conceptions of what it means to integrate math and science (theme that 

emerged from the data with the in-service teachers). The in-service teachers identified 

with one or both of the following operational definitions of integrating math and science: 

1) making a connection between math and science concepts and topics, and 2) teaching 

math and science (separately) but with an inquiry-based learning approach. The majority 

of the interviewed teachers responded that the integration of math and science was a way 

to connect math and science topics to better understand each topic (thus identifying with 

the first operational definition). The first definition applies to both the math and science 

classes while the second definition is more about incorporating a scientific method in the 

math class, a one-sided interpretation of integration. For the first definition, the in-service 

teachers supported their answers using specific examples in different units that connected 
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math and science and talked about treating math as a tool in science to provide an 

analytical framework to investigate science problems. They also talked about recognizing 

that math is an important language used in science. All of these responses resonate with 

Furner and Kumar (2007) who found that “integration of math and science encompasses 

a number of considerations” (p. 187) such as those found in this study. Those who 

identified with the second operational definition viewed integration as using an inquiry-

based approach that would naturally require both science and math but would teach the 

two subjects separately. This form of integrating math and science suggests an alternative 

way of integration that does not involve science but involves activities using the scientific 

method to promote inquiry-based learning. This can be seen as a solution for some 

teachers who noted their lack of science skills, resources, or other barriers to introducing 

science in the math classroom. However, this second operational definition suggests that 

some teachers believe students can learn science skills using a scientific method 

approach, a limitation that will be discussed later on. 

 Davison, et al. (1995) identified five different types of integration: 1) discipline 

specific; 2) content specific; 3) process integration; 4) methodological; and 5) thematic. 

The findings above coincide with two of these types of integration, content specific and 

methodological integration. The first definition reflects content specific integration, in 

which teachers provide opportunities for students to see connections between math and 

science concepts (infusing a math and science curriculum expectation in an activity). The 

second operational definition coincides with the methodological integration based on 

“inquiry, discovery, and the learning cycle” (Davison et al., p. 229) to investigate 

problems in math and science. 
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  This research question was also addressed during the analysis of the open 

response question with the pre-service teachers. Of particular interest, all of the pre-

service teachers identified with the first operational definition of integrating math and 

science. The pre-service teachers had more of an emphasis on curriculum documents and 

expectations when discussing how to integrate math and science. This suggests that pre-

service teachers are more inclined to refer to curriculum documents for direction on 

teaching and integration while in-service teachers rely on their own experiences, 

colleagues, and other resources along with the curriculum documents. According to 

Growing Success, the Ontario curriculum documents are meant to provide a “common 

framework that encompasses all curriculum expectations for all subjects/courses across 

grades” (p. 16). Furthermore, the documents are “bare-bones documents that describe a 

vision” (Puk & Haines, 1999, p. 551) and thus do not provide the method, activities, or 

teaching strategies to approach these expectations. Therefore it is no surprise that in-

service teachers did not refer to the curriculum documents when they discussed their 

methods to integration. Pre-service teachers on the other hand have not had the 

experience to work with integration so they are not aware of where to look for integration 

strategies and resort to the curriculum documents. However, a lack of reference to the 

curriculum documents from the in-service teachers does not indicate that they do not use 

these documents but may suggest they have resorted to other means of looking for 

effective teaching strategies. Nonetheless, this could possibly affect the way in which 

integration of math and science is communicated to teachers because revised curriculum 

documents may only be a way to address new incoming teachers while other methods 

such as professional development would be a better way to introduce new strategies and  
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methods to in-service teachers. 

 Overall, this study provides some support for an integration continuum described 

by Davison et al.’s (1995) such that the teachers in this study created their own 

definitions of integration based on their experiences. Based on this study, the single 

operational definition encompassing the teachers’ definitions is that integration of math 

and science is the act of connecting math and science via either a content-based or 

inquiry-based learning approach. This single operational definition follows along the 

lines of Kiray’s (2012) blended model in which teachers need to identify the objectives of 

the integration and then determine the possible interactions between math and science 

ranging from simple concept connections to using science discovery/inquiry based 

activities in the math classroom. 

Research Question 2: When is integration difficult and what kinds of resources/factors do 

teachers believe help them overcome these difficulties to integrate math and science? 

 The second research question focused on potential integration challenges as well 

as solutions to highlight certain aspects of teaching that we can focus on to allow 

integration to occur more smoothly. The intention was to identify difficulties that pertain 

to the school system/structure such as the academic level of class (intrinsic difficulties) as 

well as to identify difficulties associated outside of the school system/structure such as 

resources and comfort levels of teachers (extrinsic difficulties). For intrinsic difficulties I 

was not concerned with separating groups based on background knowledge (context free) 

to compare responses. However, part of the quantitative analysis that separated groups 

did give further insight to the intrinsic difficulties and thus was included in this 

discussion. Furthermore, some data did not lend themselves toward group comparisons  
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and thus only a context free analysis was conducted for these data.  

In terms of extrinsic difficulties, these may be subjective to the individual person 

and thus I did separate groups to determine if there were extrinsic barriers dependent on 

the type of teacher. Furthermore, some of the analysis for the extrinsic difficulties was 

context free to establish a general overview of when it is difficult to integrate, regardless 

of teaching background. This discussion is separated based on context free and context 

dependent intrinsic and extrinsic difficulties and provides solutions (presented by the 

teachers) to these difficulties. 

Intrinsic Difficulties 

 The majority of pre-service teachers, regardless of teaching background, believed 

integration of math and science would be easy or very easy in all five items: lectures, 

classroom activities, assignments, tests and projects. This perception may coincide with 

the findings of Berlin and White (2010) who found that pre-service teachers were 

idealistic and naive regarding the difficulty of integrating math and science. Their 

idealism seemed to decrease after they completed their integrated teacher preparation 

program. These teachers considered integration to be more difficult than they did prior to 

the program. My research suggests the pre-service teachers have a positive attitude 

towards the integration of math and science. The implication of this is that we could 

harvest this positivity and provide opportunities in Bachelor of Education programs and 

early career in-service on how to integrate math and science. 

 Interestingly, the quantitative analysis with the pre-service teachers revealed they 

believed it was more difficult to integrate in lectures and tests than classroom activities, 

assignments, and projects. Furthermore, pre-service math teachers (with no science 
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background) found it significantly more difficult to integrate math and science on tests 

than pre-service science teachers with or without a math background. Since the learning 

expectations in the Ontario curriculum documents are organized by subjects, this finding 

suggests that integration of math and science would be more difficult to implement in 

tests and exams and thus better fits during other activities to complement the learning 

objectives found in the curriculum documents. The integration of math and science can 

be seen as a vehicle to deliver the content to better engage and motivate students to learn. 

This was supported by the majority of the pre-service teachers (regardless of teaching 

background), such that they found it very easy or easy to engage students to participate in 

an integrated teaching style approach.  

 A possible explanation for the findings above is that tests and lectures need to 

cover the expectations found in the curriculum to avoid overwhelming students with 

additional information and thereby losing the fundamental ideas. This explanation is 

supported by Mason (1996) who mentioned that “some topics in mathematics are strictly 

mathematics” and “some ideas in science are best understood without introducing 

confusing or inconsequential subject matter”(p. 266). Therefore, classroom activities, 

projects, and assignments may still have a focus on learning expectations but these are 

expanded to attempt to provide context and application of the topics. However, this leads 

to the question of why are projects and assignments, which are forms of assessment just 

like tests, grouped with classroom activities in terms of areas for integration? One 

possible explanation for this is that we still need to be able to assess whether the 

integration is working which can be done in projects and assignments. This aligns with 

research by Furner and Kumar (2007) who concluded that students need “opportunities to 
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demonstrate their understanding of mathematics and science aligning assessment with 

curriculum and instruction” (p. 188). 

 The majority of the pre-service teachers perceived it “easy” or “very easy” to 

integrate math and science once a semester (94.8%), once a month (93.5%), and once a 

week (67.1%) with a higher frequency count of once a month or once a semester. 

Therefore pre-service teachers thought it was difficult to integrate math and science on a 

daily basis. This resonates well with the comments from the in-service teachers in that the 

most common response to how often integration should be implemented was 

approximately twice a month. This makes sense since only some topics will lend 

themselves to integration, consistent with Kiray’s (2012) research. Integration does not 

occur on a daily basis, and as Honey et al. (2014) concluded, “integrated STEM 

instruction is typically accomplished through the use of problem-,project-, or design-

based tasks” (p. 51). Such activities occur much less frequently, perhaps once a semester 

or month. Overall, it is evident that majority of the intrinsic difficulties were independent 

of the teaching background. 

Extrinsic Difficulties 

 My research identified a series of barriers faced by teachers trying to implement 

an integrated teaching approach. Consistent with previous research, these barriers ranged 

from lack of content knowledge between the two subjects (Frykholm & Glasson, 2005) to 

insufficient time in the school day for integration (MacMath, 2011). The experiences and 

concerns outlined by both the pre-service and in-service teachers highlight areas for 

improvement that may better facilitate integration of math and science. 
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 As mentioned earlier, the subject-specific organization of teachers, classes, and 

curriculum documents pose a challenge for teachers trying to integrate and those 

considering the integration, consistent with research by MacMath (2011). This subject-

specific organization can lead to a lack of collaboration between and within departments, 

which was a concern outlined by many in-service teachers (see also Venville et al., 2002; 

MacMath, 2011; Tan, 2011). The issue of a lack of collaboration sheds light on a major 

issue regarding integration: perhaps teachers are not looking to collaborate because they 

do not set integration as a high priority. A possible explanation mentioned by an in-

service teacher during her interview was that teachers may require evidence that activities 

integrating math and science will work. Furthermore, the organization of classes 

(semestered system) leads to timetable scheduling conflicts (see also MacMath, 2011); as 

an example, some students will see some math topics in science before they learn them in 

their math class. Furthermore, some in-service teachers voiced that the curriculum 

documents do not readily accommodate integration of math and science in that the math 

and science curricula do not readily align.   

 Another barrier identified by in-service teachers was a lack of resources, as has 

also been identified by Mason (1996) and Basham et al. (2010). In-service teachers 

mentioned that there was no direction from the curriculum documents on where and how 

to integrate. In line with lack of resources, a few in-service teachers mentioned the lack 

of funding in the math department to allow for science activities. This was a minor 

concern raised by only a few in-service teachers, with the majority of pre-service teachers 

(regardless of teaching background) disagreeing or remaining neutral towards the 

response to not having enough resources, materials, or funds to incorporate science 
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concepts in a math class. Furthermore, some in-service teachers mentioned resourceful 

activities such as using used plastic bottles to demonstrate activities in the math 

classroom. Therefore, this concern had been addressed by some teachers who used 

innovative and resourceful activities. 

 A lack of content knowledge, consistent with a barrier identified by Mason 

(1996), was also noted by the in-service teachers; however, they were commenting based 

on speculation and not personal experience. Considering instead the pre-service teachers, 

it was inconclusive whether pre-service science teachers lacked the necessary math skills. 

On the other hand, the majority of pre-service math teachers with no science background 

agreed or were neutral that they lacked science skills. The relationship between 

background knowledge of pre-service teachers and lack of integration skills was found to 

be insignificant. Overall, the findings suggest that the subject specific organization of 

teachers, classes, and curriculum documents which leads to a lack of collaboration, 

timetable scheduling conflicts, and lack of resources were the major barriers outlined in 

this research. Furthermore, as was found for the intrinsic barriers, it is evident that 

majority of the extrinsic difficulties were independent of the teaching background. 

Solutions 

 The in-service teachers provided possible solutions that would help them integrate 

math and science. Some solutions were discussed largely in response to the barriers, such 

that some in-service teachers mentioned a barrier and then consequently mentioned 

overcoming that barrier as the solution. The three main solutions to better integrate math 

and science emerged from the qualitative analysis described under Theme 3: Solutions 

and resources to better integrate math and science. The three solutions were: 1) 
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collaboration and networking across disciplines (see also Hargreaves et al., 2001); 2) 

introducing a structure that formally integrates science or math; and, 3) using technology 

in the classroom (see also Sokolowski et al., 2011). While some teachers mentioned 

collaboration was a barrier, for some this was not an issue and was the solution to better 

integrating math and science. Introducing a structure that formally integrates science and 

math extends to formally implementing integration in the schedule (such as on a monthly 

basis) to providing a bank of activities to choose activities from. This can be a solution 

for those who found the subject-specific organization of teachers, classes, and curriculum 

documents as a barrier. Furthermore, using technology to demonstrate science activities 

is a potential solution for teachers who mentioned a lack of collaboration or resources in 

the classroom to accommodate integration.  

Research Question #3: What is valuable about integrating math and science and when is 

integration valuable?  

 The third research question considered both context dependent analyses and 

context free analyses concerning teaching background. The first part of this discussion 

concerns what is valuable about integrating math and science such as providing 

opportunities for students to make connections between math and science. The second 

part of the discussion concerns when it is valuable to integrate math and within five 

different assessment forms of the classroom (lectures, classroom activities, assignments, 

tests and projects), the frequency of integrating (daily, weekly, monthly, and semester 

basis), and the level and grade of the classroom. 

What is valuable about integrating math and science? 

 During the interviews with the in-service teachers they noted that integrating math  
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and science provided students with the opportunity to articulate in concepts rather than in 

algorithms, consistent with similar findings by Davison et al. (1995). It was also 

mentioned by the in-service teachers that integration allowed students to make 

connections between math and science and to see how math and science work together 

(see also Davison et al., 1995; Drake, 2000). Furthermore the in-service teachers noted 

that integration promotes problem solving because students have a firmer understanding 

of what answers are reasonable (see also Furner & Kumar, 2007). Interestingly, 

improving grades and achievement in the course was not a benefit described by in-service 

teachers. Perhaps, for these teachers, the value of integration is to provide opportunities 

for students to become better familiar with the world around them and to become better 

problem solvers.  

 Furthermore, from the quantitative data with the pre-service teachers, the majority 

of pre-service teachers, regardless of teaching background, rated each of the following 

outcomes as “valuable” or “very valuable”: student success in that course, motivating 

students to further pursue math and science courses, and improving self-efficacy in math 

problem solving. Therefore, pre-service teachers also agree that the value of integrating 

math and science is to develop problem-solving skills and motivate students to further 

pursue math and science—perhaps developing a greater appreciation after seeing the 

connections. Unlike the in-service teachers, the pre-service teachers also indicated 

integration was valuable to improve student success in that course—perhaps because they 

were directly asked that question. 

When is integration of math and science valuable? 

 The majority of pre-service teachers, regardless of teaching background,  
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perceived the integration of math and science to be valuable in all five assessment forms: 

lectures, classroom activities, assignments, tests and projects. Furthermore, most of them 

perceived it valuable to engage students to participate in an integrated teaching style 

approach. This perceived value of integration of math and science from the pre-service 

teachers is similar to that of pre-service teachers studied by Berlin and White (2010) and 

Frykholm and Glasson (2005). This finding also complements the findings found 

regarding the difficulty of integrating on these items. Therefore, pre-service teachers 

generally see integration as valuable and easy to implement. The quantitative analysis 

also revealed that classroom activities, assignments, and projects had the highest 

frequency count in terms of value and were statistically more valuable to integrate than 

lectures and tests. This complements the findings that pre-service teachers thought 

classroom activities, assignments and projects are the easiest vehicles by which to 

implement integration of math and science. As found with difficulty, this suggests that 

perhaps it is more valuable to integrate in those three assessment forms because they are 

not constrained by the curriculum documents, providing flexibility in structure to meet 

broader learning expectations and outcomes. 

 In addition to the findings above, background knowledge was significantly related 

to value of integrating math and science in classroom activities, assignments, tests and 

projects (a new variable encompassing all four was created). Specifically, pre-service 

science teachers with or without a math background rated the value of integration 

significantly higher than pre-service teachers with math and no science background. This 

suggests that perhaps math teachers without a science background value integration less 

because they do not have the science background to develop science activities or  
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connections.  

In terms of frequency, the majority of the pre-service teachers found it “valuable” 

or “very valuable” to integrate math and science once a semester, once a month, once a 

week, and once a day. However, these findings do not consider how realistic or difficult it 

would be to integrate the two. Interestingly, when a new outcome variable encompassing 

once a week, once a month and once a semester was created (more realistic timelines for 

integration), there was no significant difference between the three pre-service groups 

pertaining to background knowledge. This suggests that these pre-service teachers, 

regardless of teaching background, found integration valuable. This finding was also 

found with the 16-item, five point semantic differential that formed two scales 

representing value and difficulty. No significant differences between the groups were 

found, suggesting that the pre-service teachers, regardless of teaching background, 

generally view integration of math and science at the high school level as beneficial.  

 Lastly, the results indicate that there is a divide as to in which level it is most 

valuable to integrate math and science. Considering the pre-service teachers, 38.4% chose 

the Applied/College level while 42.5% chose the Academic/University level as the level 

most valuable to implement integration. These responses mirror the divide that was found 

between in-service teachers during the qualitative interviews, suggesting that it depends 

on other factors, such as class size and behavioural issues, when considering the grade 

and level in which it is most valuable to integrate math and science. 

Limitations 

 The findings from the study must be considered within the set of limitations 

described below. First, the sample only included 12 in-service teachers from two school 
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districts and 81 pre-service teachers from one Bachelor of Education program. The 

intention of the qualitative data was to describe the experiences of in-service teachers, 

and was not intended to provide generalizations. Similarly, the pre-service teachers 

reflect a small portion of the population and are from a single region in Ontario. Thus the 

results from this study serve to highlight perspectives of teachers on the potential 

strengths and weaknesses of integration to provide further discussion on what it takes to 

implement integration in the secondary school curriculum. More research examining 

perspectives of pre-service teachers from different universities and in-service teachers 

from different regions in Ontario could strengthen the results. 

 The second limitation pertains to the recruitment process. Considering the sample 

of in-service teachers, it is possible that teachers who have a positive view of integration 

may have been more likely to respond (called voluntary response bias); this could 

potentially bias the results. Teachers who think integration is a waste of time or do not 

see it as beneficial perhaps did not see participating in the study as worthwhile since they 

do not value further research in integration. It was difficult to recruit in-service teachers 

to participate in the study; hence any teacher who responded was included in the study. 

Therefore the sample of in-service teachers predominantly included those with both math 

and physics teachable subjects, while there was only one math teacher with no science 

background and only two science teachers with no math background, along with two 

biology and math teachers. Therefore, teachers with only math or science (not both) 

teachable subjects were not well represented in this sample. Furthermore, teachers with a 

Chemistry or Biology background were not well represented amongst the in-service 

teachers. At the same time, the pre-service teachers in the study had predominantly 
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Chemistry and/or Biology backgrounds. As such, the underlying groups for the 

qualitative and quantitative analyses were not perfectly comparable which poses a 

limitation on some of the conclusions made in this study. To accommodate for this, the 

groupings were based only on the presence of science background, and not on the type of 

science. An assumption I made in this study when creating the groups was therefore that 

all science teachers would have similar views regardless of whether they had a 

Chemistry, Biology or a Physics background.  

 The third limitation of this study is the discrepancy between what people think 

about integration and actual results of integration. The basis of this study was conducted 

examining the perspectives of pre-service and in-service teachers. This in itself is a 

limitation to understanding whether integration is a worthwhile endeavor because 

perspectives do not uncover the outcomes of integration. More research is required—

perhaps case studies—that examine outcomes of integration learning goals and activities. 

Stating that something is valuable does not translate into actually being valuable for the 

students. However, it does provide a means to conduct further studies that examine 

students’ outcomes with and without integration learning goals. 

 The fourth limitation of this study pertains to the quantitative survey used with the 

pre-service teachers. The quantitative survey attempted to separate views on value from 

views on difficulty (for an example), and for the purposes of this study I have assumed 

that teachers’ responses on such questions are independent. In reality, these variables may 

not be independent—for example, teachers may view integration as not valuable 

precisely because they find it difficult and do not enjoy the prospect of implementing it 

(or vice-versa). Such a study design can only reveal correlations and not causations. For 
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example, I have discussed the relationship between difficulty/value and frequency of 

integration. While there may be a correlation between teachers’ perceptions of the 

difficulty and/or value of integration and the frequency with which they implement it, this 

does not necessarily imply causation. That is, teachers could find integration 

valuable/easy because they implement it often, rather than the other way round. 

 Finally, I acknowledge I strongly support efforts to integrate math and science in 

secondary schools and have a positive outlook pertaining to this topic. Therefore, I had to 

work hard to maintain a neutral stance during the data collection and analyses processes 

to ensure my biases did not come through my actions and/or words. Furthermore, semi-

structured interviews allow for probing questions in which I attempted to not indicate my 

bias. 

Implications and Recommendations 

 The results of the quantitative and qualitative analyses have potentially valuable 

implications for future research and practice. First and foremost, the results from this 

study indicate that pre-service and in-service teachers, regardless of teaching background, 

clearly value integration. The last question in the quantitative survey found that almost all 

pre-service teachers would be interested in trying to incorporate science activities in their 

math class, or math activities in their science class, if they received guidance. 

Furthermore, almost all pre-service teachers thought integrating math and science is 

doable in a math or science classroom. These responses, although not addressing the 

research questions, provide an optimistic outlook that pre-service teachers would be 

interested to try the integration if presented with the opportunity. This positivity should 

be harvested and perhaps pre-service teacher training programs could offer workshops or 
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a course that introduces pre-service teachers to methods to integrate math and science, an 

idea also suggested by researchers such as Mason (1996), Frykholm and Glasson (2005), 

and Kiray (2012). 

 A potential model for pre-service teacher training that incorporates integration of 

math and science activities could be similar to Frykholm and Glasson’s (2005) model. 

For a secondary school pre-service teacher preparation program, Frykholm and Glasson 

kept the math and science curriculum classes separate and incorporated integration in 

those classes in the second semester of the course (after the teaching placements). 

Specifically, pre-service teachers interested in the idea of integrating math and science 

would volunteer to participate in a group project (not part of their course) to develop a 

curriculum project that would connect science and mathematics concepts. Groups were 

created around content areas, including teachers from all sciences and math. The model 

“generated enthusiasm for connecting science and mathematics instruction among the 

participants” (p. 139). Researchers such as Koirala and Bowman (2003) and Berlin and 

White (2010) also studied pre-service teachers enrolled in a teacher preparation program 

in the United States and found the pre-service teachers “clearly valued this integration at 

the onset and at the completion of the program” (Berlin & White, 2010, p. 111). 

Operationally, one model that would not require much planning would enable pre-service 

teachers to voluntarily sign up to be part of a group project that provides them the 

opportunity to meet other like-minded educators and foster a sense of collaboration. The 

end result of this group project would be a unit that includes specific lesson plans, 

projects, demonstrations, and other activities the pre-service teachers develop that 

connect math and science concepts. Furthermore, these groups would have access to 
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resources developed by other groups. Admittedly, given the limitation of the current 

study, it would be valuable to also conduct future research involving other Bachelor of 

Education programs at different schools to reveal whether this positivity exists across 

Ontario schools.  

 While the first implication pertains to the result that teachers do find integration 

valuable, the second implication of this study pertains to difficulty. The in-service 

teachers found integration to be more difficult and unrealistic than pre-service teachers. 

That said, the in-service teachers also demonstrated a positive outlook on the integration 

but made it clear that certain barriers and factors impede integration. Therefore, having 

pre-service teachers trained in integration would be beneficial since they will enter 

schools with some training and can help the in-service teachers currently interested to 

learn more about how we can integrate better and what activities are out there. 

Furthermore, providing teachers (both in-service and pre-service) with resources on how 

to integrate math and science would potentially spark their interest and inspire them to 

see its value (for those who do not see integration as valuable). 

 The organization of teachers, classes, and curriculum documents have different 

barriers but a common solution—collaboration (Hargreaves et al., 2001; Flowers et al., 

2003). The Ontario Ministry of Education documents are organized with specific learning 

outcomes/expectations for each discipline and thus do not incorporate integration. 

Perhaps if the Ontario curriculum documents incorporated a specific learning goal that 

incorporates integration in appropriate units, this would provide a starting point for 

collaboration (see also MacMath, 2011). This calls for more research that examines the 

assessment of curriculum outcomes with and without integration to better understand 
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which learning goals could incorporate integration strategies. Future studies could also 

examine whether student outcomes (motivation, engagement, grade in the course, etc.) 

improve with integration strategies versus no integration strategies (see Ross & 

Hogaboam-Gray, 1998; Judson & Sawada, 2000; MacMath, 2011). 

 In line with the previous recommendation, the development of resources for 

specific activities could complement the curriculum documents. Implementing learning 

goals pertaining to integration in curriculum documents may initiate more collaboration, 

but a resource book with specific activities could provide a grounds for discussion and 

help teachers who are not sure where to start with integration activities. 

 In addition to incorporating integration learning goals into the curriculum 

documents, it could be beneficial to have a definition of what it means to integrate math 

and science. This would help teachers better understand that integration of math and 

science doesn’t necessarily mean simply connecting math and science topics. Rather the 

use of an inquiry-based learning approach could represent valuable forms of integration. 

Hurley (2001) found that “multiple forms of integration have always existed” (p. 265) 

and that there exists a “paradox between the demand for a general definition of 

integration and research that illustrates a need for multiple definitions” (p. 265). To this 

end, future studies can examine other definitions of integrating math and science so that 

perhaps we can have a common definition that exists amongst all Ontario schools.   

 The results of this study also suggest that it is easier to integrate math and science 

in classroom activities, assignments and projects. Future studies could examine specific 

classroom activities, assignments and projects that incorporate a connection between 

math and science topics. Furthermore, in-service teachers did not discuss their method of 
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integration, thus more research that examines more specific examples of integration and 

step by step procedures on how teachers integrate would be beneficial.  

 The results of this study suggest that some teachers view integration of math and 

science as using an inquiry-based approach that would naturally require both science and 

math but would teach the two subjects separately (second operational definition identified 

in study). However, how much science would students learn with a scientific method 

approach? This finding calls for more research regarding whether students do acquire 

science skills in a math classroom if they are introduced to the scientific method. 

 This study examined integration at the secondary school level and thus future 

research could be more specific and only look at junior grades (Grades 9 and 10) or 

Senior grades (Grades 11 and 12), or academic versus applied, etc. Furthermore, future 

studies could pick a specific grade, level and unit and develop classroom activities, 

assignments and projects for this unit, implement them in the classroom, and examine the 

effect on student learning (see also Judson & Sawada, 2000; Venville et al., 2003).  

 Clearly, my research suggests that math and science teachers value integration. 

Nevertheless, such integration is still not commonly found in classrooms. Hence we need 

to continue to examine the real and perceived barriers to integration facing teachers. 

What is the extent that subject area background impacts integration? How do school 

structures support or hinder integration? What is the role of curriculum documents in 

fostering or preventing integration?  

Concluding Thoughts 

 The significant support and interest towards integrating math and science from 

both in-service and pre-service teachers in this study demonstrates a need for developing 
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learning goals, activities and resources that constitute effective integrated math and 

science education. As evidenced in this study, there are barriers and concerns that we 

need to address and it seems that the development of activities and learning goals of 

integration are at the preliminary stages. It is my hope that more research will pursue the 

topic of integrating math and science at the secondary school level so that it may one day 

be part of the Ontario curriculum documents. Total integration may not be realistic for 

the Ontario curriculum, but integration in certain aspects of the course may be more 

feasible. Thus I hope the methods, results and recommendations in this study will be used 

by future researchers to continue the search for how we can effectively integrate math 

and science in secondary schools.  

 The importance of integrating math and science in secondary schools is to 

motivate students to appreciate math and science and to better understand the connections 

between the two. I hope that this in turn will improve students’ critical thinking and 

problem solving skills, and help them develop a passion for math and science. There are 

many other learning strategies that aim to promote these skills and goals but what I 

believe makes integration powerful is the encouragement of developing students’ holistic 

understanding of how our world works, and developing lifelong learners as a result. As a 

future math and science educator, I hope to continue seeking activities that promote math 

and science integration and to better understand how can we effectively integrate math 

and science in secondary schools. 
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Appendix A: Instruments 

Integration of Math and Science - Survey Items 

FOR PRE-SERVICE TEACHERS  

Demographics 

 Male Female 

a. What is your gender?   
 

b. What is your first teachable subject:  
 

c. What is your second teachable subject: 
 

d. Do you have a third teachable subject, if so what is it: 

 YES NO I don't know 

e. Have you seen integration of math and science in a math 

classroom? 
48  30  3  

f. Have you seen integration of math and science in a science 

classroom? 
60  19  2  

g. Have you been taught how to integrate math and science? 21  54  5  

h. Have you ever integrated math and science in a lesson? 46  32  2  

i. Did you try integrating math and science on your placement? 46  31  3  

 

What does integration of math and science mean to you? 

 

 

 

 

 

 

Evaluation of Integration Activities Presented in Math Curriculum Class. 

Please rate your level of agreement with the following statements about the two integrating activities 

presented in class. 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 
M (SD) 

FIRST ACTIVTY (ASTRONOMY)       

a. The connection between the math 

and science is difficult to see. 
18  30  3  6  1  2.00 (0.97) 

b. This activity is valuable to 

implement in a math class. 
0 0 5  36  17  4.21 (0.59) 

c. This activity is difficult to 

implement in a math class. 
15  29  11  3  0 2.03 (0.82) 

d. I feel comfortable using this 

activity in a math class. 
2  1  15  26  14  3.84 (0.93) 

e. I plan to use this activity in my 

math class. 
0 6  21 25 6 3.53 (0.82) 
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Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 
M (SD) 

SECOND ACTIVITY 

(SUNFLOWERS/BEANS) 
      

a. The connection between the math 

and science is difficult to see. 
26  21  9  0 2  1.81 (0.95) 

b. This activity is valuable to 

implement in a math class. 
0 2  11  32  13  3.97  

c. This activity is difficult to 

implement in a math class. 
8  24  14  10  2 2.55  

d. I feel comfortable using this 

activity in a math class. 
1  2  18 29 8 3.71 

e. I plan to use this activity in my 

math class. 
2 4 30 16  6 3.34 (0.89) 

 

Evaluation of Integration Activities Presented in Science Curriculum Class. 

Please rate your level of agreement with the following statements about the two integrating activities 

presented in class. 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 
M (SD) 

FIRST ACTIVTY (SODA FOAM)       

a. The connection between the math 

and science is difficult to see. 
12  10  0 0 1  1.61 (0.89) 

b. This activity is valuable to 

implement in a science class. 
0 1  4  11  7  4.04 (0.83)  

c. This activity is difficult to 

implement in a science class. 
3  16  2  1  1  2.17 (0.89) 

d. I feel comfortable using this 

activity in a science class. 
0 1  5  11  6  3.96 (0.83) 

e. I plan to use this activity in my 

science class. 
1 1  9  11 1  3.43 (0.84) 

SECOND ACTIVITY  

(Discover a particle!) 
      

a. The connection between the math 

and science is difficult to see. 
3  10  4  1  0 2.17 (0.79) 

b. This activity is valuable to 

implement in a science class. 
0 0 3  13  2  3.94 (0.54)  

c. This activity is difficult to 

implement in a science class. 
1  10  3  3  0 2.47 (0.87)  

d. I feel comfortable using this 

activity in a science class. 
1  6  7  0 3  3.71 (0.85) 

e. I plan to use this activity in my 

science class. 
0  2  9  7  0 3.28 (0.67)  
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Define Science and Math Integration. 

Select all that describe what integrating math and science means to you:                                            #   (%) 

 1. Treating math as a tool to conduct science                   67 (82.7) 

 2. Using science to collect real life data for mathematical modeling                 72 (88.9) 

 3. Integrating science and math is the context through which the kids learn                58 (71.6) 

 4. Treating math and science as inquiry based learning                               68 (85.0) 

 5. The context (science) provides motivation which then drives the understanding of the math  61 (75.3) 

 

 

From the 5 descriptions above, which one BEST describes what integrating math and science means to you 

(circle only one option):  

1  2  3  4  5 

13 (16.3) 8 (10)  13 (16.3) 17 (21.3) 29 (36.3) 

From the 5 descriptions above, which one LEAST describes what integrating math and science means to 

you (circle only one option):  

1  2  3  4  5 

23 (29.1) 10 (12.7) 17 (21.5) 11 (13.9) 18 (22.8) 

 

 

The following questions can be answered based on your experience with integrating math or science, or if 

you have never integrated math and science please answer based on your opinions. All questions refer to 

integration of math and science at the HIGH SCHOOL LEVEL. 

 

Note: "I don't know" responses include missing values. 

 

Part A. Difficulty Scale 

1. How difficult is it to integrate math and science in the following: (n=81) 

 
Very 

Difficult 
Difficult Neutral Easy 

Very 

Easy 

I don't 

know 
M (SD) 

a. Lectures 2  14  19  32  12  2  3.48 (1.04) 

b.Classroom Activities 0 1  9  51  18  2  4.09 (0.62) 

c. Assignments 2  1  17  40  20  1  3.94 (0.86) 

d. Tests 4  17  17  32  10  1  3.34 (1.10) 

e. Projects 1  5  7  41  26  1  4.08 (0.88) 

 

 

2. How difficult is it to engage students to participate in an integrated teaching style approach: (n=81) 

 
Very 

Difficult 
Difficult Neutral Easy 

Very 

Easy 

I don't 

know 
M (SD) 

a. Engaging Students 

    through integration 
0 5  24  37  8  7  3.65 (0.77) 

 

 

3. Scheduling. How difficult is it to implement integration of math and science for the following: (n = 81) 

 
Very 

Difficult 
Difficult Neutral Easy 

Very 

Easy 

I don't 

know 
M (SD) 

a. On a daily basis 13  43  11  6  3  5  2.25 (0.97) 

b. Once a week 0 4  21  41  10  5  3.75 (0.75) 

c. Once a month 0 1  4  31  41  4  4.45 (0.66) 

d. Once a semester 0 0 4  10  63  4  4.77 (0.54) 
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Part B. Value Scale 

1. How valuable is it to integrate math and science in the following: (n=81) 

 
Not 

Valuable 

Low 

Value 
Neutral Valuable 

Very 

Valuable 

I don't 

know 
M (SD) 

a. Lectures 0 10 17  36  18  0 3.77 (0.94) 

b. Classroom Activities 0 0 1  45  35  0 4.42 (0.52) 

c. Assignment 1  1  8  39  32  0 4.23 (0.78) 

d. Tests 1  10  19  34 17 0 3.69 (0.98) 

e. Projects 1 0 5  35  40  0 4.40 (0.719) 

 

 

2. How valuable is it to engage students to participate in an integrated teaching style approach:  

 
Not 

Valuable 

Low 

Value 
Neutral Valuable 

Very 

Valuable 

I don't 

know 
M (SD) 

a. Engaging Students 

    through integration 
0 0 6 31  42  2 4.46 (0.64) 

 

 

3. Scheduling. How valuable is it to implement integration for the following: 

 
Not 

Valuable 

Low 

Value 
Neutral Valuable 

Very 

Valuable 

I don't 

know 
M (SD) 

a. On a daily basis 1  10  22  30  14  4  3.60 (0.98) 

b. Once a week 0 3  6  46  23  3  4.14 (0.72) 

c. Once a month 3  8  5  29  33  3  4.04 (1.12) 

d. Once a semester 5  8  4  24  36  4  4.01 (1.24) 

 

 

4. How valuable is integrating math and science for the following: 

 
Not 

Valuable 

Low 

Value 
Neutral Valuable 

Very 

Valuable 

I don't 

know 
M (SD) 

a. Student success 

in  that course 
1  3  19  34  18 6  3.87 (0.88) 

b. Motivating 

students to further 

pursue math and 

science courses 

0 2  11  27  39  2  4.30 (0.81) 

c. Improving self-

efficacy in math 

problem solving 

0 2  6  32  37  4  4.35 (0.74) 
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Part C. Frequency 

1. Based on your teaching placements (or any other form of teaching experience), how frequently did you 

integrate math and science in your math class: 

 Never 
Once a 

semester 

Once a 

month 

Once a 

week 

On a 

daily 

basis 

I didn't 

teach 

math 

M (SD) 

a. Lectures 17  2  6 24 11  20  3.17 (1.52) 

b. Classroom Activities 13  5  15 18  9  20  3.08 (1.37) 

c. Assignments 26  4  15  11  4  20  2.38 (1.38) 

d. Tests 33  3  13  7  4  20  2.10 (1.36) 

e. Projects 31  8  10  6  5  20  2.10 (1.36) 

 

2. Based on your teaching placements (or any other form of teaching experience), how frequently did you 

integrate math and science in your science class: 

 Never 
Once a 

semester 

Once a 

month 

Once a 

week 

On a 

daily 

basis 

I didn't 

teach 

science 

M (SD) 

a. Lectures 14  2  10  20  16  18  3.35 (1.48) 

b. Classroom Activities 14  1  10  25  12  18  3.32 (1.42) 

c. Assignments 14  3  17  19  8  18  3.07 (1.35) 

d. Tests 19  4  23  9  7  18  2.69 (1.35) 

e. Projects 19  6  18  10  8  18  2.70 (1.41) 

 

 

Part D. Perspectives 

On a scale of 1 (Strongly Disagree) to 5 (Strongly Agree), please rate your level of agreement with the 

following statements: 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 

I don't 

know 
M (SD) 

a. Students are 

struggling to see the 

connection between 

math and science in 

high school. 

1  23  15  34  5  3  3.24 (1.00) 

b. It takes more time to 

make an integrated 

lesson plan. 

3  7  13  42  15  1 3.74 (1.00) 

c. It is valuable for 

students to see the 

connection between 

math and science. 

0 0 3  28  49  1 4.58 (0.57) 

d. Students want to see 

science in their math 

class. 

1  9 25  25 9  12  3.46 (0.93) 

e. Students want to see 

math in their science 

class. 

5  24  29  8  6  9 2.81 (1.02) 
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Part E. Implementation. 

1. 
Prior to 

Gr. 7 

Gr. 7  

& 8 
Gr. 9 Gr. 10 Gr. 11 Gr. 12 

I don't 

know 

a. In which grade level(s) 

should math and science 

be integrated. 

64  59 53  51  48  47  3  

 

 

2. 

Locally 

Developed / 

Workplace 

Applied / 

College 

Academic / 

University 

 

None 

a. In which level(s) should integration 

of math and science be implemented. 
63 (78.8) 73 (91.3) 71 (88.8) 1 (1.3) 

b. In which level(s) would you 

minimize the use of math in a science 

class. 

39 (50) 9 (11.5) 8 (10.3) 33 (42.3) 

c. In which level(s) would you derive 

formulas in a science class. 
5 (6.3) 13 (16.3) 76 (95) 2 (2.5) 

Select only ONE answer for the 

following: 
    

d. In which level is it most valuable to 

integrate math and science. 
11 (15.1) 28 (38.4) 31 (42.5) 3 (4.1) 

e. In which level is it most difficult to 

integrate math and science. 
45 (58.4) 5 (6.5) 11 (14.3) 16 (20.8) 

 

 

Part F. Barriers to integrating math and science. 

On a scale of 1 (Strongly Disagree) to 5 (Strongly Agree), please rate your level of agreement with the 

following statements: 

 
Strongly 

Disagree 
Disagree Neutral Agree 

Strongly 

Agree 
M (SD) 

a. I lack integration skills 14  34  22  9  1  2.36 (0.95) 

b. I lack science skills 33  21  10  12  4  2.16 (1.26) 

c. I lack math skills 38  35  6  1  0 1.63 (0.68) 

d. I can think of real world 

examples of math and science 

integration.  

1  3  4  47  25  4.15 (0.78) 

e. There is not enough time to 

network with other teachers to 

create integrated teaching 

strategies. 

4  19  26  27  3  3.08 (0.97) 

f. There is not enough time to 

integrate math and science in the 

curriculum. 

6  34  23 15  2  2.66 (0.95) 

g. There are not enough resources, 

materials, or funds to incorporate 

science concepts into a math class. 

13  26  21  18  2  2.63 (1.08) 
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Please select Yes or No for the following statements: (n=80) 

 YES NO 

a. Would you be interested in trying to incorporate science 

activities in your math class, or math activities in your science 

class if you received activities/help? 

78  2  

b. Overall, do you think integrating math and science is doable 

in a math classroom? 
75  5  

b. Overall, do you think integrating math and science is doable 

in a science classroom? 
80  0 

 

 

For each pair of words below circle the number that best tells how you feel about: 

Mathematics and Science Integration 

 

 1 2 3 4 5  M (SD) 

Harmful 0 0 2  28 49  Beneficial 4.59 (0.54) 

Passive 1  1  13  28 36  Active 4.23 (0.86) 

Mysterious 0 0 20  31  28  Understandable 4.10 (0.78) 

Frill 0 2  25  34  16  Necessary 3.83 (0.79) 

Shallow 1 0 14  29  34  Deep 4.22 (0.83) 

Bad 0 0 10  26  43  Good 4.42 (0.71) 

Strange 1  11  26  27  13  Familiar 3.51 (0.98) 

Simple 2  14  32  26  5  Complicated 3.23 (0.91) 

Confining 0 0 11  24  43  Expanding 4.41 (0.73) 

Sad 0 1  28  27  23  Happy 3.91 (0.84) 

Scared 0 3  33  28  15  Brave 3.70 (0.82) 

Crutch 1  0 12  24  42  Tool 4.34 (0.83) 

Boring 0 2  9  34  34  Exciting 4.27 (0.76) 

Hold back 0 1  26  25  27  Jump in 3.99 (0.86) 

Easy 4  10  33  24  8  Hard 3.28 (0.99) 

Less 0 0 20  26  33  More 4.16 (0.81) 
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Appendix B: Interview Guide 

Sample Interview/Focus Group Questions  

For TEACHERS AND PRE-SERVICE TEACHERS 

 

1. What is your teaching background in math/science/engineering? 

2. How long have you been teaching? 

3. What does integrating math and science look like for you? 

4. What are your experiences with integrating math and science?  

5. Can you provide an example of integration? 

6. What is the impact of integration on your teaching? On your students’ learning?  

7. What are barriers you see in integration for teachers? For students? 

8. What kind of resources/factors help facilitate you to integrate? 
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Appendix C: GREB Approval Letter 
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Appendix D: Letter of Information / Consent Form 

Perspectives of Teachers Regarding the Integration of Mathematics and Science at 

the Secondary School Level 

 

LETTER OF INFORMATION/CONSENT FORM for TEACHERS 

The information collected for this project is confidential and protected under the 

Municipal Freedom of Information and Protection of Privacy Act, 1989. 

 

This research is being conducted by Joanna (Asia) Zolnierczyk, a M.Ed student, of the 

Faculty of Education at Queen’s University in Kingston, Ontario. This study has been 

granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. 

What is this study about?  The purpose of my research study will be to determine the 

constraints and benefits of integrating mathematics and science in Ontario secondary 

schools based on the perspectives of four different groups: pre-service math teachers, pre-

service science teachers, teachers who teach both math and science, and science teachers 

without math as a teachable subject. Where integration is difficult and valuable will be 

examined, such as lectures or projects to determine what aspects of a math or science 

course could use integration. Furthermore, possible resources and factors that help 

facilitate integrating math and science will be examined to further assist the progression 

of integrating math and science in the classroom. 

What will this study require? I would like to invite you to participate in a 30 minute 

individual interview either in person, over the phone, or on Skype at your most 

convenient time. With your permission, the interview will be audio-recorded. The results 

will be used to support my research. At no time, will these results be used in any way to 

monitor teacher performance. 

Is participation voluntary? Your participation is completely voluntary and choosing not 

to participate will not result in any adverse consequences. There are no known physical, 

psychological, economic, or social risks associated with this study. Further, you are free 

to choose, without reason or consequence, to refuse to answer any questions or withdraw 

from the interview at any time. To withdraw from the study and get your data removed 

you can contact the principal Investigator, Joanna (Asia) Zolnierczyk, via email or phone 

at 8jz1@queensu.ca or (613) 876-7595. Withdrawal of information can be done prior to 

submission of thesis paper (approximately July 1 2015). In recognition of your time, you 

can choose to be entered in a draw for a $50 gift certificate. 

What will happen to my responses?  The interview recording will be transcribed after 

which the recording will be destroyed.  All electronic files will be password protected. 

Paper and audio data will be secured in a locked cabinet. Your responses during the 

interview will be kept anonymous. Comments you make during the interview may be 

used to inform my work but at no time will your name or personal information be used or 

published. Information provided from the interviews will appear in final publications 

only as aggregate results but in some cases individual responses will be discussed using 
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codes (i.e. teacher #1). Thus I will protect your confidentiality to the extent possible. The 

data will be used to inform my research. Only I will have access to the data. I may also 

publish or present our findings in professional or academic journals and conferences. In 

accordance with the Queen’s University policy, we will maintain copies of the transcripts 

for a minimum of 5 years and may use the anonymous data in subsequent research. 

What if I have concerns?  Any questions about study participation may be directed to 

Joanna (Asia) Zolnierczyk at (613) 876-7595 or at 8jz1@queensu.ca. Any ethical 

concerns about the study may be directed to the Chair of the General Research Ethics 

Board at chair.GREB@queensu.ca or (613) 533-6081. 

Again, thank you. Your interest in participating in this research study is greatly 

appreciated. Please sign the below indicating your willingness to participate in this 

research. Please retain the second copy of this letter for your records. 

I am willing to participate in the interview for the purposes of the research, and have my 

comments recorded. 

Please sign one copy of this LOI/Consent Form and return to Joanna (Asia) 

Zolnierczyk.  Retain the second copy for your records. 

I have read and retained a copy of the Letter of Information/Consent Form and had any 

questions answered. I freely consent to participate in this study. 

Participant’s Signature: 

_______________________________________________________ 

Date: __________________________   
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Perspectives of Teachers Regarding the Integration of Mathematics and Science at 

the Secondary School Level 

LETTER OF INFORMATION/CONSENT FORM for PRE-SERVICE 

TEACHERS 

This research is being conducted by Joanna (Asia) Zolnierczyk, a M.Ed student, of the 

Faculty of Education at Queen’s University in Kingston, Ontario. This study has been 

granted clearance according to the recommended principles of Canadian ethics 

guidelines, and Queen's policies. 

What is this study about?  The purpose of my research study will be to determine the 

constraints and benefits of integrating mathematics and science in Ontario secondary 

schools based on the perspectives of four different groups: pre-service math teachers, pre-

service science teachers, teachers who teach both math and science, and science teachers 

without math as a teachable subject. Where integration is difficult and valuable will be 

examined, such as lectures or projects to determine what aspects of a math or science 

course could use integration. Furthermore, possible resources and factors that help 

facilitate integrating math and science will be examined to further assist the progression 

of integrating math and science in the classroom. 

What will this study require? I would like to invite you to participate in an activity 

(approximately 30 minutes) integrating mathematics and science and then complete a 

survey (approximately 10 minutes to complete in person) involving questions regarding 

the activity as well as your perspectives and/or experiences with integrating math and 

science.  In addition, I would like to invite you to participate in a 1hr focus group 

interview. With your permission, the focus group will be audio-recorded. Not all those 

who volunteer to participate in the focus group will be selected. Only 5-8 candidates will 

be chosen. I will select 5-8 teacher candidates who reflect a diversity in their teaching 

backgrounds (math and science), such that all science teachable subjects: chemistry, 

physics, and biology will be present in at least one candidate. Furthermore, some 

candidates will have math and a science as a teachable subject while some candidates will 

have math and a non-science teachable subject. Total time for study will be 

approximately 40 minutes if you only complete the activity and survey or 1hr and 40 

minutes if you are chosen to participate in the focus group in addition to the survey. The 

results will be used to support my research. At no time, will these results be used in any 

way to monitor teacher performance. 

Is participation voluntary? Your participation is completely voluntary and choosing not 

to participate will not result in any adverse consequences. There are no known physical, 

psychological, economic, or social risks associated with this study. Further, you are free 

to choose, without reason or consequence, to refuse to answer any questions or withdraw 

from the focus group at any time. Withdrawal of information from the focus group can be 

done prior to submission of thesis paper (approximately July 1 2015). Surveys will be 

completed anonymously so it will not be possible for participants to withdraw their 

survey data once it has been submitted online or given to the researcher. Focus group 

participants who wish to withdraw may ask that their data be removed by contacting the 

principal Investigator, Joanna (Asia) Zolnierczyk, via email or phone at 8jz1@queensu.ca 

or (613) 876-7595. In recognition of your time, you can choose to be entered in a draw 

for a $50 gift certificate. 



 

124 

 

What will happen to my responses?  The focus group interview recording will be 

transcribed after which the recording will be destroyed.  All electronic files will be 

password protected. Paper and audio data will be secured in a locked cabinet. Your 

responses during the focus group will be kept anonymous. Comments you make during 

the focus group may be used to inform my work but at no time will your name or 

personal information be used or published. Information provided from the focus group 

will appear in final publications only as aggregate results but in some cases individual 

responses will be discussed using codes (i.e. pre-service teacher #1). Thus I will protect 

your confidentiality to the extent possible. The data will be used to inform my research. 

Only I will have access to the data. I may also publish or present our findings in 

professional or academic journals and conferences. In accordance with the Queen’s 

University policy, we will maintain copies of the transcripts for a minimum of 5 years 

and may use the anonymous data in subsequent research. 

What if I have concerns?  Any questions about study participation may be directed to 

Joanna (Asia) Zolnierczyk at (613) 876-7595 or at 8jz1@queensu.ca. Any ethical 

concerns about the study may be directed to the Chair of the General Research Ethics 

Board at chair.GREB@queensu.ca or (613) 533-6081. 

Again, thank you. Your interest in participating in this research study is greatly 

appreciated. Please sign the below indicating your willingness to participate in this 

research. Please retain the second copy of this letter for your records. 

I am willing to participate in the activity and survey and/or focus group for the purposes 

of the research, and have my comments recorded. 

Please sign one copy of this LOI/Consent Form and return to Joanna (Asia) 

Zolnierczyk.  Retain the second copy for your records. 

I have read and retained a copy of the Letter of Information/Consent Form and had any 

questions answered. I freely consent to participate in this study. 

Participant’s Signature: 

_______________________________________________________ 

Date: __________________________  

 

 


