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ABSTRACT 

 Educators have long recognized that integration of science and mathematics is 

one way of connecting classroom experiences of students with the way science and 

mathematics are used in the real world. However, literature documenting use of this 

approach to teaching is limited. Although this method of teaching has been endorsed 

by national associations of educators in various disciplines, it is rarely used in schools.  

 Several studies have documented attempts to engage preservice teachers in 

integration activities. However, very few studies involving inservice teachers were 

identified. Reports of studies conducted with preservice teachers, inservice teachers, 

and students using integrated science and mathematics teaching identified benefits as 

well as barriers to integration. The benefits of an integrated approach to teaching 

science and mathematics identified for middle school students are consistent with the 

middle school concept espoused by the National Middle School Association (NMSA, 

2003).  

 This study investigated inservice middle school teachers‘ perceptions of 

teaching science and mathematics in an integrated manner and identified changes in 

perception as these teachers engaged in an integration-focused online education 

course. Factors which facilitated or hindered integration efforts were also explored. A 

qualitative method was used to conduct this research. Multiple methods of data 

collection were utilized to gather data from manifold sources within the online course. 

Data was analyzed using a constant comparative method. 
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 Results of the study showed distinct changes in participants‘ perceptions of 

integration as they experienced integration-related activities and explored integrated 

teaching in their classrooms. Increased knowledge of content and pedagogy acquired 

through the online course and collaboration with colleagues, coupled with positive 

student reactions to integrated lessons, convinced these teachers that integration is an 

effective method of stimulating middle school students‘ interest in science and 

mathematics, and also of improving student achievement in these disciplines.  
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CHAPTER I 

INTRODUCTION 

 

 

More than one hundred years ago, astute educators recognized that the practice 

of teaching science and mathematics as separate disciplines did not emphasize the 

interrelatedness of these fields of study, nor was it reflective of the way these 

disciplines were used in the real world. The School Science and Mathematics 

Association (SSMA), the oldest professional organization connecting mathematics and 

science in the United States, was founded in 1901 (Isaacs, Wagreich, & Gartzman, 

1997). The mission of SSMA includes advancing the integration of school science and 

mathematics (SSMA Website, 2009). The formation of SSMA signaled that educators 

were striving to change perceptions about science and mathematics instruction and 

thereby address the misalignment of classroom instruction and real life applications of 

both disciplines. National leaders soon endorsed the idea of integration and, in a 

presidential address to the American Mathematical Society in 1902, E. H. Moore, 

mathematician and head of the mathematics department at the University of Chicago, 

advocated reforms in mathematics and science teaching with support for integration of 

these disciplines (Frykholm & Glasson, 2005). 

Efforts to modify the single-discipline approach of teaching and learning 

science and mathematics have been ongoing throughout the past century, with 

intermittent spurts of advocacy for integration. Increased emphasis on reform over the 

past four decades has led to national organizations joining the call for integration of 

these disciplines. The National Science Education Standards (National Research 
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Council [NRC], 1996), in program Standard C, stressed, ―The science program should 

be coordinated with the mathematics program to enhance student use and 

understanding of mathematics in the study of science and to improve student 

understanding of mathematics‖ (p. 214). The integration of science and mathematics 

was also emphasized by the National Council of Teachers of Mathematics (NCTM, 

2000), ―The process and content of science can inspire an approach to solving 

problems that applies to the study of mathematics‖ (p. 66).  

The importance of curriculum integration in the middle school has been the 

focus of research by Venville, Wallace, Rennie, and Malone (1998, 2001). Two major 

areas of concern in education, ―integration of curriculum and the concept of middle 

schooling‖ (p. 294) were identified, and Venville et al. (1998) argued that curriculum 

integration is a means of achieving basic educational goals. In a subsequent report, 

Venville et al. (2001) emphasized ―A fundamental goal of education in the middle 

school years is to deliver a curriculum relevant to students entering early adolescence‖ 

(p. 300). 

Classroom teachers have been identified as critical agents of change (Battista, 

1994; Cuban, 1990) and their central role in educational reform has been recognized 

(American Association for the Advancement of Science, 1989). Wenglinsky (2000) 

zeroed in on the connection between teachers‘ practice and student achievement, 

―Changing the nature of teaching and learning in the classroom may be the most direct 

way to improve student outcomes‖ (p. 11). Other authors have alluded to a direct 

correlation between student achievement and teachers‘ practice in the classroom 

(Cuban, 2007; Hanushek, 2004). The link between teachers‘ pedagogy and the 



Texas Tech University, Bibi Ganesh, May 2010 

 3 

academic future of the nation‘s children was further emphasized, ―how teachers teach 

– their classroom pedagogy – is a powerful tool in getting students to learn and 

succeed‖ (Cuban, 2007, p. 3). 

In summary, connections between integration of science and mathematics, 

teachers‘ classroom practice, and education in middle school have been the focus of 

researchers‘ attention for many years. Benefits such as improved achievement on tests 

(Friend, 1985; Judson & Sawada, 2000) exist for students. Additionally, avenues for 

collaboration with colleagues are open for teachers who engage in an integrated 

approach to teaching science and mathematics. This study attempted to gain insights 

about classroom teachers‘ perceptions of integrated teaching and learning of science 

and mathematics in the middle school.    

STATEMENT OF THE PROBLEM 

 

Renewed interest in integration across the curriculum over the past several 

decades signaled acknowledgement of this approach as an appropriate way of teaching 

and learning (Wicklein & Schell, 1995). Arguments abound for change from 

traditional pedagogy and efforts to integrate mathematics and science instruction are 

ongoing; however, relatively few studies document implementation of such 

integration. Friend (1985) pointed to the absence of integration efforts in schools, 

―Most students have never learned, by experience, that there is a relationship between 

the world of science and the operations of mathematics‖ (p. 453). Although many 

documents were published about the integration of mathematics and science, very 

little was done to implement integrated curricula (Francis and Underhill, 1996). 
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Watanabe and Huntley (1998) also recognized the sparse efforts at implementation of 

integrated approaches in schools and claimed ―classroom instruction emphasizing 

mathematics–science connections remain an exception rather than a norm‖ (p.190).  

RATIONALE FOR THE STUDY 

The limited number of integrated science and mathematics research studies 

that have been reported signals underlying issues pertinent to implementation. While 

several studies have documented attempts to engage preservice teachers in integration 

activities (e.g. Frykholm & Glasson, 2005; Furner & Kumar, 2007; Koirala & 

Bowman, 2003; Pang & Good, 2000), relatively few studies involving inservice 

teachers were identified. Wicklein and Schell (1995) reported on a multidisciplinary 

study connecting science, mathematics, and technology, and identified several 

difficulties with integration of mathematics and science in their project schools. 

Among the problems reported were (1) in the integrated program ―the artificial 

boundaries of school-based learning continued to exist‖ (p. 65) and (2) teachers did 

not work well as a team.  

In investigating integrated mathematics and science teaching in middle grades 

classes, Huntley (1999) conducted a case study with two experienced middle school 

teachers whose ―goal of instruction was to dissolve the disciplinary boundaries 

between mathematics and science‖ (p. 60). Instruction by the participants focused on 

either mathematics or science, but not on both (Huntley, 1999). After comparing 

information about integration gathered during ―classroom teaching practices and 

extended discussions about their beliefs and teaching practices‖ (p. 66), Huntley 

concluded that participants struggled with integration of mathematics and science in 
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the middle school curriculum and the extent to which they practiced integrated 

teaching of these disciplines was limited. 

Reporting on a study conducted with one teacher of mathematics and one 

teacher of science of 8
th

 grade students who participated in an integrated unit, Judson 

and Sawada (2000) stated, ―student performance in mathematics is enhanced when 

mathematical concepts are integrated into science activities‖ (p. 422). However, 

results of the integrated project ―had little impact on the pedagogy of the mathematics 

teacher‖ (p. 422) who, despite showing excitement about students‘ achievement on the 

math test, was ―content to stay with her normal [rule-based] teaching‖ (p. 422). Judson 

and Sawada‘s report provided empirical evidence that integration of science and 

mathematics teaching in middle school enhances students‘ mathematics achievement. 

Additionally, the report highlighted the importance of teachers‘ willingness to 

embrace a reform method of teaching to facilitate integration efforts in schools. 

Awakening early interest in science and mathematics and increasing student 

achievement in these subjects are extremely important in preparation for further 

education and career opportunities. Achievement in middle school mathematics and 

science is used as criteria for students‘ enrollment in advanced mathematics and 

science courses in high school. Exposure to rigorous high school science and 

mathematics courses affords students choices for higher education and careers in these 

disciplines (Singh, Granville, & Dika, 2002). Therefore, an integrated science and 

mathematics curriculum in the middle school is critical for tapping into students‘ 

academic potential in these subjects.  
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The literature examination highlighted a mismatch between ongoing calls for 

the teaching and learning of science and mathematics in an integrated manner and 

actual classroom practice. In addition, a chain reaction exists between middle school 

students‘ achievement in science and mathematics, opportunities for pursuing further 

studies in these subjects in high school, and future careers in these disciplines. This 

highlights a critical need for both a rigorous and engaging curricula and pedagogical 

changes. The limited number of studies on integration practices in classrooms, along 

with findings reported by researchers such as Wicklein and Schell (1995) and Huntley 

(1999), indicate inservice teachers‘ perceptions about integration of science and 

mathematics and their efforts at implementing integrated curricula need to be 

examined.  

A final justification for this study was presented by Berlin and Lee (2003) who 

pointed to ―a critical need for careful conceptualization and additional research on 

integrated science and mathematics teaching and learning for all grade levels and 

teacher preparation and enhancement programs‖ (p. 9). Although this study was 

conducted with middle level inservice mathematics and science teachers, it differs 

from Huntley‘s (1999) study in several ways:  

1. The number of participants (22 compared to 2). 

2. The participants were enrolled in a graduate level course focusing on the 

teaching of science and mathematics in an integrated manner. 

3. Enactment of five integrated lessons was built into the course syllabus. 
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4. Data were collected from several sources such as participants‘ written work, 

(assignments), online discussions, video tapes of integrated lessons, written 

reflections of enacted lessons, and interviews. 

5. Participants were drawn from several schools in different parts of the state. 

6. Participants collaborated in teams of at least one mathematics teacher and 

one science teacher.  

Information about teachers‘ perceptions and instructional practices relating to 

integration of science and mathematics gleaned from this study will inform educators, 

as well as policy makers, about current integration practices in middle schools and will 

also identify factors which affect ongoing integration efforts.  

DEFINITION OF TERMS 

Specific terms other researchers have regarded as interchangeable with the 

term integration are defined below. 

Thematic: This term is derived from theme, which is defined as ―a topic, concept, 

problem, or issue providing both a focus and organizing framework that guide the 

development of a cohesive, interrelated series of lessons or activities‖ (Lonning, 

DeFranco, & Weinland, 1998; p. 312). 

Interdisciplinary: According to Lonning et al. (1998), interdisciplinary refers to ―a 

knowledge view and curriculum approach that consciously applies methodology and 

language from more than one discipline to examine a central theme, issue, problem, 

topic, or experience‖ (p. 312). Additionally, in an interdisciplinary approach, 

―connections are also made with content through teaching concepts that cut across 

subject areas‖ (Association for Supervision and Curriculum Development, 2003). 
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Integrated: The term integrated describes the nature of the relationship between two or 

more disciplines which are included in an interdisciplinary unit (Lonning et al., 1998). 

The following definition of integrated curriculum elaborates further, ―An integrated 

curriculum is one in which a teacher, or teachers, explicitly assimilates concepts from 

more than one discipline during instruction. It is typified by approximately equal 

attention to two (or more) disciplines‖ (Huntley, 1998, p. 321). 

Multidisciplinary: This term refers to two or more subjects organized around a 

common theme or topic; or different disciplines which may be used as "lenses" to 

explore a problem or issue. In a multidisciplinary approach, explicit connections 

across subject areas are attempted (Association for Supervision and Curriculum 

Development, 2003). 

Connections: Frykholm and Glasson (2005) proposed ―subtle shifts‖ in the language 

used to describe integration of science and mathematics and used the term 

―connections‖ synonymously with integration. Cawley and Foley (2002) also used the 

term ―connections‖ to describe what occurs when they ―inject science topics‖ (p. 14) 

into mathematics lessons. 

Correlations: West and Tooke (2001) proposed that connections between science and 

mathematics should be called ―correlations‖ while Vasquez-Mireles and West (2007) 

explained that ―the notion of correlation expands integration to create a lesson in 

which concepts from both disciplines are almost equally taught‖ (p. 47). 

Inquiry: Inquiry is a learner-focused method of teaching which, according to  Strasser, 

Babcock, Cowan, Dallis, Gothold, & Rudolph (1971), is ―directed toward the 

development of students who are more autonomous in initiating and directing their 
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own learning‖ (p. 11). When an inquiry approach is used in the classroom, students are 

put in situations ―where they use what they know and are allowed to do what makes 

most sense to them as they work‖ (Strasser et al., p. 13). 

 For the purpose of this study, the word integration refers to intentionally 

teaching and utilizing of concepts, processes and skills, relevant to both science and 

mathematics, in the same lesson.  

RESEARCH QUESTIONS 

The following questions guided the research: 

1. What perceptions do inservice middle school teachers have about using an 

integrated approach to teach science and mathematics in middle school? 

2. How do inservice middle school teachers‘ perceptions of using an integrated 

approach to teaching science and mathematics in middle school change as they 

engage in an online education course focusing on such integration? 

3. What changes in practice do inservice teachers report as a result of 

collaboration with their mathematics or science team mate(s) while 

participating in an online course focused on integrative practices?  

OVERVIEW 

 Chapter II presents a review of relevant literature highlighting efforts to 

integrate science and mathematics teaching and learning. A summary of arguments for 

and against integration are included and an outline of events leading to a working 

definition of the term integration is provided.  
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Chapter III outlines the methodology employed to conduct the study and is 

accompanied by theoretical underpinnings of each component. The participants are 

described, data collection sources and methods are discussed, and strategies for data 

analysis are presented. Data collection sources include participants‘ written work, 

online discussions, weekly reflections, interviews, and classroom observations.  

Chapter IV provides the analysis and presentation of data. Narrative is used to 

report the experiences of participants within the social context of the classroom. The 

participants‘ thoughts, feelings, and actions in the classroom setting are examined 

through my reflective lenses and are interpreted and analyzed in accordance with the 

purpose of this study.  

Chapter V presents a summary of the study. Conclusions are drawn, and 

recommendations for integration of science and mathematics in schools, as well as 

teacher preparation programs, are identified and discussed. Limitations of the study 

and areas of further research also appear in this chapter. 

SIGNIFICANCE OF THE STUDY 

Increasing global demand for a workforce skilled in both science and 

mathematics signals the importance of preparing students to be successful in both. 

Through an integrated approach to teaching in the middle school, students experience 

the interrelatedness of science and mathematics at a critical stage of their 

development. Additionally, integration affords students opportunities to apply 

knowledge and skills of science and mathematics to solve real world problems.  

Classroom practice of teachers directly influences student learning and 

subsequently their success (Cuban, 2007; Hanushek, 2004; Wenglinsky, 2000). 
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Participating in integrated science and mathematics programs was identified as one 

way of addressing deficits in United States mathematics and science curriculum 

(Isaacs et al., 1997). Instead of individual teachers touching briefly on several topics in 

each discipline and teaching in a fragmented manner, teachers of mathematics and 

science who engage in integration teach concepts of both disciplines in more depth by 

planning collaboratively and teaching topics simultaneously and contextually. This 

argument is supported by Vasquez-Mireles and West (2007) who posited that 

integrated teaching provides opportunities for students to see naturally existing links 

between mathematics and science, and to experience ―a more realistic learning 

environment and thus better preparation for life and/or college‖ (p.49). Pursuit of 

higher education in science and mathematics for a larger number of United States 

students will create a larger pool of qualified persons to compete for critical jobs in the 

global community. 

This research provides detailed information about inservice middle school 

science and mathematics teachers‘ perceptions of integrated science and mathematics 

teaching and how their classroom practice has been affected by ongoing education 

about this teaching approach.  
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CHAPTER II 

REVIEW OF LITERATURE 

INTRODUCTION 

 This study investigated middle school teachers‘ perceptions of science and 

mathematics integration to determine if and how changes in these perceptions 

occurred with exposure to integrated teaching and learning materials and collaboration 

with one or more science and/or mathematics teammate(s). An examination of 

relevant literature, garnered through casting a ―wide net‖ (Glesne, 2006), is presented 

in an effort to connect past and more recent reports on integration efforts and to create 

a framework for the study. The literature is organized under various headings outlining 

attempts to integrate science and mathematics, the effectiveness of such efforts, and 

issues arising from integration efforts. A synopsis of literature regarding teachers‘ 

perceptions is also presented. 

HISTORICAL PERSPECTIVE 

 Documents reveal that movement towards the integration of mathematics and 

science education is over a century old. Although efforts to integrate science and 

mathematics dated back to at least the beginning of the twentieth century (Isaacs et al., 

1997), there is no clear definition of integration. Venville et al. (2001) affirmed that 

―integration is not a new phenomenon and it has endured ... over the past century‖ (p. 

3). Frykholm and Glasson (2005) reported that, in a presidential address to the 

American Mathematical Society in 1902, E. H. Moore advocated reforms in 

mathematics and science teaching with support for integration of these disciplines. 

Based on the current global demand for personnel skilled in both mathematics and 
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science, the call for integration of these disciplines more than a century ago was 

visionary. 

Calls for reform prompted reorganization of science and mathematics 

instruction, and focused on integration. Such reorganization of academic curriculum 

was fraught with criticism. Public reaction to integration over the years was typical of 

reactions to innovations in educational programs today - it was viewed as worthy of 

adopting at various points in time and viciously attacked at other times. Venville et al. 

(2001) succinctly described the fate of integration over the years as ―alternate waves 

of popularity and ill repute‖ (p. 3). Information about early attempts at integration 

suggests that an interdisciplinary approach was used during the first half of the 20th 

century. Hurley (2001) stated, ―Science was usually taught in connection with an 

abbreviated mathematics, and the entire curriculum was taught through a societal 

theme‖ (p. 259). Reviews of later research focused on interdisciplinary studies in 

general, or on integrated mathematics and science specifically (Hurley, 2001).  

RECENT FOCUS ON INTEGRATION 

Over the past several decades, renewed interest in integration across the 

curriculum signaled acknowledgement of this approach as an appropriate way of 

teaching and learning (Wicklein & Schell, 1995). Educators and researchers have 

advanced much argument for change from traditional pedagogy. Roth (1993) 

postulated that the traditional methods of teaching, as evidenced by ―tightly controlled 

classrooms dominated by lectures, whole-class teacher-centered interactions, and 

demonstrations,‖ have failed because they do not focus on the learner. He emphasized 

that ―learning is a cognitive apprenticeship through which learners are enculturated 
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into the genuine practice of the fields of study‖ (p. 113). The problem with schooling, 

argued Roth, is the lack of connection between skills learned in the classroom and 

skills needed to solve problems in the real world. Czerniak, William, Sandmann, and 

Ahern (1999) proposed that a viable alternative to this disconnected practice would be 

a curriculum designed to address the issues identified by Roth (1993) and argued that 

curriculum integration plays a pivotal role in ―creating schools that focus on the needs 

and interests of students‖ (Czerniak et. al, 1999, p.1).  

Meanwhile, Beane (1993) contended that experiences and meaning are 

fundamental parts of integration. ―An integrative curriculum works off the idea that 

genuine learning occurs as people ‗integrate‘ experiences and insights into their 

scheme of meanings‖ (p. 18). Beane (1995) further postulated that ―the central focus 

of curriculum integration is the search for self-and social meaning‖ (p. 616) which is 

closely intertwined with the disciplines of knowledge (content). Advantages of 

integrating disciplines, argued Czerniak et al. (1999), include critical thinking skills, 

deeper understanding, ‗big‘ picture view, relevant curriculum, connections among 

central concepts, and increased interest and motivation in school. Although these 

arguments were put forth at least a decade ago, they are as relevant today as they were 

then. 

Recommendations for reform of science and mathematics teaching, stressing 

the benefits of integration or making connections in curriculum, were issued by 

national organizations such as NCTM and the National Association for the 

Advancement of Science. Emphasis was placed on making connections between 

mathematics and other areas of the curriculum by NCTM (1989), while both the 
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National Science Education Standards (NRC, 1996) and NCTM (2000) endorsed 

integration of science and mathematics.  

The need for integration or making connections in curriculum was also 

recognized and endorsed by national organizations of other content areas (National 

Council of Teachers of English [NCTE], 1996; National Council for the Social Studies 

[NCSS], 1994) and middle school education (National Middle School Association 

[NMSA], 1982, 1993). The push for reform by these organizations and other 

influential advocates necessitated a review of curriculum and reassessment of 

education practice across disciplines. Subsequently, there was a surge of interest in the 

―role and nature of thematic, interdisciplinary, integrated (I/I) curriculum‖ (Lonning, 

et al., 1998, p. 312). Although national organizations (NCSS, NCTE, NCTM, NMSA, 

and NRC) support integration across disciplines, traditional disconnected practice is 

still the norm in most schools. This leads one to ponder if the concept of integration is 

clear to everyone involved in education, such as policy makers, curriculum 

developers, administrators, and educators. 

THE MEANING OF INTEGRATION 

―Definitions are basically conventions, general agreements among researchers 

that a particular term will represent a specific concept‖ (Pajares, 1992; p. 315). 

Interdisciplinary, thematic, or integrated, what is the difference? This question has 

plagued science and mathematics educators for several decades. The lack of consensus 

about the meaning of integration across the academic community has been reported by 

many authors (Berlin, 1994; Berlin & White, 1992; Davidson, Miller, & Methany, 

1995; Lederman & Niess, 1997; Pang & Good, 2000). The importance of integration 
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of science and mathematics instruction, and the lack of consensus about the meaning 

of integration, were of such serious concern to educators that a special conference was 

organized to resolve the dilemma. The Wingspread Conference was held in 1991 with 

the purpose to:  

gain a better understanding of integrated science and mathematics teaching and 

learning by focusing on three critical elements: (a) developments of 

definition(s) of integration and a rationale for integrated teaching and learning 

of science and mathematics, (b) specification of guidelines for infusion of 

integrated teaching and learning of science and mathematics into school 

practice, and (c) identification of high priority research questions related to 

integrated teaching of science and mathematics. (Berlin & White, 1992, p. 340) 

 

More than 60 scientists, mathematicians, science and mathematics teacher educators, 

teachers, curriculum developers, educational technologists, and psychologists attended 

the Wingspread Conference in Chicago. Unfortunately, after much deliberation, 

conference participants did not reach an agreement on the definition of the integration 

(Berlin and White, 1992).  

Three major yet differing views of integration were adhered to by specific 

groups of participants. A working definition, ―Integration fuses mathematical methods 

into science and science methods into mathematics such that it becomes 

indistinguishable as to whether it is mathematics or science‖ (Berlin & White, 1992, p. 

341) was proposed. Lederman and Niess (1997) suggested a similar definition and 

used the metaphor ―tomato soup‖ (p. 57) as an apt description of integration. Some 

participants disagreed with the working definition because they believed integration of 

science and mathematics should maintain the main characteristics of each discipline. 

This view of integration fits what Lederman and Niess (1997) defined as 

interdisciplinary, and described by the metaphor ―chicken noodle soup‖ (p. 57). The 
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third view, held by some participants, was that there should be no integration of 

science and mathematics. They refuted the idea of integration because of strong 

convictions that important discipline specific characteristics will be lost through 

merging of the subjects. While many conference participants agreed that teaching of 

science and mathematics should be connected, the extent to which these subjects 

should be integrated was still unclear (Berlin & White, 1992).  

Lederman and Niess (1997) defined thematic as pertaining to ―unifying or 

underlying commonalities among subjects or topics‖ (p. 57) and identified problem 

solving, critical thinking, and decision making as themes with which most educators 

are familiar. However, the interchangeable use of the terms integrated, 

interdisciplinary, and thematic, and the ensuing confusion of meaning, is evident in (a) 

the case made for thematic approach proposed by Lonning et al. (1998), ―themes seem 

to be the key to providing instruction that is potentially more meaningful when taught 

in an interdisciplinary fashion‖ (p. 312), and (b) the claim by Lederman and Niess 

(1997), who are ardent supporters of interdisciplinary instruction, ―individuals 

advocating either integrated or thematic instruction apparently have blurred vision‖ (p. 

58). 

Multidisciplinary, another term often used in reform literature (Lonning et al., 

1998; Wicklein & Schell, 1995), emphasizes using aspects of several disciplines to 

enhance the effectiveness of each. Technology is often used as a tool to connect 

disciplines such as science, mathematics, art, and architecture, thereby creating a 

multidisciplinary approach to teaching and learning. The term multidisciplinary is 

sometimes used synonymously with interdisciplinary, integrated, and thematic.  
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BENEFITS OF INTEGRATION 

Although there is no universal understanding of the meaning of ‗integration‘, 

research studies have reported on the advantages of integrating science and 

mathematics teaching and learning. Improving mathematics understanding and 

revealing the usefulness of mathematics have been stated as reasons for integrating 

mathematics into science activities for middle school students (Sherrod, Dwyer, & 

Narayan, 2009). Incorporating mathematics into science lessons result in enhancement 

of learning in both disciplines (Sherrod et al.).  Connections with the real world and 

equity issues were presented as benefits of integration of science and mathematics by 

Davidson et al. (1995). These authors argued that in addition to making both 

disciplines relevant because of their application to each other, integration will help 

students connect mathematics and science to their experiences in the real world. They 

also stressed the need for ‗continuity‘ between schooling and life outside of school for 

all students, especially for low-income and minority students, and identified 

integration of science and mathematics as one way of providing continuity. 

Frykholm and Meyer (2002) emphasized the importance of today‘s students 

knowing ―when, where, and how mathematics fits in real world contexts‖ (p. 503) and 

suggested students can obtain such knowledge if mathematics is integrated with other 

subjects, especially science. They argued that science contexts support mathematics 

learning by highlighting the need for the study of various mathematical topics. Such 

contexts can serve as sources of practice or application of mathematics concepts or 

skills and also as ―authentic source[s] of new mathematics‖ (p. 503).  
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Wilhelm and Walters (2006) highlighted the benefits of providing rich contexts 

with real world connections for mathematics and science learning. Their study focused 

on preservice middle school and secondary mathematics and science teachers who 

conducted ―inquiry activities using the constructivist inquiry model‖ (p. 795). 

Opportunities were provided for preservice teachers to learn ―inquiry by doing 

inquiry‖ (p. 797) through activities focused on different types of motion and the 

Moon. The ensuing classroom atmosphere was ―conducive to the understanding of 

mathematical and scientific concepts‖ (p. 798). Based on the results of their study, 

Wilhelm and Walters concluded, ―By teaching contextualized mathematics and 

applied science within inquiry-based laboratories, both mathematics and science 

content knowledge can be achieved‖ (p. 803-804). 

Isaacs et al. (1997) put forth several reasons for integration of science and 

mathematics. They argued that integrated teaching led to enhancement of student 

learning through presentation of concepts in meaningful contexts, provided children 

with engaging experiences, focused on ―conceptual learning‖ (p. 184), and used time 

efficiently. They also claimed that ―the scientific approach to mathematics – arriving 

at mathematical patterns through inductive reasoning on quantitative data – can make 

ideas more accessible to students‖ (p. 185). Isaacs et al. emphasized that, since 

mathematics and science are ―linked both in public perception and in public policy‖ 

(p. 184), teaching of these subjects as separate disciplines is meaningless.  

Another argument supporting integration relates to international comparisons 

in science and mathematics achievement. Schmidt, McKnight, and Raizen (1997) 

reported that analysis of the Third International Mathematics and Science Study 
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(TIMSS) data showed United States mathematics and science curricula to be 

―fragmented, unfocused, and excessively broad‖ (Isaacs et al., 1997, p.186). Daniels, 

Bizar, and Zemelman (2001) reported that integration was seen as a method of 

fostering in-depth examination of fewer topics, so integration of science and 

mathematics is one way of overcoming observed curricular deficits. By unearthing the 

mathematics embedded in science contexts and learning the mathematics concepts 

needed to complete science tasks, more emphasis would be placed on the process of 

doing mathematics and science. As a result, the focus of integrated programs would be 

on understanding mathematics concepts and developing skills, which are essential for 

the study of science. Therefore, science and mathematics learning would complement 

each other and the curricula strengthened. However, Isaacs et al. (1997) recognized 

that integrating science and mathematics curricula would be a complex task and 

alluded to the following underlying factor which may negatively affect integration 

efforts, ―Integrated curricula have to contend with the forces that have splintered the 

U.S. mathematics and science curricula‖ (p. 186). 

Davidson et al. (1995) presented connection with the real world and the issue 

of equity as benefits of integrated science and mathematics. In addition to making both 

disciplines relevant because of their application to each other, Davison et al. claimed 

integration will provide all students with opportunities to connect mathematics and 

science with their experiences in the real world. This argument is supported by 

Wilhelm (2008) who examined gender differences in middle school students‘ 

understandings of lunar phases. In this study, students ―interacted with the Moon 

through observations, sketching, journaling, two-dimensional and three dimensional 
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modeling, and classroom discussions‖ (p. 1). Wilhelm concluded, ―scientific and 

mathematical understandings can be significantly improved for both sexes through the 

use of spatially-focused, inquiry-oriented curriculum‖ (p.1).  

Leonard and Dantley (2005) asserted that integration of science and 

mathematics ―can be a means of addressing diversity‖ (p. 104). They pointed out that 

because of the diversity of children in schools, it is important to be mindful of how we 

teach so that ―students of color become mathematically and scientifically literate‖ (p. 

112). National Assessment of Educational Progress (NAEP) scores show that African 

American, Hispanic and American Indian/Alaskan native students perform lower than 

their white counterparts in mathematics and science. In 2005, Black and Hispanic 

students score lower than White students at all three grade levels tested: fourth, eighth, 

and twelfth while a gap of 32 points existed between White-Black, and 26 points 

between White-Hispanic eighth-graders mathematics achievement in 2007 (Planty, 

Hussar, Snyder, Provasnik, Kena, Dinkes, KewalRamani, & Kemp, 2008). 

 Exposure to less rigorous curriculum is among the factors identified as 

barriers to academic achievement in mathematics and other content areas for minority 

students (Barton, 2003). Based on arguments advanced for the integration of science 

and mathematics instruction, students who are exposed to integrated learning 

environments experience rigorous curriculum, which provide opportunities for higher 

academic achievement. Integrated science and mathematics curriculum can remove 

the disadvantage of less rigorous curriculum, so minority students would have access 

to the same rigorous curriculum as their White counterparts. Argument for integration 

of content to focus on diversity was also presented by Baptiste and Key (1996) who 
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identified three levels of integration, ―awareness, integrations of many cultures, and 

making cultural and social issues the focus of the curriculum‖ (Leonard & Dantley, 

2005; p. 104).  

Additionally, Daniels et al. (2001) found that teachers who practiced 

interdisciplinary teaching reported an improvement in classroom climate. Through 

interacting with students across disciplines, teachers learned more about students, and 

students made connections among disciplines. Students were motivated because the 

classroom focus was on solving authentic problems and answering questions that were 

of interest to them. Integration also fostered in-depth examination of fewer topics, 

which in turn allowed for students to develop research and problem solving skills and 

was also conducive to authentic assessment (Daniels et al., 2001). 

Empirical evidence supporting claims that integration of science and 

mathematics positively affecting student achievement is scarce. One study found that 

30 seventh grade students who experienced integrated science and mathematics 

instruction achieved higher science scores than those who did not (Friend, 1985). 

Evidence for increased gains in mathematics achievement was reported in one study. 

Judson and Sawada (2000) claimed that after engaging in a three-week unit that 

integrated ―science activities with statistical concepts and procedures‖ (p. 420), 27 

eighth grade students‘ scores on a mathematics test ―confirmed that student 

performance in mathematics is enhanced when mathematical concepts are integrated 

into science activities‖ (p. 422). 

Overall, the literature emphasized that integrated instruction is highly 

beneficial to students. A summary of claims made by proponents of integrated 
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curriculum was provided by Marsh (2008) who stated that when curricular (content-

based) and instructional (pedagogical) elements are integrated, students benefit greatly 

because 

 it reduces fragmentation of knowledge, taught in separate subjects 

 it encourages collaborative planning and problem-solving 

 it places emphasis upon skills development rather than coverage of subject 

matter 

 it encourages students to search for patterns in, and connections between, 

ideas 

 it is more conducive to involving students in curriculum development 

process (p. 249). 

 

 

LACK OF DOCUMENTATION OF INTEGRATION 

Although efforts to integrate mathematics and science instruction are ongoing, 

relatively few studies document implementation of integration. Prior to the 

Wingspread Conference, Friend (1985) pointed out the absence of integration efforts 

in schools by stating ―Most students have never learned, by experience, that there is a 

relationship between the world of science and the operations of mathematics‖ (p. 

453).Five years after the Wingspread Conference, Francis and Underhill (1996) 

claimed that although many documents were published about the integration of 

mathematics and science, very little was done to implement integrated curricula. 

Watanabe and Huntley (1998) also recognized the sparse efforts at implementation of 

integrated approaches in schools and claimed ―classroom instruction emphasizing 

mathematics-science connections remain an exception rather than a norm‖ (p. 19). In 

2002, Judson and Sawada pointed to a lack of such efforts in an argument for 

integration of science and mathematics at the middle school level. ―If integration were 
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a priority, students would not be required to attend separate math or science classes 

but rather would enroll in a doubly long integrated course‖ (p. 419). 

FACTORS AFFECTING INTEGRATION 

 

The limited number of integrated science and mathematics studies that have 

been reported signals underlying issues pertinent to implementation. Various reasons 

have been put forth for the under-utilization of integrated instruction. Davidson et al. 

(1995) argued that schools generally resist any notion of change and traditional 

practices are difficult to modify. Francis and Underhill (1996) claimed that the 

aversion to change may be due to the lack of ―a simple and effective strategy for 

starting the process‖ (p. 114). Other explanations for lack of integration efforts have 

included the lack of consensus about the meanings of the terms theme-based, 

interdisciplinary, and integrated, along with ―a lack of models to help guide 

curriculum writers to develop such units‖ (Lonning et al., 1998, p. 312). These 

deficiencies, argued Lonning et al., contribute to major difficulties in implementing an 

integrated curriculum in K-12 classrooms.  Additionally, Pang and Good (2000) 

surmised the ―lack of clear focus on student‘s conceptual understanding in the existing 

rationales‖ (p. 4) may be one factor affecting integration.  

TEACHERS 

Many authors have cited the education and experience of teachers as major 

factors that may deter integration (Berlin & White, 1992; Czerniak et al., 1999; 

Davidson et al., 1995; Frykholm & Meyer, 2002; Isaacs et al., 1997). Frykholm and 

Meyer (2002) noted that many mathematics teachers are ―products of a system that 
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placed priority on skills and procedures over concepts and applications‖ (p. 503) and 

argued that, as a result, teachers‘ experiences with application of mathematics to real 

world situations are limited.  According to Pang and Good (2000), limited teacher 

understanding of integration hinders significant changes in reform of science and 

mathematics education, since attempts at reform fall short of the objective and vision 

of reform. Actual classroom practices generally reflected ―only the surface social 

practices of the recommended methods‖ (Pang & Good, 2000, p. 4) as the focus has 

usually been on new teaching processes and not on the learning processes that should 

be tied to them. Exposure to classrooms in which teaching processes instead of 

learning processes have been emphasized has not challenged students academically. 

Pang and Good stressed, ―using hands–on activities or organizing a classroom into 

small groups does not guarantee that students are engaging in worthwhile 

mathematical and scientific practices‖ (p. 4). 

The two most important issues related to teacher preparation, listed by Koirala 

and Bowman (2003), were ―lack of teacher content knowledge and experience with 

integration‖ (p. 145). Additionally, Berlin and White (1992) reported ―teacher-related 

obstacles [to integration of science and mathematics] include teacher knowledge, 

experiences, attitudes, and beliefs‖ (p. 341). To forge meaningful links between 

science and mathematics, Berlin and White (1992) stated that it is necessary to 

determine what teachers need to know about issues such as: 

1. The nature of science and mathematics. 

2. Concepts and principles of science and mathematics. 

3. Interrelationships of processes and skills of science and mathematics. 

4. Curriculum, instruction, and learning theories. 

5. Selection and sequencing of learning activities. 



Texas Tech University, Bibi Ganesh, May 2010 

 26 

6. Organization and management of the learning environment. 

7. Comprehensive assessment practices (p. 341). 

 

 

TEACHERS‘ PERCEPTIONS 

 While much literature exists about teachers‘ beliefs, few studies about 

teachers‘ perceptions were found. All of the studies identified contained the phrase 

‗teachers‘ perceptions‘ in the title, but only one offered a definition. Beijaard, 

Verloop, and Vermunt (2000) defined teachers‘ perceptions as ―representations of 

their understandings‖ (p.750). Based on this definition, it can be argued that teachers‘ 

perceptions of integrated science and mathematics teaching reflect their personal 

knowledge of this instructional approach. Using Beijaard et al.‘s definition of 

perceptions, this study focused on how inservice teachers perceived integration of 

science and mathematics, collaboration with a science and/or mathematics colleague, 

and changes that occurred as a result of exposure to an integration-based education 

course. Factors which contribute to, or which hinder change in perceptions of 

integration have also been observed.  

GOALS AND PERSPECTIVES 

The debate about the meaning and benefits of integration, along with issues 

affecting integration of mathematics and science instruction, continues from different 

viewpoints. Frykholm and Meyer (2002) cautioned that the goals for integration must 

be clear and the perspectives of those involved in integration must be considered 

before integrated instruction is mandated. They examined integrated instruction based 
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on the perceptions of mathematics and science teachers and raised important questions 

about integration, including whether true integration is possible.  

Davidson et al. (1995) posited that integration ―deals with the extent to which 

teachers use examples, data, and information from a variety of disciplines and cultures 

to illustrate the key concepts, principles, generalizations, and theories in their subject 

area or discipline‖ (p. 225), and described the following five types of science and 

mathematics integration which may be used in the development of interdisciplinary 

curricula: 

1. Discipline Specific Integration ―might include activities involving algebra 

and geometry in mathematics and activities infusing biology, chemistry, and physics 

in science‖ (p. 227). Opportunities for this type of integration in both disciplines may 

be provided through problem solving situations which necessitate the use of two or 

more branches of the specific discipline.  

2. Content Specific Integration ―involves choosing an existing curriculum 

objective from mathematics and one from science‖ (p. 227), for example selecting 

objectives addressing simple machines in science and proportions in mathematics, and 

planning an activity involving both. Through the activity, opportunities would be 

provided to explore the connections between the disciplines and to begin to see ―the 

relevancy of mathematics in the reality of science and vice versa‖ (p. 228). 

3. Process Integration is achieved ―through the use of real-life activities in the 

classroom‖ (p. 228). When students conduct experiments, collect and analyze data, 

and report the results, they engage in ―the processes of science and perform the needed 

mathematics‖ (p. 228). When students engage in activities targeting ―the science 
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processes of identifying and controlling variables, hypothesizing, interpreting, and 

predicting‖ and ―the mathematical skills of averaging, graphing, and estimating‖ (p. 

228), they practice process integration.   

4. Methodological Integration ―means that students will investigate issues in 

both science and mathematics using related strategies such as inquiry, discovery, and 

the learning cycle‖ (p. 229). 

5. Thematic Integration occurs when a theme, ―which then becomes the 

medium with which all the disciplines interact‖ (p. 229), is used to plan and 

implement integration. Thematic units tend to include all other disciplines in 

elementary and middle grade programs. In such units, Davidson et al. cautioned, 

―integration of individual disciplines is subsumed under the integration implied by the 

investigation of the thematic topic‖ (p. 229).  

Each type of integration possesses strengths and limitations, so a combination 

of integration methods may best meet the needs of most reform-oriented educators. 

However, Davidson et al. advocated, ―the most potent approach to integration is to 

focus, not on science and mathematics content, but on scientific processes‖ (p. 229). 

They also emphasized that it is not possible to integrate all mathematics and science 

concepts, and suggested that basic concepts and processes in both disciplines can be 

taught first, and in some cases, separately. 

PEDAGOGICAL CONTENT KNOWLEDGE 

Another factor critical to integration of science and mathematics is pedagogical 

content knowledge (PCK). Shulman (1986) suggested that PCK, an integration of 

content with pedagogy (Tobin, Tippins, & Gallard, 1994), is a major component of 
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teaching expertise. Teacher PCK includes awareness of discipline-specific concepts, 

principles, and topics, and the knowledge of how to teach a particular topic (Hashweh, 

1987). It is imperative that teachers of both disciplines have strong PCK. Integration 

of science and mathematics must include change of instructional strategies, as well as 

focus on the development of student‘s conceptual understandings (Pang & Good, 

2000). When teachers provide precise directions for mathematics and science tasks, 

students are denied opportunities to ponder about and investigate ideas related to these 

disciplines. In such situations, the only learning that usually occurs, contended Pang 

and Good (2000), is the acquisition of procedural knowledge. To overcome such 

deficiencies in integration attempts, they emphasized ―Real integration requires full 

understanding of integration ideals‖ (p. 4).  

Steen (1991) advocated integration of the methodologies of science and 

mathematics. He emphasized, ―If the methodology of science is to be faithfully 

expressed, the essence of mathematics must be taught as part of science‖ (p. 5). The 

mathematical processes of logic and deduction are essential for students to 

―experience the special power of science‖ (Steen, 1991, p. 5), and the science 

processes of investigation and discovery are features of the Principles and Standards 

of School Mathematics (NCTM, 2000). Therefore science and mathematics teachers 

need to forge collaborative learning communities and help each other understand the 

methods of both disciplines. Such action by teachers would increase the strength of 

their PCK and advance their integration efforts so that the process would no longer be 

seen as ―floundering on the inevitable weaknesses of individual teachers when 
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confronted with the task of an integrated science and mathematics curriculum‖ (Steen, 

1991, p. 5). 

TEACHER EDUCATION 

To foster ‗real integration‘ of mathematics and science instruction, pre-service 

teachers should be exposed to models that emphasize this symbiotic relationship 

during their teacher preparation courses. Several studies discussed efforts to provide 

pre-service teachers with experiences about integration through participation in 

integrated mathematics and science activities. Frykholm and Glasson (2005) reported 

on their study, which presented ―an innovative model of secondary preservice teacher 

education that was designed to provide rich and meaningful experiences for beginning 

teachers to begin seeing and seeking connections between science and mathematics‖ 

(p. 128). The language used by the authors to describe the integration of science and 

mathematics presented a shift from traditional terminology, hence, connections and 

pedagogical context knowledge appeared. Prospective mathematics and science 

teachers, who were to student teach at the same school, were grouped together to 

―develop a curriculum project that would connect science and mathematics concepts‖ 

(p. 131).  Important issues affecting integration efforts that surfaced during the study 

included the following:  

a. Participants felt strongly that mathematics and science should be 

integrated. 

b. Several participants expressed concerns about integration based on 

their experiences as students. 
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c. Concerns about ―lack of content knowledge in whichever field was not 

their primary content area – either mathematics or science‖ (p. 133). 

d. Participants were hesitant to begin collaboration, but once started the 

group discussions were very lively; they worked well as cooperative 

groups. 

e. During student teaching, math teachers reported using science much 

more than they thought they would. 

f. The science teachers reported much easier integration of math – much 

math was embedded in the science units they taught – ―the prospective 

science teachers often viewed mathematics as providing the tools for 

examining scientific phenomena‖ (p. 136).  

g. There was evidence of collaboration between student teachers across 

disciplines.  

h. Concerns about ―appropriate pedagogical strategies‖ and ―time and 

school structure‖ (p. 136) surfaced.  

Participants reported that ―similar philosophies and commitment from 

participating teachers‖ (Frykholm & Glasson, 2005, p. 137) are necessary for 

successful collaboration. Of particular interest is the report on situative contexts for 

learning. According to Frykholm and Glasson (2005), participants had initial 

reservations about the integration of subjects, but marked changes occurred ―as they 

started collaborating on their curricular units that were designed to provide an 

authentic context for teaching science and mathematics‖ (p. 133). The project for each 

group was expected to ―fall within a particular broad science topic area – biology, for 
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example‖ (p. 133). As the prospective science teachers explained the primary content 

of the topic, the prospective mathematics teachers suggested ideas to appropriately 

connect mathematical concepts, thus recognizing the discipline of science as a context 

for the pursuit of mathematics.  

The above study provides empirical evidence about ―the promise and potential 

of promoting pedagogical context knowledge (Barnett & Hodson, 2001) as a 

mechanism through which science and mathematics may be more closely explored and 

understood by both teachers and, ultimately, learners in school classrooms‖ (Frykholm 

& Glasson, p. 128).  

CONTEXT 

 The potential of context to promote student learning in the classroom has been 

illustrated in a case study reported by Roth (1993). The case outlines one student‘s 

mathematical learning in a high school physics classroom, and emphasizes the 

importance of engaging students in meaningful, real world tasks. Roth‘s argument that 

―constructivism and cognitive apprenticeship‖ (p. 113) are instructional practices 

through which curriculum can help integrate school subject matter with real world-

problems is supported by the reported learning which occurred. In the context of a 

physics course, the student used many of the processes for learning about functions 

and statistics recommended by NCTM to study non-uniformly accelerated motion. It 

was impossible to separate when the student constructed physics (science) knowledge 

from when he constructed mathematics knowledge. The activity chosen by the student 

and his partner, the motion of a cart pulled by a spring, provided a context typical for a 

constructivist problem centered classroom. The student assumed ownership of the 
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problem – he made the task problematic and constructed understanding in his own 

terms, beginning with what he knew. Through engaging in the physics activity, the 

student made great strides in mathematical understanding. Based on the findings of 

this study, Roth (1993) made the following plea for integration, ―For the future of 

science and mathematics education, more governments, school boards, and teachers 

should feel the need for an integration and an interdisciplinary approach that includes 

the sciences, mathematics, and technology‖ (p. 120). 

 Other evidence supporting the positive impact of context on learning is 

available. Investigations by Wilhelm and Sherrod (2007) suggested that students 

improved in the mathematical domains of geometric spatial visualization, spatial 

projection, cardinal direction, and periodic patterns, after completing a project-based 

lunar-phase unit of study adapted from a NASA/IDEAS funded curriculum called 

Realistic Explorations in Astronomical Learning (Wilhelm & Wilhelm, 2007). This 

seven-week lunar unit purposefully included spatial geometric activities and student 

explorations of the lunar phases through observation, journaling, sketching, three-

dimensional modeling, and classroom discussion (Ganesh, Wilhelm, & Sherrod, 

2009). The Geometric Spatial Assessment (GSA), developed by Wilhelm, Ganesh, 

Sherrod, and Ji (2007), was administered to seventh grade students who engaged in the 

lunar unit. Results revealed that students‘ mathematical understanding of geometric 

spatial concepts increased after engaging in this contextualized learning environment. 

Although the project did not integrate science and mathematics teaching, it included 

activities that targeted specific mathematical domains. Students‘ performance on the 

GSA provided evidence that even when integration of science and mathematics was 
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not the intention, mathematics learning occurred as a result of students being exposed 

to contextualized learning environments.  

INTEGRATED/INTERDISCIPLINARY CURRICULUM 

 Wicklein and Schell (1995) reported on another effort at integration, a pilot 

project in which four high schools implemented an interdisciplinary curriculum. Two 

goals of the project were (a) to foster teachers‘ understanding of the interrelatedness of 

instructional areas and (b) to increase student awareness that learning does not require 

confinement to a classroom. One objective of this project was ―to improve students 

[sic] ability to critically think and gather information‖ (p. 64). According to Wicklein 

and Schell, the most successful innovations were the relationship among the 

instructional areas, improved motivation and reduction of disciplinary problems, the 

teachers‘ efforts to develop supporting activities for courses, and ―creative use of the 

teaching staff‖ (p. 69). The most difficult problems were (a) ―the artificial boundaries 

of school-based learning continued to exist‖ (p. 65), which suggested that subjects 

were still taught as separate disciplines and connections across subjects was not 

attempted (b) students encountered difficulty ―grasping the instructional content 

despite adjustments‖ (c) teachers had difficulty working as a team, lack of student 

participation in ―deep and meaningful discussion of the links among mathematics, 

science and technology‖ (p. 68) and (d) resistance to the approach on the parts of 

students because ―a number of students wished to be accountable to only one teacher‖ 

(p. 70). Although complications were experienced during the course of the project, 

Wicklein and Schell were optimistic about the future of multidisciplinary teaching and 
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learning. They concluded that the multidisciplinary project ―made a positive difference 

in both teachers and students‖ (p. 74). 

According to Lonning and DeFranco (1997) ―Integration can be justified only 

when students‘ understanding of mathematics and science concepts is enhanced‖ (p. 

215). They argued that although some topics can be taught together, there is no 

guarantee the topics will be more meaningful than if taught separately. Lonning and 

DeFranco also stated that integration should be an outgrowth of the school district‘s 

science and mathematics curricula instead of imposed from outside.  These authors 

claimed that when science and mathematics teachers are placed on interdisciplinary 

teams to develop curriculum, they are forced to plan activities for thematic units that 

are not related to the science or mathematics curricula. This argument strikes at the 

method of developing integrated curriculum used in the project reported by Wicklein 

and Schell (1995), where a multidisciplinary team consisting of science, mathematics, 

and technology teachers, as well as a school administrator and counselor, was 

established in each school. A resource team consisting of teacher educators and the 

state supervisor for technology education was available for support of integration 

activities at each site, but no information about strategies used in developing the 

curricula was provided nor was there any mention of evaluation of the curricula.  

Because all mathematics or science concepts cannot or should not be taught in 

an integrated fashion, Lonning and DeFranco (1997) suggested that a better method of 

developing curricula would be to place focus on the question ―How can the concepts 

best be taught?‖ rather than ―How can they be integrated?‖ (p. 215). They presented a 

five point continuum model (see figure 1) on which ―activities range from 
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mathematics or science involving no integration to those activities including balanced 

mathematics and science concepts‖ as a useful tool to ―create new mathematics and 

science curricula or to adapt commercially prepared materials‖ (p. 212).  
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Figure 1.Continuum diagram. 

INTEGRATION IN MIDDLE SCHOOL 

 

 Venville et al. (1998) recognized the importance of curriculum in integration 

efforts, as well as the importance of integration to education in middle school. They 

posited that two major areas of concern in education are ―integration of curriculum and 

the concept of middle schooling‖ (p. 294), and argued that curriculum integration is a 

means of achieving basic educational goals. A 2001 report emphasized, ―A fundamental 

goal of education in the middle school years is to deliver a curriculum relevant to 

students entering early adolescence‖ (Venville et al., p. 300).In a previous report Venville 

et al. (1998) cited Vars (1991) who claimed that more than 80 studies demonstrated 



Texas Tech University, Bibi Ganesh, May 2010 

 39 

students in integrated programs performed as well or better on standardized tests than 

students in separate subject programs. Contradicting this report, Marsh (1993), as cited 

by Venville et al. (1998), examined major research studies in the United States, United 

Kingdom, and Asia over the past 50 years and emphasized that although earlier studies 

―gave the impression that curriculum integration had many positive elements over single 

discipline teaching, there is a dearth of evidence of a positive or negative nature over 

recent years‖ (p. ii).  

PRACTICE OF INTEGRATION OUTSIDE THE UNITED STATES 

In an effort to examine the success of integrated teaching of science, mathematics, 

and technology, Venville et al. (2001) interviewed middle schools teachers of 16 schools 

in Western Australia. Some integration of science, mathematics, or technology had been 

attempted in grades 7-9 in each of the 16 schools. A detailed report of the study identified 

11 different forms of integration (a) thematic approach, (b) cross-curricular approaches, 

(c) technology-based projects, (d) competitions, (e) school specialist approach, (f) topic 

integration, (g) integrated assignments, (h) synchronized content and processes, (i) local 

community projects, (j) teaching approaches, and (k) natural/informal integration. The 

authors reported that ―All forms of integration observed maintained the discrete subject 

disciplines and integrated through secondary means‖ (p. 300). Based on their findings, 

Venville et al. used the metaphor ―double edged-sword‖ (p. 300) to describe integration. 

Their report included teachers‘ observations that benefits for students, such as ―better 

understanding of mathematics and science concepts when applied to contextualized 

technology tasks‖ (p. 300), existed when integration was practiced. However, some 
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teachers raised concerns about ―the breakdown of departmental structures and students 

not being exposed to the depth of content from specialist teachers in each of the 

respective disciplines‖ (p. 300). Others viewed curriculum integration as a threat to 

―existing structures of power and control in schools‖ (p. 300). Venville et al. observed 

that integration is a difficult task even for motivated teachers, and concluded that 

integration of subjects is possible but it requires a significant amount of team effort. They 

claimed, ―With hard work and the support of school leaders and colleagues, some 

teachers are capable of achieving a degree of integration‖ (p. 300).  

PRACTICE OF INTEGRATION WITHIN THE UNITED STATES 

Shifting focus to the United States, Koirala and Bowman (2003) presented 

additional arguments for the integration of science and mathematics in the middle school. 

Integration can be successful in middle schools because belonging to a group is important 

for middle school students, posited Koirala and Bowman. Observing team work among 

teachers would help middle school students identify with their teachers and be responsive 

to integrated science and mathematics classes. Koirala and Bowman contended that 

teachers who participated in integrated methods courses were more inclined to stress the 

connection between science and mathematics in their teaching and would thus foster 

integration.   

A study conducted by Huntley (1999) investigated integrated science and 

mathematics teaching in middle grades classrooms, and examined teachers‘ beliefs about 

integrated instruction. She reported on a case study with two experienced middle school 

teachers whose ―goal of instruction was to dissolve the disciplinary boundaries between 
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mathematics and science‖ (p. 60). Participants were interviewed about their teaching 

beliefs and were observed during instruction. Based on classroom observations, Huntley 

reported that instruction by the participants focused on either science or mathematics, but 

not on both. The following findings, noted Huntley, imply a gap between the theory and 

practice of integrated instruction (a) although opportunities were available for integration 

of science and mathematics during classroom instruction, only limited integration was 

observed  (b) ―although the tasks in which students engaged had the potential for 

stimulating high cognitive demand, the tasks, as implemented, required low cognitive 

demands from students‖ ,(p. 65) and (c) although both participants attested to the value of 

varied instructional approaches, ―their classroom practices indicate[d] that they used only 

a directive or modeling mode of instruction‖ (p. 65). Comparing observations of the 

participants‘ ―classroom teaching practices and extended discussions about their beliefs‖ 

(p. 66), Huntley concluded that these teachers struggled with integration of science and 

mathematics in the middle school curriculum. Although they were highly motivated and 

skilled, and were recipients of recognition through financial support (i.e. grants) and 

administrator support, the extent to which they integrated science and mathematics was 

limited. 

Based on the findings of this case study, the following implications for teacher 

education in relation to integrated science and mathematics teaching were reported by 

Huntley:  
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(i) Strong science and mathematics content and ―development of pedagogical 

content knowledge‖ (p. 66) in both disciplines are necessary for teaching science 

and mathematics in an integrated fashion  

(ii) Clear understanding of ―the goals and meanings of curricular integration‖ (p. 

66) is essential for implementation of an integrated program  

(iii) Access to relevant ―instructional and curricular models‖ (p. 66) for the 

teaching and learning of both disciplines must be available 

(iv) Possessing knowledge of, and learning how to effectively deal with, ―school 

constraints and contextual factors‖ (p. 66) are essential for teachers of integrated 

science and mathematics 

(v) Collaboration with peers who ―share similar convictions‖ (p. 66) is often 

beneficial to teachers of integrated science and mathematics 

Recommendations (ii) through (v) were incorporated into the graduate level course on 

which this study was centered. 

TEACHER PREPARATION 

In an effort to provide pre-service teachers with integration experiences, Koirala 

and Bowman (2003) designed and implemented a program of instruction based on 

―selected science content in pendulums, rockets, density, and environmental science with 

decimals, ratios, data analysis, graphing, algebra, and geometry‖ as well as ―mathematics 

process skills of problem solving, reasoning, communication, connections, and 

representations‖ (p. 147). Additionally, the authors reported that although certain 

concepts such as integers, mental computation, and science safety were included in the 
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course, they were not taught in an integrated manner. Results of the study showed 

―integration was natural and spontaneous when dealing with integrating topics like ratio, 

graphing, and data analysis with science concepts and skills‖ (p. 152). However, 

difficulties arose when integration involved topics and definitions that did not match 

seamlessly. For example, the use of the term ―variable‖ has different connotations in each 

discipline. Koirala and Bowman lamented that despite exposure to integration in their 

methods courses, the participants had little or no opportunity to practice integration 

during student teaching. This was partly due to the topics they were teaching, but mostly 

to the fact that integration was not practiced in the schools where they were placed. 

UNIVERSITY/COLLEGE INSTRUCTORS 

Watanabe and Huntley (1998) investigated the perceptions about integration of 

science and mathematics held by university/college instructors who taught special content 

courses at the undergraduate level for middle school teachers. These courses focused on 

connecting science and mathematics instruction and the authors were interested in 

identifying the kinds of undergraduate experiences that fostered preservice teachers‘ 

ability to emphasize connections between mathematics and science. Findings from the 

study suggested that making connections between science and mathematics presented 

challenges even to the instructors in these university-level courses because of ―both the 

level of mathematics and science content and the barriers identified‖ (p. 24). This begs 

the question of whether an online collaborative environment for inservice middle school 

teachers can overcome such challenges.  
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Barriers to integration mentioned by Watanabe and Huntley (1998) included (a) 

―time versus content coverage‖ (p. 23), (b) students‘ negative attitude towards integration 

– science instructors reported students ―did not want to see connections between 

mathematics and science‖ (p. 23), (c) ―lack of willingness to try to integrate mathematics 

and science‖ (p. 23), (d) lack of understanding about ―what counts as legitimate content 

of an integrated mathematics/science course‖ (p. 23) – some science instructors reported 

―it‘s not our job to teach math as a discipline but rather [as] an appreciation of math‖ (p. 

23), (e) the level of science and mathematics content knowledge of students, and (f) 

teacher competence – content and pedagogical. The authors concluded that while many 

science and mathematics instructors ―developed increased respect and appreciation for 

each other‘s discipline‖ (p. 24) and endorsed the need for connections between the two 

subjects, others were still trying to understand the relationship of the disciplines and how 

to make connections to both.  

The findings reported by Watanabe and Huntley present a dismal picture of the 

experiences afforded preservice middle school teachers in integrated science and 

mathematics programs. It is doubtful whether such experiences with integration would 

increase preservice teachers‘ ability or willingness to emphasize connections between 

science and mathematics. However, other studies on integration of science and 

mathematics with preservice teachers (e.g. Kiorala & Bowman, 2003; Wilhelm & 

Walters, 2006) provided encouraging evidence of positive experiences. 
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IMPROVED STUDENT ACHIEVEMENT DUE TO INTEGRATION 

 Although the call for integration of science and mathematics continues, current 

evidence of improved performance on standardized tests directly related to integration is 

lacking. Friend (1985) reported on a study conducted with students in New York, which 

examined the effect of science and mathematics integration on selected seventh grade 

students‘ attitudes toward, and achievement in, science. Comparison of two groups of 

students ―with standardized reading and mathematics scores at least 2 years above grade 

level‖ (p. 458) showed that the group which received integrated science and mathematics 

instruction had significantly greater achievement in science than the group taught with 

the non-integrated format. These results suggest that students with high abilities in 

reading and mathematics benefit from integrated science and mathematics instruction 

with regard to science achievement. 

 However, results of the attitude survey administered by Friend showed that 

students with standardized reading and mathematics scores at least 2 years above grade 

level, and who received integrated instruction in science and mathematics, did not 

develop more positive attitudes toward science. These students had above grade level 

abilities and they scored highly on The Science Attitudes Appraisal prior to the treatment, 

so Friend argued that since the students already had fairly positive attitudes toward 

science, there was not much room for improvement. There was, however, significant 

increase in scientific attitudes for students whose standardized reading and mathematics 

scores were on grade level and who received integrated instruction in science and 

mathematics.  
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Friend‘s study provided evidence that integrated science and mathematics 

instruction resulted in better grades on standardized science tests for students of high 

ability and in improved attitude toward science for students of average ability. Consistent 

with Friend‘s findings, Judson and Sawada (2000) reported that eighth grade students 

who experienced an integrated science and mathematics unit scored highly on their 

mathematics unit in-class assessment but remained ―on par with their peers in 

nonintegrated science classes in terms of science achievement‖ (p. 422). Judson and 

Sawada‘s report implied that while student achievement in mathematics was enhanced 

when they were exposed to integrated science and mathematics instruction, their 

achievement in science did not decrease. These results revealed that when science and 

mathematics were taught in an integrated fashion to middle school students, achievement 

in at least one of these disciplines improved significantly. Thus, the studies conducted by 

Friend and Judson and Sawada provide empirical evidence supporting the case for 

integrated science and mathematics instruction in the middle school.  

RATIONALE FOR INTEGRATING SCIENCE AND MATHEMATICS IN 

MIDDLE SCHOOL 

Participants at the Wingspread Conference did not settle the dispute about the 

meaning of integration nor did they agree on the level to which science and mathematics 

should be integrated, but according to Berlin and White (1992) they ―arrived at a 

rationale for its infusion into school practice‖ (p. 341). Integration of science and 

mathematics was perceived by participants to have potential benefits for: 

1. Helping students realize that mathematics and science are everywhere. 
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2. Providing opportunities for out of school resource persons to become 

involved. 

3. Stimulating group interaction and social development. 

4. Bridging understanding between concrete and abstract representations. 

5. Developing quantitative and causal appreciation of reality with emphasis on    

information use rather than acquisition.  

6. Providing opportunities to put ideas together and deepen understanding. 

7. Encouraging relevant, exciting science and mathematics in schools (Berlin 

and White, 1992, p. 341). 

 

 A rationale for integrating science and mathematics was also provided by 

McBride and Silverman (1991). In their answer to the question ―Why should science and 

mathematics be integrated?‖ (p. 286), the following major arguments were central: 

1. Science and mathematics are closely related systems of thought and are 

naturally correlated in the physical world (Kinney, 1930). 

2. Science can provide students with concrete examples of abstract mathematical 

ideas that can improve learning of mathematical concepts. 

3. Mathematics can enable students to achieve deeper understanding of science 

concepts by providing ways to quantify and explain science relationships. 

4. Science activities illustrating mathematics concepts can provide relevancy and 

motivation for learning mathematics (McBride & Silverman, 1991, p. 286-

287). 

 

 As the literature suggests, integration of science and mathematics in the middle 

school would provide an avenue for improved student competencies and increased 

interest in these disciplines. No longer would science and mathematics be viewed as 

separate subjects within a fragmented curriculum. Instead, they will be seen as 

interrelated parts of a connected program. Through integration, middle school students 

would see the relevance of science and mathematics instruction and also the relationship 

of these disciplines to the real world. This in turn would successfully squelch the question 

that students frequently ask, ―Why do we have to learn this stuff?‖ (McBride and 

Silverman, 1991, p. 287), and would lead to motivation to learn science and mathematics. 



Texas Tech University, Bibi Ganesh, May 2010 

 48 

CONCLUSION 

 The literature examined perpetuated the call for integration of science and 

mathematics instruction. Many benefits of integration have been highlighted, and many 

barriers to integration have surfaced. While some studies highlighted the need for 

changes in teacher education programs so that preservice science and mathematics 

teachers would be adequately equipped with the content and pedagogy needed for 

integrated instruction, one study pointed to difficulties of integrating science and 

mathematics even at the university level. Although the need for ongoing training of 

inservice teachers has not been specifically mentioned, results indicated that there is a 

dire need for training programs targeting integration of science and mathematics for this 

group. If reform efforts continue, and programs are put in place to facilitate both 

preservice and inservice teacher training in this direction, then it is reasonable to assume 

that integration of science and mathematics teaching would increase exponentially over 

the next few decades. 

 A gap exists in literature with respect to studies conducted with inservice teachers 

as they attempt to integrate science and mathematics. This study fits into that gap and 

also provides further information about integration efforts while inservice teachers were 

engaged in an integration-focused education course. Perceptions of integration, 

reflections about collaborative efforts as integrated lessons were planned and taught with 

science and/or math team-mates, online discussions, video recordings of planned and 

taught integrated lessons, and answers to interview questions provided rich data for 

insightful discussion and conclusions. Additionally, the study highlights the need for 
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inservice teachers to receive instruction in integrated science and mathematics content 

and pedagogy as a precursor for implementation of integrated curricula. 
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CHAPTER III 

RESEARCH METHODOLOGY 

INTRODUCTION 

Supporters of different methodologies, especially in educational research, have 

accepted the stance that the purpose of an investigation determines the methodology 

(Creswell, 2003; Lincoln & Guba, 2000; Merriam, 1998). Much advice is available about 

choosing appropriate methodology for specific research. The selection of methodology 

for a particular research should depend on ―whether the intent is to specify type of 

information to be collected in advance of the study or to allow it to emerge from 

participants‖ (Creswell, 2003, p. 17). According to Drew, Hardman, & Hosp (2008), ―the 

nature of the study‖ instead of ―a preference for methods‖ (p. 184) should determine the 

research methodology. Arguments suggest that a qualitative approach is suitable for types 

of educational research in which flexibility on the part of the researcher is necessary so 

that the framework can be modified to suit the investigation. This investigation addressed 

perceptions of inservice teachers about integrating science and mathematics instruction, a 

much underutilized practice; therefore the researcher‘s quest was for understanding. 

 Teachers‘ perceptions of integrating science and mathematics instruction help 

develop an understanding of the effect of reform efforts on the teaching of these 

disciplines using an integrated curriculum. Literature on research methodology suggests 

that in such a situation a qualitative method is merited (Creswell, 2003). Drew et al. 

(2008) aptly described the type of research envisaged and made the choice of 

methodology easy when they stated: 
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. . . for the researcher committed to describing the subtleties and exploring the 

salient depth and breadth of social life, qualitative research remains the 

methodology of choice. The rich traditions of qualitative research provide an 

immediacy of experience and evoke empathy in the reader . . . (p. 352) 

THEORETICAL FRAMEWORK 

The central focus of this investigation was to understand or make sense of 

classroom teachers‘ perceptions of integrated science and mathematics instruction. As 

such, the goal of the research relied ―as much as possible on the participants‘ views‖ 

(Creswell, 2003, p. 8) of integration. Creswell (2003) posited that in qualitative studies, 

the researcher ―often makes knowledge claims based primarily on constructivist 

perspectives‖ (p. 18), while Cole (1997) claimed that advocates of ―the constructivist 

agenda in education‖ (p. 42) support qualitative research and case study methods. Cole 

also noted that qualitative studies emphasize ―the importance of analysis rather than 

discovery‖ (p. 42). Crotty (1998), as cited by Creswell, identified the following 

assumptions of constructivism:  

1. Meanings are constructed by human beings as they engage with the world 

they are interpreting. Qualitative researchers tend to use open-ended questions 

so that participants can express their views. 

2. Humans engage in their world and make sense of it based on their historical 

and social perspective – we are all born into a world of meaning bestowed 

upon us by our culture. Thus, qualitative researchers seek to understand the 

context or setting of the participants through visiting the context and gathering 

information personally. They also make an interpretation of what they find, an 

interpretation shaped by the researchers‘ own experiences and backgrounds. 

3. The basic generation of meaning is always social, arising in and out of 

interaction with a human community. The process of qualitative research is 

largely inductive, with the inquirer generating meaning from the data 

collected in the field. (Creswell, 2003, p. 9) 

 

Cole (1997) argued that a large amount of educational research has shifted from realism 

to constructivism. An assumption of constructivism is that knowledge is socially 
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constructed through interactions within the environment and may change based on the 

circumstances. Cole claimed that essential problems of education currently center on 

concerns about the individual teacher‘s experience in the classroom, espousing a 

constructivist paradigm. As such, he emphasized the importance of examining the 

viewpoint of the individual teacher when the study of teaching practice is undertaken.  

Based on the above arguments, this study was grounded within a constructivist 

framework.  

CASE STUDY 

Supporters of constructivism are advocates of ―qualitative research and case study 

methods‖ (Cole, 1997, p. 42). With the shift in focus of educational research toward 

teacher experiences in the classroom, Cole (1997) asserted, in the field of education, the 

case study should be ―the major vehicle of research methodology‖ (p. 42). Glesne (2006) 

countered the statement of ―case study methods‖ by referring to Stake‘s (2000) 

observation, ―case study is not a methodology choice but a choice of what is to be 

studied‖ and posited that case study research may be conducted through the use of 

―various methods and methodologies‖ (p. 13). Additionally, Yin (2003) suggested that a 

case study is suitable when (a) the researcher‘s focus is to answer ‗how‘ and ‗why‘ 

questions, (b) the behavior of participants cannot be manipulated, (c) contextual 

conditions are essential for understanding the phenomenon, or (d) the phenomenon and 

context do not have clearly established boundaries.  

One major characteristic of case study which makes it ideal for investigating 

educational phenomenon is that it ―allows for a level of understanding and explanation 
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not possible through conventional experimental or survey designs‖ (Merriam, 1985, p. 

204). Merriam asserted that case study shares the common underlying ―philosophical 

assumptions‖ (p. 205) of naturalistic inquiry because ―it takes place in a natural setting 

and it strives for a holistic interpretation of the phenomenon under study‖ (p. 206). The 

primary difference between a case study and other research methods is ―the nature of the 

product‖ – case study results in ―intensive, holistic description and analysis of the 

phenomenon‖ (Merriam, 1985, p. 206).   

Yin (2003) and Freebody (2003) organized case studies in three categories: 

explanatory, exploratory, or descriptive. Based on the descriptions of each type of case 

study provided, this research utilized a single case study that can be considered 

explanatory as well as exploratory.  

PARTICIPANTS 

Twenty-four inservice teachers who were recipients of scholarship through the 

Middle School Mathematics and Science (MS)
2 

grant were targeted as potential 

participants of this study. Each application for the (MS)
2 

scholarship was required to 

select a partner in the other discipline (science or mathematics), preferably from the same 

school but not necessarily teaching the same grade, for collaboration throughout the 

duration of the program. However, six applicants were granted permission to work in 

groups of three. This resulted in 11 teams - 9 pairs and 2 groups of 3 members.  

In Fall 2009, these teachers were enrolled in the first course of the (MS)
2 

program, 

an online course which focused on the integration of science and mathematics teaching 

and learning. Prior to the beginning of the study, six members who lived within a daily 
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commute to the campus were apprised of the purpose of the study, as well as data 

collection sources and methods, during a face-to-face meeting. All six members signed 

and returned the consent forms to the researcher during the same meeting. The other 18 

members who lived outside of the daily commute were apprised of the study via email 

and an electronic version of the consent form was provided. Two of these 18 members, 

who formed one partner pair, elected not to participate while 16 signed and returned the 

consent forms by the beginning of the semester.  

The participants comprised 16 females and 6 males from 13 different schools in 

11 different school districts. Twenty-one of them taught either science, mathematics, or a 

combination of science and mathematics while one taught Industrial 

Education/Technology Education. Ten of the 21 taught mathematics, seven taught 

science, and four taught both mathematics and science. These middle school teachers 

taught students of grades 5 through 9. Nineteen participants taught only one grade level, 

two taught two grades levels, and one taught three grade levels. Grades 5, 6, and 7 were 

taught by four participants each, grade 8 by 7 participants, and grades 6-7, 7-8, and 7-9 

were taught by one participant each.  

Only 20 of the 22 participants provided information regarding their type of 

certification and years of teaching experience. Of these, 13 were traditionally certified 

(through a university) and 7 were alternatively certified (through different education 

regions certification programs). Teaching experiences for these participants ranged from 

1 to 25 years. Of those who reported teaching experience, nine had 1-5 years, eight had 6-

10 years, and 3 had 11-25 years.  
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COURSE DESCRIPTION 

The first course of the (MS)
2 

program was an online course which focused on the 

integration of science and mathematics teaching and learning. The online course 

comprised several components including written assignments, development and teaching 

of two integrated lessons, enactment of three integrated lessons provided by the course 

instructor, written reflections on each lesson taught, group presentations, and weekly 

discussions. The e-learning system used for the course was Blackboard. Additionally, 

Second Life (a virtual world), was used for five class meetings and presentation sessions. 

Second Life sessions included group presentations on assigned national standards for 

science and mathematics, plans for participants‘ final integrated lessons, and discussions 

of integration from discipline specific perspectives. The majority of the class assignments 

were submitted via Blackboard. The two integrated lessons developed by the participants 

were video recorded and the lesson plans, videos, samples of students‘ work and written 

reflections on the lessons were submitted via United States mail. 

 The midterm assignment for the course was based on equity in the classroom. 

Participants read five assigned articles relating to special populations such as English 

Language Learners and Gifted students and responded to prompts provided by the course 

instructor. This assignment was submitted via Blackboard. The final examination 

required each student to prepare a PowerPoint consisting approximately 25 slides 

addressing important aspects of the course to inform administrators and peers of what 

was learned, make an individual presentation in Second Life, and take an oral 

examination. Each participant submitted a copy of the PowerPoint via Blackboard prior 
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to the appointed presentation time. Interviews for the study were tied into the oral 

examination of purposefully selected participants. 

Participants‘ course work and discussions provided data for this study. 

DATA COLLECTION 

Qualitative methodology is conducive to accumulating large quantities of data 

which has the potential to provide deep understanding (Berg, 2004).  I attended each class 

meeting, monitored online discussions, and gathered data from course work throughout 

the semester. This prolonged engagement provided credibility, which in turn can lead to 

trustworthiness (Lincoln & Guba, 2000). Data for this investigation were collected from a 

variety of sources including participants‘ written accounts of their perceptions of 

integration, written reflections of enacted integrated lessons, online discussions, video 

recordings of two planned and taught integrated science and mathematics lessons, 

participation in a virtual classroom through the use of Second Life, and final 

presentations and interviews.  

Interviews were conducted to glean additional information from select 

participants and to probe their perceptions of integration of science and mathematics 

teaching. Six interviewees were purposefully chosen based on the following criteria: two 

teachers of different grade levels (eighth, seventh, sixth, fifth), who taught the same 

subjects (science, mathematics, or both science and mathematics), and were from schools 

located in different towns. The participants interviewed were coded as S2, S6, S8, S14, 

S17, and S19 to maintain confidentiality. Interviewees S2 and S6 taught both 

mathematics and science; however, S2 taught sixth and seventh grades while S6 taught 
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fifth grade. Meanwhile, S14 and S17 taught seventh grade mathematics and S8, and S19 

taught eighth grade science. Interviewees in each pair were from different towns, with a 

total of four towns represented. 

Interviews were conducted via Second Life and were audio recorded to maintain 

fidelity of data (Lincoln & Guba, 1985). A semi-structured interview protocol, based on 

emergent data and the purpose of the research, was developed and used. Semi-structured 

interviews establish a nucleus of questions to be asked but maintain interviewer as well as 

interviewee flexibility to vary around and away from the nucleus (Freebody, 2003). The 

protocol consisted of the following questions:  

1. How has your perception of integration of science and mathematics teaching 

changed by taking this course? 

2. Describe your collaboration efforts with your partner(s). 

3. In what ways has collaborating with a colleague affected your practice of 

integration? 

4. What challenges did you face to implement integration this semester? How did 

you overcome these challenges? 

5. How has integrated practice in your classroom during this semester helped you 

and your students? 

6. What future plans do you have concerning integrated science and mathematics 

teaching? 

Depending on interviewees‘ responses to the above, additional probing questions were 

asked to establish meaning and also for triangulation of data.  
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 An inherent weakness of the interview process is the credibility of answers given 

by interviewees. The question of whether the answers given are a true reflection of the 

participant‘s stance or whether they are given because of assumptions made about what 

the interviewer would like to hear arises. The concern exists that ―falsehood may be 

substituted for meaning and narrative truth‖ (Short, 1991, p. 141). However, prolonged 

association with participants throughout the semester, along with access to their written 

reflections and online discussions, permitted the triangulation of data which addressed 

this concern. 

RESEARCH QUESTIONS AND RELATED DATA SOURCES 

Data from specific sources were examined to answer each research question. The 

first question, ―What perceptions do inservice teachers have about the teaching of science 

and mathematics?‖ was answered by analysis of data from participants‘ written accounts 

and the ensuing online discussions of their initial perceptions of integration at the 

beginning of the course. Participants weekly online discussions, written reflections of 

enacted integrated lessons, videos of two planned and taught integrated lessons, final 

PowerPoint presentations, and interviews provided data which answered research 

question two, ―How do inservice teachers perceptions of using an integrated approach to 

teaching science and mathematics in middle school change as they engage in an online 

course focusing on such  integration?‖. The third question, ―What changes in practice do 

inservice teachers report as a result of collaboration with science and mathematics team 

mate(s) while participating in an online course focused on integrative practices?‖, was 
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addressed by data gathered from oral and written accounts of collaboration with team 

mate(s), written reflections of team-taught integrated lessons, and interviews. 

Additional data sources included a reflective journal (kept by me) along with 

notes from weekly discussions and debriefing sessions with the course instructor. 

Different data sources provided access to multiple perspectives of participants‘ 

perceptions as they experienced integration of science and mathematics instruction, 

planning, and teaching. Glesne (2006) asserted that access to multiple perspectives of 

participants is important to gain an understanding of, and interpret how, they construct 

their world.  

Lincoln and Guba (2000) explained that ―meaning-making activities themselves 

can be changed when they are found to be incomplete, faulty (e.g. discriminatory, 

oppressive, or nonliberatory), or malformed (created from data that can be shown to be 

false)‖ (p. 167). Changes in classroom teachers‘ perceptions were expected to occur as 

they experienced integrated instruction through activities designed to enhance integrated 

learning environments. It was hoped that as a community of learners, the participants 

would determine what aspects of integrating science and mathematics are important and 

useful, and therefore make sense of integrated instruction. 

DATA REDUCTION AND ANALYSIS 

 Data was reduced on an ongoing basis during the collection phase of the study. 

An exploratory approach was employed for examination of data – the researcher had no 

preconceived notions (Taylor-Powell & Renner, 2003) about what to expect so ―holistic 

strategies‖ (Rossman & Rallis, 2003, p. 274) were used. Ongoing categorization helped 
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with data management and reduction. Categorizing, as described by Lincoln and Guba 

(1985), is bringing together bits of data that are related in some way. Categories were 

delineated to validate inclusion of bits of data.   

The data analysis phase of the study involved evaluation of the data collected. 

According to Tellis (1997), data analysis is ―one of the least developed aspects of case 

study methodology‖ (p. 12). Because ―statistical robustness is not an absolute necessity in 

all case studies,‖ Tellis suggested that researchers rely on ―experience and the literature‖ 

(p. 12) to interpret evidence and to present it in various ways. Yin‘s (1994) definition of 

data analysis, presented by Tellis is concise: ―Data analysis consists of examining, 

categorizing, tabulating, or otherwise recombining the evidence to address the initial 

propositions of a study‖ (p. 12). According to Freebody (2003), case study methodology 

utilizes multiple procedures for analysis of data. Such procedures provide researchers 

with opportunities to: 

1. compare and contrast interpretations; 

2. expand on relevance of the project by developing unforeseen findings and 

interpretations; and  

3. explore findings that are anomalous to or disconfirming of original hypotheses 

and   impressions (p.83). 

Data collected in a qualitative study can have different perspectives: emic, etic, or 

negotiated (Drew et al. 2008). The emic perspective is obtained when data is collected 

and/or analyzed based on the participants‘ view, the etic perspective is based on the 

researcher‘s view, and the negotiated perspective is a combination of the emic and etic 
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perspectives based on discussion between the researcher and participants. For this 

investigation, the negotiated perspective was used. 

 Analysis of data helped me make sense of the great volume of information 

collected. Data from each source were reduced as soon as possible after collection. This 

practice has been suggested as a way of maintaining focus and honing the study (Glesne, 

2006). A constant comparison method of data analysis was employed. According to 

Janesick (1994), constant comparative analysis is used to identify statements and signs of 

behavior which occur over time during the study. Lincoln and Guba (1985) outlined the 

following four distinct stages of the constant comparison method described by Glaser and 

Strauss: 

1. comparing incidents applicable to each category, 

2. integrating categories and their properties, 

3. delimiting the theory, and 

4. writing the theory (p. 339). 

These stages were adhered to as the data was analyzed. The participants‘ first assignment, 

due during the first week of the course, was a written paper about their perceptions of 

integrated science and mathematics teaching. Responses of the 22 participants provided 

baseline information about their awareness and views of teaching science and 

mathematics in an integrated manner. The documents were analyzed and broad categories 

were identified. These categories were revised and/or consolidated by examining 

participants‘ online discussions about their perceptions of integration. 
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Participants planned and taught an integrated science and mathematics lesson 

during the first two weeks of the course. This assignment was aimed at identifying their 

concept of an integrated lesson and benefits and/or difficulties of planning and teaching 

such a lesson.  A lesson plan, videotape of the enacted lesson, reflections on the lesson, 

and samples of student work were submitted as part of course work. The videotapes were 

viewed and organized into groups according to how much integration was included in the 

lesson. Major categories about the participants‘ initial attempts at integrated teaching 

emerged from an examination the participants‘ reflections. A comparison of my 

observations about the videotapes and participants‘ reflections on the lessons was 

conducted. Similarities and differences were noted. Comparison of categories from the 

four sources, initial perceptions of integration (written and online discussions), first 

lesson reflections, and videotapes, delineated themes.  

Required readings for the course included articles on integrated studies conducted 

with middle school students (Friend, 1985) and with preservice teachers (Koirala & 

Bowman, 2003). Participants engaged in online discussions about the integration efforts 

reported in these articles. Postings were examined for perceptions of integration based on 

information they gleaned from the readings. Emergent categories were noted and 

compared with previously identified themes from the other data sources. 

Course requirements necessitated that participants teach three other integrated 

lessons: The Pendulum (created by Wilhelm, 2009), Hanging in the Balance (created by 

Matteson, 2009) and Cartesian Diver (Jorgenson, Cleveland, & Vanosdall, 2004, p. 70-

73). The course instructor provided the first two lessons (see appendix) and the third was 
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taken from one of the course textbooks. Reflections on the enactment of these lessons and 

samples of students‘ work were submitted. Examination of these reflections provided 

further insights about participants‘ perceptions of integration. Data obtained from these 

reflective documents helped to reinforce and/or modify previously identified themes. 

During week eight, the course instructor facilitated, via Second Life, a discussion 

on the ―Integration of Science and Mathematics‖. The session was recorded using 

Camtasia and discussions were analyzed for perceptions of integration. This data were 

discussed in the debriefing session with the course instructor. Based on observations and 

emerging themes, the course instructor and I agreed that participants should be exposed 

to literature expressing other views of integration. Two articles (Berlin & White, 1999; 

Vásquez - Mireles & West, 2007) were posted as required readings. Videotapes of the 

first integrated lessons enacted by participants were posted on a secured website created 

specifically for the purpose of protecting the participants and their students. Online 

discussions for the next week focused on using insights from the Berlin and White and 

the Vasquez-Mireles and West articles to discuss the videotaped lessons of group 

members. This assignment provided an opportunity for participants to analyze a variety 

of integrated lessons using guidelines set out by experts. Viewed through the lens of 

peers, the integrated lessons taught were the source of insightful feedback which, in turn, 

stimulated rich discussions. These discussions were examined and emergent changes in 

perceptions were noted. 

For part of the Second Life session during the penultimate week of the course, 

participants were divided into two discussion groups according to teaching discipline – 
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science or mathematics. Those who taught both subjects joined the group for the subject 

they taught more than 50% of the time. The participant who taught Industrial 

Technology/Technology Education joined the science group. Participants in each group 

discussed integration of science and mathematics as it relates to their specific discipline 

and also shared their experiences with integration during the semester. Discussions in 

both groups were recorded using Camtasia. The video recordings were transcribed and 

examined for themes. Results were compared to previously identified themes from other 

data sources. The next day, debriefing and discussion of field notes occurred between the 

course instructor and me. 

The Second Life session during the last week of the course focused on the final 

the participants‘ final enacted integrated lesson. Those who taught lessons individually 

were allowed 10 minutes each to present an overview of their lesson, while those who 

team-taught were given 15 minutes (per team). A roster showing order of presentations 

was given out during the previous class meeting. This facilitated efficient use of time 

because participants were ready to present on cue. Some participants used Power Point 

slides showing students at work on certain aspects of their lesson. However, the majority 

just gave oral overviews which included the lesson topic, procedure, students‘ reactions, 

and brief teachers‘ reflections.  

Videotapes of the final integrated lesson, lessons plans, written reflections, and 

samples of students work were submitted. Videos were reviewed and analyzed and 

discussed in debriefing sessions. This process established trustworthiness or validity of 

the research (Glesne, 2006). The constant comparison of data from various sources 
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(Strauss & Corbin, 1990), emergent categories from various data sets, and themes 

identified by me were discussed and refined in meetings with the course instructor. This 

helped me maintain focus and provided triangulation of data. 

The final examination for the course was an oral presentation done in Second 

Life. Participants selected various 45 minute slots to meet with the course instructor 

individually. These presentations were spread over one week, at times convenient for the 

participants and course instructor. Most of these sessions were conducted during late 

afternoons or at night because of participants‘ work schedules. The presentations were 

audio recorded. Each participant used a Power Point and presented uninterruptedly for 

approximately 30 minutes. The remaining 15 minutes were used for follow-up 

questioning/interviewing by the course instructor. If answers to the questions on the 

semi-structured interview protocol were not addressed during the oral presentation, then 

the course instructor asked these specifically. I attended each presentation session during 

which I made field notes of participants‘ demeanor, speech, confidence, and quality of 

answers. I also silently suggested questions for the course instructor to ask interviewees 

to pursue other interesting elements of their responses and presentations. After the 

presentations, I met with the course instructor to discuss field notes and to debrief. The 

audio tapes were transcribed shortly after the interviews and responses categorized.  

 After categorizing data from all sources, bits of data were compared for 

similarities and/or differences to identify patterns and variations within the data. Lincoln 

and Guba (1985) asserted that the process of constant comparison ―stimulates thought 

that leads to both descriptive and explanatory categories‖ (p. 341). This process 
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facilitated a thorough exploration of the data and also led to new observations. Careful 

scrutiny of data and creating a list of categories led to emergent themes and these themes 

facilitated ongoing refinement throughout the data analysis phase (Dye, Schatz, 

Rosenberg, & Coleman, 2000). These themes helped the researcher make sense of the 

emergent data and facilitated finding answers to the research questions. Ongoing analysis 

and interpretation of data also guided further data collection for in-depth examination of 

the phenomena, for example additional course readings focused on integrated science and 

mathematics. Charamaz (2000) suggested five ways of applying constant comparison, the 

comparing of (a) different individuals, (b) data from the same individual at different 

points in time, (c) occurrences with other occurrences, (d) data with categories, and (e) 

categories with other categories. These five ways of constant comparison were used 

throughout the data analysis stage. Overall, the data analysis plan for this investigation 

allowed for thorough examination of data which, in turn, led to answers, explanations and 

relevant conclusions. 

TRUSTWORTHINESS 

An important aspect of qualitative research, trustworthiness, has been often 

questioned by positivists. Shenton (2004) asserted that the concepts of reliability and 

validity, which ensure trustworthiness to the work of positivists, are not applicable in the 

same sense to naturalistic research. To address criticism of the trustworthiness of 

qualitative data, researchers have developed frameworks for achieving rigor (e.g. Lincoln 

& Guba, 1985). In qualitative studies, information obtained from several sources and 

collected using various methods verify what actually happened during investigation. To 
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address this issue, data was collected from multiple sources using a variety of methods. 

Participants‘ written accounts of their perceptions of integration of science and 

mathematics, online discussions, written reflections of enacted lessons, video recordings 

of planned and taught integrated lessons, as well as individual interviews (conducted with 

selected participants) via Second Life provided data for this study. 

To ensure credibility and reasonableness of findings, certain suggested practices 

were adhered to during the data collection phase. Merriam (1985) emphasized that 

―attention to how the data are collected and analyzed and then verified‖ (p. 212) is one 

way of ensuring that issues of reliability and validity are addressed, while Yin (1994) 

recommended that a chain of evidence be maintained to increase the reliability of the 

study. For this research, field notes of each data collection session, including a section for 

my reflections, were kept to serve as ―an audit trail‖ (Merriam, 1985, p. 212), and the 

case study report contains citations which leads to evidence in the data.  

Baxter and Jack (2008) suggested that ―prolonged or intense exposure to the 

phenomenon under study within its context‖ (p. 556) should be planned to in order to 

obtain multiple perspectives. To achieve this, I attended each meeting in Second Life, 

continuously monitored the online discussions, read participants written reflections, and 

maintained frequent communication with the course instructor. Based on emergent data, 

six participants forming three groups were selected for further focus. As the participants 

within these groups attempted to integrate science and mathematics during the semester, 

in-depth exploration of changes in their perceptions were probed. Observations of video 

recordings of enacted lessons and individual interviews conducted with each selected 
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participant produced additional information to help answer the research questions, 

describe the context, and explain the phenomenon.  

Triangulation of data, another procedure widely used by qualitative researchers to 

insure trustworthiness or validity (Drew et al., 2008; Merriam, 1985; 1998; Tellis, 1997), 

was utilized. The strategy of triangulation supports the ―principle of case study research 

that the phenomena be viewed and explored from multiple perspectives‖ (Baxter & Jack, 

2008, p. 556). Throughout the data collection process, I kept a reflexive journal. Analysis 

of information gathered was an ongoing process and categories were formed and 

recorded in the reflexive journal. Impressions and descriptions of events and observations 

were also recorded to facilitate ―thick description‖ (Glesne, 2006, p. 9) which provided 

detailed accounts of occurrences and contexts (Denzin and Lincoln, 2003). Thick 

description also provides understanding of ―direct lived experience‖ (Glesne, 2006, p. 

27). The reflexive journal also served as a means of data triangulation because it was 

used to verify information. 

Member checking, peer review and debriefing are also procedures that can be 

followed to establish credibility (Baxter & Jack, 2008; Glesne, 2006). Member checks 

were incorporated into the research process during interviews. In these sessions, answers 

were repeated and/or rephrased by the interviewer and participants were asked to verify 

what was said. Thus, member checks were employed to avoid misinterpretation of 

interview data.  

Peer review and debriefing was also utilized through discussion of observations 

and interpretations of data with the course instructor. After each data collection session, 



Texas Tech University, Bibi Ganesh, May 2010 

 69 

the course instructor and I engaged in discussions and shared our thoughts and 

interpretations of the data collection process and the data obtained. Data from 

participants‘ written account of their initial perceptions of integration of science and 

mathematics were coded and discussed with the course instructor. During follow up 

sessions, broad categories identified were discussed and the results were refined. Insights 

gained from such discussions strengthened the research report. Data from online 

discussions, presentations, and other written work such as lesson plans and weekly 

reflections were similarly triangulated.  

The data collection process outlined above for this investigation is in accordance 

with the guidelines set out for triangulation (Drew et al., 2008; Glesne, 2006; Lincoln & 

Guba, 1985). Data were collected over the course of one semester and steps were taken to 

maintain an audit trail. Member checking and peer debriefing, as explained earlier, were 

included in the research. Based on the literature examined, these steps helped establish 

trustworthiness of the case study. 

GENERALIZABILITY AND TRANSFERABILITY 

 Case study research has been frequently criticized because of the claim, ―the 

results are not widely applicable in real life‖ (Tellis, 1997, p. 2). Researchers (Yin, 1984; 

Stake, 1995) addressed this criticism and advanced counter arguments. Yin refuted the 

censure and explained the difference between ―analytical generalization and statistical 

generalization: ‗In analytical generalization, previously developed theory is used as a 

template against which to compare the empirical results of the case study‘ (Yin, 1984)‖ 

(p. 2). Stake presented arguments for a ‗naturalistic‘ generalization and Tellis presented 
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that ―the data generated by case studies would often resonate experientially with a broad 

cross section of readers, thereby facilitating a greater understanding of the phenomenon‖ 

(Tellis, 1997, p. 2). Qualitative researchers seek to understand a particular phenomenon, 

then to disseminate the findings (Glesne, 2006). When the findings from a specific study 

are reported, they can address a larger group with similar characteristics and/or within 

similar contexts. Therefore, the research findings move from the specific to the general – 

in other words, they are generalized but not in the same sense as for quantitative studies.  

 This investigation is based on a much debated topic – integration of science and 

mathematics teaching. Although generalization is not the aim, the findings of this study 

will definitely be of interest to educators who support integration as well as those who 

oppose this pedagogical approach. Some educators may be motivated to use these 

findings as a springboard for reform and as such, the findings from this investigation will 

be, to some extent, generalized. To avoid any form of misunderstanding, the findings are 

presented in a way that best describes the case in context through the use of narrative.  

 Qualitative researchers tend to argue for transferability instead of generalizability 

(Clandinin & Connelly, 2000). If the context of the study is similar in salient ways to 

contexts with which the reader is familiar, findings may be transferred. Merriam (1998) 

referred to this practice as ―reader or user generalizability‖ (p. 211). To facilitate this 

process, Shenton (2004) emphasized, ―it is the responsibility of the investigator to ensure 

that sufficient contextual information about the fieldwork sites is provided to enable the 

reader to make such transfer‖ (p. 96-70). Bearing this in mind, thorough descriptions of 
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the context has been provided so that teacher educators and middle school science and 

mathematics teachers will identify with the context and gain new insights from this study.  

ADDRESSING POTENTIAL CONCERNS 

A common feature of the case study, ―the more episodic, subjective procedures‖ 

(Stake, 1978, p. 6), places it at a disadvantage for explanation of phenomena, compared 

to experimental or correlational studies. However, Stake (1978) emphasized that when 

the focus is on ―understanding, extension of experience, and increase in conviction in that 

which is known‖ (p. 6), the disadvantage is no longer evident. Methods of data collection, 

data analysis, trustworthiness, and generalizability of case study are some major concerns 

expressed by critics of this type of research methodology. As stated earlier, 

generalizability was not a concern of this study. Descriptions of participants and the 

setting, along with the use of participants‘ words to tell their stories, provide information 

which permits transferability. Multiple methods of data collection, ongoing analysis of 

data, constant comparison of data and emergent categories from various sources, use of 

field notes, and debriefing with an expert in qualitative research (the course instructor), 

helped establish trustworthiness. Direct observation of class meetings in Second Life and 

observation of videos of enacted lessons were done by multiple observers (the course 

instructor and me) and data gathered were corroborated in debriefing sessions. These 

procedures addressed rigor, eliminated potential concerns, and permitted relevant and 

valid understandings and conclusions. 
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SUMMARY 

 The use of a qualitative method was advantageous for acquiring the information 

sought in this research. This approach facilitated an understanding of inservice middle 

school teachers‘ perceptions of integrated science and mathematics teaching and learning. 

Credibility was established through the use of peer review and debriefing. Also, use of a 

variety of data collection sources and methods addressed the issue of trustworthiness. 

Ongoing analysis of data helped with organization and management of the large quantity 

of data collected. Constant comparison of data and emergent categories contributed to 

refining of categories and themes. The results of these processes guided the selection of 

participants for interviewing and also the construction of the semi-structured interview 

protocol. Further examination of selected participants‘ perceptions via interviews 

permitted comparisons with respect to subjects. 
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CHAPTER IV 

PRESENTATION AND ANALYSIS OF DATA 

INTRODUCTION 

Although integration of science and mathematics has been mentioned in literature 

for many years, there is a paucity of research on the teaching of these disciplines in an 

integrated manner (Friend, 1985; Judson & Sawada, 2002; Watanaby & Huntley, 1998). 

This study sought to add to the existing literature by examining middle school science 

and mathematics teachers‘ perceptions of integrated teaching as they engaged in an 

integration-focused education course. Changes in perceptions were also explored as 

participants read seminal articles, engaged in online discussions, and taught integrated 

lessons.  A literature search revealed that limited studies on perceptions of inservice 

teachers who are enrolled in graduate level professional development courses exist. Even 

more interesting, research on perceptions of integrated science and mathematics teaching 

held by inservice middle school teachers who are enrolled in a graduate course on 

integrated instruction in these disciplines is nonexistent. As a result, this study may be 

considered as exploratory as well as explanatory. The findings provide a foundation for 

further examination of inservice teachers‘ perceptions and practice of the teaching and 

learning of science and mathematics in an integrated manner and also illustrate the effects 

of integrated teaching and learning on teachers as well as students.  

A qualitative method of data collection and analysis was used to conduct this 

study (Freebody, 2003; Lincoln & Guba, 1985; Merriam, 1998; Glaser & Strauss, 1967). 

Multiple methods of data collection were employed as data were garnered from various 
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sources within the framework of the graduate level course. The data collection phase 

began during the first week of the course and ended with interviews during final 

presentations at the end of the semester. As suggested by Merriam (1998) and Yin 

(2003), data were collected and analyzed simultaneously. The data were examined 

holistically and constant comparison was made between data sets and data sources 

(Strauss & Corbin, 1990). Emergent categories were flexible to accommodate change as 

data from each new assignment were examined. Flexibility of categories enabled the 

researcher to keep an open mind about the similarities and differences between 

participants‘ perspectives and classroom practices. Categories were merged and refined 

based on ongoing analysis and were finally organized into themes. 

PRESERVING PARTICIPANTS‘ IDENTITY 

At the beginning of the course, a coding system was devised to preserve the 

identity of all class members. Although 22 members of the class agreed to participate in 

the study, all 24 were coded so that participants as well as non participants would remain 

anonymous. Labels S1 through S24 were assigned in a special manner to avoid 

identification. For purposes of reporting results of the study and to facilitate 

understanding of the data, this coding system was modified. Mathematics teachers were 

identified by attaching M to their labels and science teachers by attaching Sc, while 

teachers who taught both mathematics and science were identified by MSc. The teacher, 

who taught Industrial Education/Technology Education, was identified by adding ScM to 

the assigned label. As per program requirements (previously stated), class members 

formed working partnerships. Each pair consisted of one mathematics teacher and either 
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a science teacher or a teacher who taught both science and mathematics. One team of 

three comprised two mathematics teachers and one science teacher, while the other 

consisted of one mathematics teacher, one science teacher, and one teacher who taught 

both subjects. The non participants were members of the same team so it was not difficult 

for them to remain anonymous. As the semester progressed, two teams each comprising 

two participants did not complete all course assignments. As a result, toward the end of 

the semester data were available for only 18 participants. In order to preserve the identity 

of all members of the class, the original codes were retained for the entire study. 

DATA COLLECTION 

 Collection of data occurred throughout the fall 2009 semester. This time-frame 

allowed for participants‘ perceptions to be noted over an extended period. Information 

was garnered from class activities and assignments. During the first week of the semester, 

data were gathered from participants‘ written accounts of their perceptions of science and 

mathematics integration. This information, combined with data from online discussions 

during the next week of class, and written reflections on their first lesson provided a 

baseline for comparison of perspectives throughout the semester. Videotapes of 

participants‘ enactment of the first planned and taught integrated lesson, with their 

written reflections, and samples of student work, were compared to triangulate the data. 

In successive weeks data were culled from online discussions, reflections on 

enactment of three integrated lessons provided by the course instructor, comments on 

videotapes of peers‘ first integrated lessons, meetings in Second Life, the final planned 

and taught integrated lesson, reflections on the final integrated lesson, individual final 
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examination presentations, and interviews. Information from each of these activities 

served as lenses through which the researcher observed changes in participants‘ 

perceptions and practice of integrated teaching of science and mathematics.  

During each class meeting in Second Life the researcher was a voiceless presence 

who listened to discussions and noted participants‘ questions and responses without 

intruding. Data gathered through such observations aided thick description. Information 

about classrooms, students, and teaching which surfaced during these sessions were 

recorded and discussed with the course instructor in debriefing meetings. This data 

helped the researcher describe the setting in which integrated teaching efforts occurred. 

Additional data for description of classrooms, participants, and students were collected 

during viewing of videotapes.  

Most participants lived and worked considerable distances away from the 

university campus; therefore face-to-face interviews were not attempted. Instead, 

interviews were woven into the final examination. The individual examination comprised 

a Power Point presentation and oral questioning. A literature search yielded no example 

of a similar approach. 

For the examination, each participant met with the course instructor in Second 

Life at an appointed time. After each presentation, which generally lasted about 30 

minutes, the course instructor questioned the presenter. Common questions were selected 

from a semi-structured interview protocol to further probe perceptions of integration of 

science and mathematics held by participants. The course instructor freely asked 

additional questions to pursue other interesting elements of each presentation.  
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I attended each examination session with the course instructor. If, during the 

course of the presentation, answers for the specific questions on the semi-structured 

interview protocol were not addressed, the course instructor asked those questions at the 

end. Other questions which were necessary to further probe changes in perceptions of 

integration, or for clarification, were also asked by the course instructor when prompted 

me. This type of interviewing is reflective of what Glesne (2006) referred to as ―depth-

probing‖ (p. 104). The purpose of this interview was to understand how the interviewees 

thought or felt about integrated teaching and how they explained or accounted for 

changes in their perceptions of integration. Each presentation and interview session was 

audio recorded for fidelity. Notes were made about participants‘ demeanor, hesitancy or 

spontaneity of responses, apparent nervousness or confidence, and willingness to offer 

suggestions during the presentation and also during the interview process. The 

researcher‘s overall perceptions of each interviewee during the presentation and interview 

process were recorded in field notes and discussed in debriefing sessions with the course 

instructor. 

DATA ANALYSIS 

 Data were analyzed using naturalistic inquiry techniques. Shortly after collection, 

data gathered from each source were examined, coded, and organized under broad 

headings. Data from all 22 participants were used to identify initial perceptions of science 

and mathematics integration. To set a baseline for examining changes in participants‘ 

perceptions of integration, grouped data from four different sources - participants‘ written 

accounts, online discussions, the first planned and taught integrated lesson, and 
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participants‘ written reflections on the planned and taught lesson, were compared and 

categorized. The categories unfolded naturally, and in many instances they were derived 

from key words originating from the data. Constant comparison of categories led to 

delineation of themes. 

 Salient parts of other grouped data, gathered from continuing online discussions, 

enactment of four other integrated lessons, written reflections of other enacted lessons, 

class meetings in Second Life, final individual presentations, and interviews, were 

melded into existing themes. New themes were formed to accommodate data which did 

not fit into existing themes. Data from each source were constantly compared to identify 

signs of change in participants‘ perceptions over time.  

The presentation of results of this study departs from the traditional, thematic way 

results are presented in most qualitative reports. Taylor-Powell and Renner (2003) stated 

that you can focus your analysis on ―the purpose of your evaluation and how you will use 

the results‖ (p. 2). The method of presentation in this study outlines the changes in 

perceptions and establishes a natural progression of the events to which they are tied.  

PARTICIPANTS‘ INITIAL PERCEPTIONS 

Information about participants‘ perceptions of integration of science and 

mathematics teaching at the beginning of the course were gathered from several sources 

as outlined earlier. Data from each source were examined individually then compared and 

merged to establish a baseline for comparing changes in perception and to answer 

research questions as the course progressed. Visuals detailing changes in perceptions 

across data sources appear in Chapter V. 
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Written Assignment 

For their written assignment, participants were instructed to respond to the 

following prompt:  

Please write a one to two page (double-spaced) reflection regarding your 

perceptions concerning the integration of science and mathematics. After you 

have completed this assignment, please share and comment on others‘ perceptions 

on this matter within the discussion board.  

 

Responses were carefully perused and organized into broad categories. While only 15 

written assignments were submitted, some participants mentioned certain issues multiple 

times. Major categories emerging from participants‘ written account of their perceptions 

at the beginning of the course were Barriers to Integration, Benefits of Integration, and 

What is Integration? Data organized under Benefits of Integration were merged with 

What is Integration because understanding of what is integration is important for benefits 

of integration to be identified. The major categories are presented in reverse order of 

frequency, starting with What is integration?/ Benefits of Integration, to establish a 

natural flow.  

What is integration?/ Benefits of Integration 

 

Views of what is integration were expressed by 13 of the 15 respondents. Much 

variation existed in the written statements about what was assumed to be the meaning of 

integration. One participant stated that integration is ―math and science taught together‖ 

(S2MSc), while three referred to integration as a way of making connections. Integration 

was described as an action of ―bridging two curriculums‖ (S5M), as a process through 

which ―overlapping concepts and principles would be brought together in a meaningful 
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and cohesive way‖ (S4M), and as ―an idea to bridge the ever-widening gap in 

performance‖ (S8Sc). One interesting perception, ―sharing the responsibility of teaching 

concepts needed and used in more than one subject‖ (S17M), suggested that integration is 

synonymous with team teaching. Additionally, the view of integration as a meaningful 

way of teaching was implied in the statement, ―We need to learn mathematics and 

sciences [sic] in a tangible way instead of just moving electrons around on a computer 

screen or just reading in a book‖ (S20ScM).  

Thirteen respondents made 24 statements about benefits of teaching science and 

mathematics in an integrated manner. Key phrases from such statements were grouped 

into the following sub-categories (a) enhancement of student learning, (b) helpful to 

teachers, and (c) real world connection. 

 Enhancement of Student Learning 

The view that integrated teaching of science and mathematics is beneficial for 

students was expressed in several ways. It was assumed that frequency of ―doing‖ a 

subject would augment learning, evidenced by, ―If the student sees a subject like Science 

or Math more often they will find the subject easier‖ (S1Sc) and ―it [integration] will 

greatly improve student understanding in both subjects‖ (S9M).  One respondent 

expressed the view that through integration, one subject can enhance understanding in the 

other, ―science can provide concrete examples of abstract math ideas that help them 

[students] learn Math concepts‖ (S14M).  

Integration was also perceived as having psychological benefits because ―science 

can provide motivation for math development and vice versa‖ (S12Sc). One middle 
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school teacher expressed the opinion that ―hopefully it [integration] would provide the 

students with more hands-on knowledge of the concepts‖ (S23Sc), suggesting that 

something other than the teacher should be responsible for creating a meaningful learning 

environment. However, the same participant astutely predicted that integration would 

―help students start thinking about thinking‖ (S23Sc). 

 Helpful to Teachers 

 Integration was viewed as a means of encouraging ―cooperation among teachers‖ 

(S8Sc) and of fostering ―collaboration with colleagues‖ (S12Sc). It was also seen as a 

way of helping teachers improve their practice by requiring them to create ―enriched 

learning environments‖ (S8Sc). 

 The view that integration would alleviate ―most of the apprehension and 

frustration for both teachers and students‖ (S19Sc) tied both of the above categories 

together. This statement also suggested that integration was perceived as a panacea for 

the anxiety and dissatisfaction which teachers and students faced regarding the teaching 

and learning of science and mathematics.  

 Real World Connections 

 Five of the 15 respondents perceived integration as a means of providing students 

with opportunities for making connections between classroom learning and the real 

world. The statement, ―[integration] prepares them [students] to compete well in an ever-

changing global environment that depends on Math ans [sic] science [and] technology‖ 

(S4M) synthesized the other views expressed. 
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Barriers to Integration 

 It was interesting to note that although participants did not practice integrated 

teaching of science and mathematics (defined as intentionally teaching and utilizing of 

concepts, processes, and skills relevant to both science and mathematics in the same 

lesson) prior to enrolling in the graduate level class, their written perceptions included 26 

comments about barriers to integration efforts. Statements in this category were 

organized under the sub-categories (a) time, (b) standardized state testing practices, (c) 

teachers, (d) curriculum, (e) students, and (f) administrative issues. After careful perusal 

of written responses repeatedly, the researcher concluded that many participants 

disregarded the course direction and read some of the course materials about integration 

of science and mathematics before writing an account of their initial perceptions.  

 Time 

Time was mentioned as a major perceived barrier to integration efforts by 12 

respondents. Comments under this sub-category were organized in two groups, time for 

planning and preparation and time for teaching. 

(a) Planning and preparation 

Participants expressed concern about the amount of time they assumed would be 

utilized in planning for integrated science and mathematics lessons. Because of 

scheduling, they envisaged difficulty in coordinating meeting and planning times with 

teachers of the other discipline (science or mathematics). The statement, ―teachers do not 

feel sufficiently educated and trained to teach both Math and Science‖ (S4M) 

summarized the views of other participants who predicted that a huge input of time would 
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be needed to learn the content of the other discipline in conjunction with learning how to 

teach in an integrated manner and suggested feelings of inadequacy.  

(b) Teaching  

Whether respondents read in the course materials that integrated teaching would 

be time consuming, or they just predicted that enacting lessons in an integrated manner 

would demand much class time is debatable. However, five respondents expressed the 

opinion that integrated lessons ―requires [sic] extra time‖ (S16). They surmised that this 

would thwart integration efforts because ―the curriculum is laid out in a specific timeline‖ 

(S17) and deviation from the curriculum was not permitted in most schools.  

 Standardized State Testing Practice 

The state of Texas requires that middle school students undergo standardized 

testing in reading, writing, mathematics and science based on guidelines set out in the 

Texas Essential Knowledge and Skills (TEKS) standards. School ratings, and ultimately 

administrators‘ jobs are dependent on students‘ performance on the Texas Assessment of 

Knowledge and Skills (TAKS) (Texas Education Code, 2007). Consequently, much 

pressure is placed on teachers to get students ready to ―pass‖ the TAKS. Participants saw 

―accountability – TAKS‖ (S5M), and ―pressure to be on the district‘s time line‖ (S17M) 

as deterrents to integrated teaching. Many school districts adopted curricula geared 

towards preparing students for the TAKS. Also, a large number of schools created special 

TAKS classes, mandated by state testing regulations, for students who are considered to 

be in danger of failing. Remediation in these TAKS classes, especially for mathematics, 

is generally accomplished by students completing countless numbers of TAKS 
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worksheets and practice tests. In addition, the norm is that teachers rigidly adhere to 

instructional strategies perceived to enhance pass rates. It is therefore no surprise that 

participants cited TAKS as a major barrier to integration.  

Another reason put forth as a TAKS-related barrier to integration was that 

currently, mathematics is tested in all middle grades while science is only tested in fifth 

and eighth grades. Since ―priority is placed on passing standardized test in Math, but not 

necessarily Science‖ (S4M), some participants suggested that it would be imprudent to 

implement integrated teaching of these disciplines in all middle level classes. There was a 

clear perception that a subject is only important if it is tested by the state. 

 Teachers 

Comments pertaining to teachers were organized under the sub headings of 

content knowledge, experience with integration, cooperation, and resistance to change. 

(a) Content knowledge 

Statements made by four respondents clustered around teachers‘ lack of content 

knowledge to teach both disciplines. Only one participant, a science teacher certified to 

teach science and mathematics, indicated that he was somewhat comfortable with the 

content of the other discipline. The words of another participant succinctly summed up 

the views of the others and clearly expressed her personal perspective ―teachers do not 

feel sufficiently educated and trained to teach both Math and Science‖ (S4M). 

(b) Experience with integration 

Three respondents acknowledged that they practiced some form of integration; six 

suggested that lack of experience with integration may be a barrier to integration efforts, 
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and seven acknowledged that they knew nothing about integrated teaching; however they 

were aware of the word integration. With lack of understanding about what integrated 

teaching entailed, the comment that integration of science and mathematics ―may just 

scare us‖ (S17M) was not surprising. 

(c) Cooperation 

Drawing from personal experiences or from reading about integration efforts, six 

participants suggested that integration would not work in schools because of lack of 

cooperation among teachers. Paraphrasing one participant, some teachers worked in 

isolation and showed no interest in teaching strategies employed by their peers. As such, 

these teachers would not be inclined to cooperate with teachers in another discipline 

(science or mathematics) and this would definitely hinder integration efforts (S2MSc). 

Additionally, some participants stated that the tendency of experienced teachers to form 

cliques, which excluded less experienced teachers, would hinder collaborative efforts 

necessary for integrated teaching. 

(d) Resistance to change 

Unwillingness to accept challenges and move out of their comfort zones was cited 

by five respondents as a characteristic of experienced teachers that would thwart 

integration efforts. The statement, ―Teachers who have taught for many years believe 

there is only one way to teach‖ (S14M), emphasized that experienced teachers are rigid in 

their practice and would be reluctant to embrace change. Therefore, it was perceived that 

experienced teachers would resist integrated efforts.  
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The statement, ―veteran teachers [sic] resistance and discouragement‖ (S8Sc), fits 

under both of the previous headings, and succinctly summarizes these practices as 

barriers to integration efforts.  

 Curriculum 

The major issue identified as a curricular barrier to integration was non-alignment 

of science and mathematics curricula at the district level, precisely stated as ―science and 

math concepts do not allign [sic] in the district curriculum‖ (S17M).  Other concerns 

included strict adherence to linear progression of topics emphasized by school districts 

and a different vocabulary for each discipline. One observation, science and mathematics 

have ―different vocabulary for the same concepts‖ (S19Sc), alluded to the fact that some 

words have discipline specific-meanings. The participant who made this observation 

claimed that discipline-specific terminology would be an impediment to integrated 

science and mathematics instruction.  

 Students 

Comments in this category clustered around students‘ reluctance to do 

mathematics in science class and vice versa. Some respondents voiced concern that it 

would be difficult to get students to change from the mode of disconnected subjects and 

compartmentalized learning to which they were accustomed and this would impact 

integration efforts negatively.  
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 Administrative issues 

The barrier identified under this category was that of scheduling classes to 

facilitate collaboration between science and mathematics teachers. Participants 

recognized the difficulty of scheduling common planning periods which are necessary for 

collaboration, planning, and preparing of materials for integrated lessons. 

Two other categories, How to integrate, and My practice of integration, were 

formed but the frequency of use by respondents was minimal. However, the data in these 

categories are presented because they identified some interesting perceptions of 

integration at the beginning of the course. Two respondents shared the following ideas 

about How to integrate: ―keep a separate math and science class, but incorporate another 

class in which the skills learned in math were [sic] utilized in real-life situations‖ 

(S2MSc), and ―I will provide practical uses to [sic] my students for the mathematical 

ideas we are currently learning‖ (S24M). These statements illustrated participants‘ 

limited understanding of the process of integration as they embarked on the journey of 

experiencing instruction in and practice of integrated teaching. 

Three respondents reported that they were engaged in integrated teaching prior to 

the start of the course. However, a wide range of ―integrated‖ practice was reported. The 

statement, ―I find that when I link with a math concept, my students often have those 

―aha!‖ moments more frequently‖ (S8Sc), grouped under My practice of integration, 

implied that the participant made links to mathematics during science instruction and that 

his students benefited from the experience. However, the claim made by the other 

participant, ―My students are extremely INTEGRATED so my approach to instruction is 
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always growing‖ (S20ScM) illustrated confusion about the meaning and practice of 

integration.  

Online Discussions 

All 22 participants engaged in the online discussions about their perceptions of 

integration of science and mathematics during the first two weeks of classes. During the 

second week of the semester, the following readings were scheduled: 

1. Guide to inquiry-based instruction, Chapter 2 (Hall, C. & Sampson, V., 2009 

2. The effect of science and mathematics integration on selected seventh grade 

students’ attitudes toward and achievement in science (Friend, H., 1985).  

Therefore, it is possible that some participants‘ posts were influenced by information 

contained in the readings. Responses were initially organized under the following broad 

headings taken directly from online posts:  

 It is easier to integrate mathematics into science 

 Which should lead: science or math? 

 How would integration look? 

 Integration is difficult 

 Curriculum alignment 

 Cooperation among teachers 

 Barriers to integration 

Reexamination of data from the online discussions led to reorganization of categories. 

Two groups, Curriculum alignment and Cooperation among teachers, were included 
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Under Barriers to integration. Two major categories emerged from the data, Barriers to 

Integration, and It is Easier to Integrate Mathematics into Science. 

Barriers to Integration 

The second data source, online discussions, triggered more comments about 

barriers to integration than the first source, participants‘ written account of their 

perceptions of integration. The comments were arranged into sub-categories (a) time, (b) 

standardized state testing, (c) teachers, (d) curriculum, and (e) students. Based on data, 

the sub-category Time (for the online discussions) was subdivided in the same two sub-

groups as for the written assignment (outlined earlier).  

 Time  

(a) Planning and preparation 

Increased concern about the large amounts of time which were perceived as 

necessary for planning and preparation was evident. There was a perception that the 

demand for extra time would impede integration efforts, evidenced by ―the biggest issue 

is time‖ (S6MSc). One participant posted the following three comments, (on different 

dates), which are representative of the other views expressed, ―all we need is more 

TIME‖, ―with all the timelines … teachers are at a disadvantage‖, and teachers are faced 

with a ―problem in finding the time to integrate across the curriculum‖ (S3Sc). 

(b) Teaching 

Comments by three participants centered on the rigid structure of district 

guidelines, which allowed no time for teaching integrated lessons. The views expressed 

implied that integration was something extra to be done in addition to everything with 
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which overburdened teachers had to cope. The statement, ―We spend all our time making 

sure we are ‗getting it all in‘‖ (S19Sc), emphasized that integration was perceived as an 

additional chore instead of as an opportunity to provide quality instruction in both 

disciplines.  

 Standardized State Testing 

All comments grouped in this category referred to ―TAKS‖; however, this 

category was labeled standardized state testing to correspond with the category from the 

written assignment. Ten participants cited TAKS as a barrier to integration efforts. 

―TAKS is our main focus‖ (S24M) illuminated the importance placed on the TAKS test 

and emphasized that these teachers viewed integrated teaching and the TAKS test as 

incompatible. One claim directly connected TAKS with integration efforts, ―It seems like 

that test [TAKS] holds us back on curriculum integration‖ (S19Sc). Another participant 

declared, ―we are forced to follow such strict guidelines due to the TAKS test and scores 

that we do not have the opportunity to teach something that is not ‗tested‘‖ (S22M). This 

statement clearly portrayed that everything done in the classroom was geared toward 

TAKS.  

 Teachers 

This sub-category was divided into two sub-groups, content knowledge and 

experience. 

(a) Content knowledge 

 

Limited knowledge of content was perceived as another issue affecting the 

integrated teaching of science and mathematics. Five participants posted nine comments 
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about their lack of content knowledge in the other discipline. Interestingly, all of the 

comments were posted by mathematics teachers who were concerned that they did not 

possess the required knowledge of science. Comments such as, ―science has been a 

challenge for me‖ (S9M), and ―my biggest concern is that I have never taught science and 

I wasn‘t that good at it in high school and college‖ (S24M) highlighted the general 

concerns expressed by the other three participants. One very fascinating comment 

referred to compartmentalization of knowledge, ―I walk into my class, open up the math 

compartment in my brain, and close it when class is over‖ (S16M). This participant, a 

mathematics teacher, acknowledged that integrated teaching would be very challenging 

for him. Interestingly, he did not complete the course. 

(b) Experience 

Lack of experience with integration was also seen as a threat to integration 

attempts. Four participants expressed opinions about their perceived inability to integrate 

because they were unfamiliar with integration. Comments ranged from personal, ―This 

[integration] is going to be a challenge for me‖ (S16M), to general, ―I think most teachers 

are inadequate with integrating‖ (S9M).  

 Curriculum 

 Structured curricula geared toward preparation for TAKS, reported by five 

participants, were seen as an obstruction to integrated teaching. One participant 

elucidated, ―What I think stands in the way of integration is … the fact that we now face 

teaching subjects with a standard curriculum that in itself doesn‘t integrate for us nor 

allows for room to do so‖ (S17M). This participant perceived the curriculum as a barrier 
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to integration, but it was evident that his view of integration was unclear. Other views 

about the barrier posed by curriculum alluded to the difficulty of deviating from the strict 

linear approach outlined and because ―it is drilled into our heads, [sic] and it has to be 

completed within a specific timeline‖ (S18M). 

 Students 

This category was reported on by five participants and all comments focused on 

students‘ attitude. It was generally perceived that students displayed negative attitudes 

toward doing either mathematics in science class, or vice versa and this attitude would 

curtail attempts to teach these subjects together. However, a majority of comments, 

posted by the five participants, referred to students‘ abhorrence of mathematics which 

was typified by their marked reluctance to do mathematics outside of the mathematics 

class. Observations made by participants, which supported students‘ negative attitudes 

toward mathematics, included ―students turn off their ‗math brain‘ once they leave the 

math class‖ (S8Sc) and ―I have noticed the resistance to more math outside of the regular 

math class‖ (S15MSc). Questions allegedly asked by students when they were required to 

use mathematics in science classes included, ―hey, why are we doing math? This is 

science!‖ and ―do we really have to do math in science?‖ (S21Sc). One participant 

referred to students‘ lack of interest in science and mathematics by stating that it was 

difficult to get students ―to see relevance of either one alone‖ (S1Sc) and expressed the 

opinion that it would be almost impossible to get them to see the relevance of these 

subjects when combined. 
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Although three categories, Which should lead: science or math?, How would 

integration look?, and Integration is difficult had low frequencies they are included 

because they provide insights about participants initial concerns relating to integration of 

the disciplines.  

Which Should Lead: Science or Math? 

One participant felt strongly about how science and mathematics should be 

integrated, ―I truly believe that the science should follow the math. It would allow the 

students to already have the fundimentals [sic] of amth [sic] skills that will we [sic] use 

[sic] to solve various problems‖ (S3M). This statement implied that science and 

mathematics should be taught separately but mathematics should be used to solve 

problems in science. This view is a reflection of the current practice in some schools. 

Another view, ―It is easier to teach math in science because it is already part of their [sic] 

curriculum‖ (S9M), suggested that it would be possible for mathematics instruction to be 

done simultaneously with science instruction in the science class but not vice versa.  

How Would Integration Look? 

Lack of understanding of integration and concern about how it would be 

implemented was expressed in the question, ―Are we going to still have science class or 

math class or do we just get an extra hour of both [?]‖ (S23Sc).  Confusion about 

integrated teaching was evident in the latter part of the question – the participant 

apparently thought that integration meant more time for teaching both subjects.  
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Integration is Difficult 

The definition of integration for this study, previously stated, is ―integration 

refers to intentionally teaching and utilizing of concepts, processes and skills, relevant to 

both science and mathematics, in the same lesson.‖ Based on this definition, none of the 

participants taught science and mathematics in an integrated manner prior to the 

beginning of the course. However some of them expressed opinions about the difficulty 

of engaging in this practice. Statements such as ―Integration is something that is often 

easier said than done‖ (S8Sc), and ―Many people talk of integrating, but few really know 

how difficult it can be‖ (S21Sc) suggested that the participants were reflecting on their 

personal experiences with integration. 

Comparison of Categories Based on Written Assignment and Online Discussions 

 Comparison of categories which emerged from the written assignment and online 

discussions revealed similar major categories. However, data from the written assignment 

provided one more sub-category, administrative issues, under Barriers to integration than 

data from the online discussions. 

Data from both sources revealed that as participants engaged in discussions, their 

awareness of integration and concerns about how to engage in the practice of integration 

increased even at this early stage of the course. This claim is evidenced by the following 

excerpts, representative of the group‘s views, from online discussions: 

S15MSc: ―The current curriculum is structured in such a way that makes 

collaboration almost impossible‖. 
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S8Sc : ―I find that if the math teacher knows what i'm [sic] teaching, they can 

integrate what i'm [sic] doing in their class when it fits (like with graphing, 

plotting data, statistics, etc)‖. 

S18M: ―I now see…how completely inadequate [sic] I am at integrating‖.  

S24M: ―how [sic] do I integrate a subject I am less than comfortable with?‖  

Not only were the participants now aware that integrated teaching requires some amount 

of curriculum alignment, they were also cognizant of the need for collaboration and 

communication with colleagues in the other discipline (science or mathematics). Postings 

also indicated that participants were engaging in self-analysis and assessment of their 

abilities to teach the other subject.  

The above excerpts also illuminated participants‘ apprehension about perceived 

personal deficiencies in their ability to teach in an integrated manner. The willingness to 

share personal concerns indicated an emergent feeling of trust among participants. The 

high degree of openness in the online discussions can be sensed from the following posts: 

 ―I have a hard time understanding volume and three demensional [sic] figures if 

they are on a two demensional [sic] paper‖ (S14M) 

 ―This is going to be a challenge for me. It's not that I don't see the connection 

between the two, or how it could be beneficial in my classroom; it's just not 

something I am accustomed to doing‖ (S16M) 

 ―My biggest concern is that I have never taught science and I wasn't that good at 

it in high school and college. So in my class, it won't be ‗what idiot wrote this‘ but 

rather ‗what idiot taught that‘!‖ (S24M). 



Texas Tech University, Bibi Ganesh, May 2010 

 96 

Veteran teachers (6 - 25 years of teaching experience) as well as novice teachers 

(1-5 years of teaching experience) formed a community of learners who bared their 

academic shortcomings to each other. Some participants sought help from others who 

they assumed were more knowledgeable, while some used ideas put forth by others, for 

example, ―The math and science wall has great potential [sic]. Any pointers on 

introducing the wall?‖ (S15MSc). Comments such as, ―Hope you don't mind that I quoted 

you in my discussion piece! I just thought the wording was perfect!‖ (S18M), were 

complimentary.  

 Comparison of data from both sources in the major category, Barriers to 

Integration, corroborated participants‘ initial perceptions as well as provided insights of 

growing awareness of What is Integration.  The following statements highlight the 

consistency across both sets of data under this sub-category: 

Written paper: 

―LOT [sic] of confusion about what characteristics exemplify an integrated 

curriculum of math and science [exists]‖ (S12Sc) 

―no one knows the perfect or correct method of integrating math and science into 

education‖ (S15MSc) 

Online discussions: 

―Integration is something that is often easier said than done‖ (S8Sc). 

―I think most teachers are inadequate with integrating‖ (S9M). 

―Many people talk of integrating, but few really know how difficult it can be‖ 

(S21Sc). 
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While the above comments from the online discussions, like those from the written paper, 

also indicated that integration was perceived as difficult, they reflected a softer tone.  The 

following comments from both sources again highlight consistency in the data: 

Written paper: 

―It [integration] will allow the student to see the subject in more than one setting‖ 

(S1M). 

Online discussions: 

―When you integrate the subjects, the pieces come together and make a complete 

picture that makes sense to the students‖ (S4M). 

Comments from the online discussions suggested that a gradual change in understanding 

of integration occurred as participants shared their thoughts and feelings about 

integration. 

THE FIRST INTEGRATED LESSON 

Overview 

 Twenty members of the class, 16 of whom were participants of the study, 

completed this assignment. Four of the twelve lessons submitted by participants were 

team taught in pairs, one was team taught in a group of three, and seven were planned 

collaboratively but taught individually. Examination of the videotapes revealed that most 

lessons included some form of inquiry and hands-on activities. The use of science 

processes in mathematics was evident in three lessons while mathematics was used as a 

tool for science in three lessons. However, although the participants chose the lesson that 

was videotaped, the amount of new content taught in most lessons was minimal. The 5-
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point continuum proposed by Lonning and DeFranco (1997) was used to examine the 

integrated lesson. The lessons spanned all five points on the continuum, ranging from no 

integration of science (Independent Mathematics), to no integration of mathematics 

(Independent Science). Three lessons were grouped under Independent Mathematics, 

three under Mathematics Focus, one under Balanced Mathematics and Science, four 

under Science Focus, and one under Independent Science. 

Classroom Settings 

 The videos provided lenses for looking inside middle school classrooms across 

the state. For most of the lessons, students were initially seated in groups at tables. 

Subsequently, they moved to other locations – either inside the classroom or outside. 

Locations outside the classroom included the science laboratory/classroom, in the 

hallway (two lessons), or the paved area outside the building (one lesson). Cooperative 

learning was an inherent part of many lessons, so interaction within groups was high.  

 In all but one lesson, some amount of active participation of students was 

observed. Students were engaged in some or most of the following activities: reading, 

discussing, building, hypothesizing, testing, revising, reporting, and making conclusions. 

A general sense of interest, engagement, and in some cases enjoyment was evident in 

most classrooms. This occurrence was very significant because early interest in science 

and mathematics is of critical importance for students in the middle grades (Singh, 

Granville, & Dika, 2002).  

 The teachers looked fairly comfortable in the videos. Without intentionally setting 

out to do so, many of them showcased their pedagogical approach - either as classroom 
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managers, as facilitators of learning, or as partners in the learning process. Frequency of 

teacher-speech, tone, and inflection and pitch, highlighted the level of control teachers 

maintained over the lesson. The videos served as a method of triangulation of data and 

confirmed that participants‘ initially perceived integration as synonymous with inquiry 

and hands-on activities. 

Written Reflections 

Sixteen participants submitted written reflections on the first planned and taught 

integrated lesson. Data from participants‘ reflections were organized under the following 

broad headings: student learning and enjoyment, integration, suggestions for 

improvement, lesson quality, collaboration, other benefits, affective concerns/comments, 

time, and pedagogical growth. The data grouped under each heading were reexamined 

and organized into two major themes. A new theme, personal issues, emerged while 

benefits of integration remained and was strengthened. 

Personal issues 

Unlike data from the two previously presented sources, a majority of the 

comments in participants‘ written reflections on the first enacted lesson were focused on 

personal matters. Comments based on integration, suggestions for improvement, lesson 

quality, affective concerns, and pedagogical growth were grouped in this category. Most 

of these comments suggested that after teaching their first integrated lesson, the 

participants turned their reflective lenses toward themselves. The overall perception of 

integration from this category was that it presented challenges, but it also offered 
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opportunities to make teaching and learning science and mathematics interesting and 

meaningful.  

 Integration 

Participants‘ earlier comments about integration were made prior to teaching an 

integrated lesson and were therefore based on opinions. However comments about 

integration in their written lesson reflections were more personal and indicated a growing 

understanding of this process. One participant stated ―things went fairly well considering 

our confusion [about integration] at first‖ (S21Sc), while another declared ―I played it 

safe and tried to tie together what the students had learned in both Math and Science over 

the course of the week‖ (S24M). The second comment (by S24M), indicated that in the 

enacted ―integrated‖ lesson, science and mathematics concepts were reviewed together 

instead of new concepts being taught. The claim, ―This [lesson] allowed students to 

integrate knowledge learned from another discipline into the subject they are currently 

studying‖ (S6MSc), implied that concept(s) previously taught in either science or 

mathematics were used in the teaching (or reinforcing) of concepts in the other discipline.  

 Suggestions for improvement 

Although this first lesson was taught at the beginning of the course, most 

participants exhibited some awareness of integration and how integrated teaching should 

impact student learning. The perception that integration should lead to improvement in 

student learning led participants to propose specific ideas for enhancement of lessons. 

Statements such as, ―In the future we intend to remove some of the variables that caused 

experimental variations between the groups‖ (S3Sc), and ―I felt we could have added 
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…Google Sketch Up, and use that drafting program to design their bridges‖ (S20ScM) 

showed that participants were engaged in reflective thinking about how to make their 

lessons better. However, it was interesting to note that while these suggestions were made 

for the integrated lessons taught, they did not reflect any specific feature of integrated 

teaching - both suggestions could be applied to improve specific science lessons. 

 Lesson quality 

 Reflections also included statements about the quality of lessons. Some 

participants‘ felt that their first integrated lesson provided challenging learning 

environments for students and also opportunities for collaborative work. The following 

statement served as a synthesis of comments supporting this assumption, ―This lesson 

incorporates higher order thinking skills by students making conclusions about the 

densities of objects and also deeply relies on teamwork to get the accurate measurements 

for all the individual objects‖ (S23Sc). Additionally, the same participant focused on self-

reflection in terms of overall lesson quality, ―I do still fall a little toward the ‗teacher-led‘ 

instruction, instead of ‗student-led‘ instruction‖ (S23Sc).   

 Affective concerns/comments 

Some participants made comments concerning their thoughts and feelings about 

teaching integrated lessons. One participant‘s feeling of accomplishment is clearly stated 

in the comment ―doing this lesson was such a positive experience for me.  I really 

enjoyed being able to incorporate science in such a simple but impacting way. It was a 

good feeling to knowing [sic] that I was helping to reinforce what is going on in the 

science classroom‖ (S18M). A general feeling of satisfaction was evident in claims such 
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as ―I was very pleased overall with how things went and what we were able to do with 

the time and materials on hand‖ (S20ScM), and ―I was excited that I was able to teach 

one of the advanced students how to make her graph more accurate using a protractor‖ 

(S2MSc). The comments included in this category alluded to a perception of integration 

as a means of providing enjoyment and self-satisfaction for teachers. 

 Pedagogical growth 

One participant‘s comments, ―I could have them ask a partner for help, rather than 

giving them the answers. I will try to remember all this not only for the next taping, but in 

day to day teaching‖ (S23Sc), implied pedagogical growth as a result of reflecting on the 

integrated lesson taught. As stated previously about some other comments, the above 

claim is not a specific function of integrated lessons. However, the participant made the 

observation after teaching an integrated lesson. This therefore suggests that pedagogical 

growth may occur as a result of teaching in an integrated manner.  

Benefits of integration 

 Specific claims about student learning and enjoyment, collaboration with 

colleagues, and other benefits of integration were grouped in this category. It was noted 

that prior comments about benefits of integration did not address student learning and 

enjoyment. 

 Student learning and enjoyment 

Comments about potential academic benefits for students mentioned by 

participants in their initial written accounts of integration were opinion-based. However, 

after teaching their first integrated lesson, participants reported that student learning 
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occurred. Comments such as ―By the end of the lab students know [sic] that the 

acceleration and distance traveled is a direct effect of the mass applied to the 

car‖(S3Sc),―my students learned that data can be collected from many different kinds of 

things‖ (S18M), and ―they were surprised by the end results and how much pressure their 

bridges would withstand‖ (S21Sc), provided evidence of this claim. In addition to 

learning, participants also stated that student enjoyment was evident. This claim is 

highlighted by the simple statement, ―The students seemed to enjoy the lesson‖(S3Sc). 

Data was triangulated by comparison of claims from participants written reflections with 

information gleaned through examination of videos of enacted lessons and from samples 

of students‘ work submitted. Participants‘ claims that student learning occurred and that 

students enjoyed the lessons were corroborated by the comparison.  

Affective student behaviors were also reported, for example, ―The students were 

positive and helped one another.  This type of activity enables the students to function 

cognitively and socially‖ (S14). Thus, integration was perceived as a means of 

establishing a community of learners within the classroom as well as providing 

opportunities for social development. Another comment, ―It was interesting to see how 

the different groups thought about problem solving and took each other‘s ideas and 

worked out their final product‖ (S21Sc), identified the integrated lesson as a source of 

collaborative student work which in turn grabbed the teacher‘s interest. 

 Collaboration with colleagues 

Contrary to data from the other sources, data from participants‘ written reflections 

on the first enacted integrated lesson indicated that collaboration with colleagues was 
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reported as a benefit of integration rather than as a barrier to integration. Four 

respondents mentioned collaboration with teammates and also with other teachers. 

Mathematics teachers relied heavily on science teachers to help with ideas for integrating 

science into their lessons and also for understanding of the science content. This 

observation is illustrated by the comment, ―She helped me tie what they had already done 

in class to what I had been working on.  She explained the lab that the students had done 

in her class, even giving me back the worksheets they had done in her room‖ (S24M). 

 Other benefits 

Participants recognized additional potential benefits of teaching their specific 

integrated lessons. Two comments by one participant, ―I can also see how teaching a 

lesson like this could reinforce both lessons‖ and ―You could also expand this lesson to 

real-world applications, like how some fruits and vegetables are sorted according to their 

sizes‖ (S24M) highlighted the awareness that teaching integrated lessons had many 

possibilities. Another participant reported that the integrated lesson taught by his team 

presented real-life applications of mathematics and science in a ―tangible‖ way and 

claimed, ―the ‗tangible‘ part is key for the middle school learner! The students were 

engaged from start to end‖ (S20ScM).  

Of particular interest, and contrary to data from previously discussed sources, the 

only barrier to integration mentioned in participants written reflections on their first 

enacted integrated lesson was that of time.  However, the comments about time were less 

forceful than for other data sources and referred to only one aspect of time - teaching 

time. Three participants reported that their integrated lessons took three days to complete 
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while another claimed, ―This lesson took a couple of days‖ (S21Sc). It is apparent that 

due to lack of experience with integration, these three participants planned to do too 

much in one lesson. The statement, ―Due to time constraints I wasn‘t able to talk with 

them about how to identify a function‖ (S5M) suggested that the participant was aware of 

time as a factor which impacted the completion of the planned lesson.  

Categories from inservice middle level science and mathematics teachers‘ written 

accounts of perceptions of integration, online discussions of the same topic, and written 

reflections on one planned and taught (enacted) integrated lesson were compared and 

themes delineated. The major categories from each source, already discussed, were 

retained as themes since they could not be further combined.  

CHANGING PERCEPTIONS 

Other Data Sources 

Information from other data sources provided additional insights into participants‘ 

perceptions of integration as well as changes in those perceptions. Interesting comments 

from each source are provided. 

1. Reaction to Friend‘s Article(The effect of science and mathematics integration 

on selected seventh grade students‘ attitudes towards science) 

 Most comments in reaction to this article focused on benefits of integration for 

student. The statement, ―Any curriculum that helps students see the concepts and helps 

them think more critically will increase knowlegde [sic] in all areas‖ (S14M), suggested 

that an integrated science and mathematics curriculum (which was used in Friend‘s 

study) is perceived as beneficial for students. The same participant also expressed an 

opinion on the impact of reading ability on achievement in science and mathematics, ―I 
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also think that if a student is a good reader then it helps in all subjects. If they have the 

ability to read something and really understand it then they will acheive [sic] more in 

math, science, social studies, and of course english [sic]‖ (S14M).This view was 

supported by another participant who claimed, ―They [students] do fine with computation 

but reading and understanding how to apply the concept is so difficult for many of my 

students‖ (S5M). 

One participant used information presented in Friend‘s article to support 

integrated teaching, ―we should integrate because it is good educationally for the smart 

ones and good emotionally for the average ones‖ (S2MSc). Another reaction,  

The integration of math into science is inevitable and would benefit the learner. 

But, integration is not the magic bullet for curriculum complacency, educational 

stagnation, and lethargic learners. Math must be integrated in a practical manner, 

with continuous improvement, and input from the learners (S15Sc), 

 

indicated that integration had merits for student achievement and involvement in the 

education process. This view was supported and extended by the statement, ―I completely 

agree with your last statement that integration will not fix everything but I hope it would 

help bridge gaps for students who do want to learn and also help lead to future careers for 

those good at math and science‖ (S22M). 

Another participant attempted to view integration from teachers‘ as well as 

students‘ perspectives by stating,  

As adults, it's very easy to see the advantages of integration. When you're a child, 

on the other hand, especially if you feel like you struggle with either subject, and 

you're suddenly faced with the prospect of having to learn both subjects 

simultaneously, I can see where that might cause some undue stress and 

digression in attitude toward the content areas (S20ScM).  
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This view was supported by another participant who opined, ―The integration of math too 

quickly could shock the students and overwhelm them‖ (S15Sc).  

One participant who thought that information contained in Friend‘s article 

supported integration (mentioned earlier) reflected on students‘ reaction to her integration 

attempts, ―I think they are getting a little tired of the math aspect. I think maybe it has to 

do with the fact that the math in science is harder than the math in math‖ (S2MSc). This 

participant was referring to the non alignment of topics in middle school science and 

mathematics curricula which necessitates the use of mathematics concepts (in science) 

which are above the grade level requirements of the mathematics curriculum. 

2. Reaction to Koirala and Bowman‘s article (Preparing middle level preservice 

teachers to integrate mathematics and science: Problems and possibilities) 

Participants identified with the article, illustrated by comments  

such as ―It seems like this article is talking about us. It made me wonder if I am actually a 

guniea [sic] pig‖ (S14M). 

Benefits of Integration 

 Some strands of the discussion focused on many previously identified benefits of 

integration. Comments referred to advantages for students as well as teachers.  

 Students 

The following statement is representative of comments on benefits and it also 

identified one barrier to integration,  

―I thought the first sentence put it best, that many members [sic] of math and 

science believe that integration will enhance students understanding in both 

subject[s]. I think we all know integration could be an amazing thing for students 
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and teachers to experience. We just lack [knowledge of] how to implement this in 

the classroom‖ (S3Sc). 

 

The view expressed above was supported by another participant who claimed, ―I liked all 

of the quotes about how integration is so bebficial [sic] but also frustrating‖ (S14M). 

 Teachers 

Increase in knowledge of integration was referred to by comments such as, ―This 

article also helped me understand integration. Math and Science integration makes them 

support eachother [sic] and reinforces different things in diferent [sic] classes‖ (S23Sc) 

and ―I enjoyed this article because it added more to what my view of integration is when 

it comes to math and science‖ (S17M). 

 Collaboration 

Additionally, one participant identified how teachers could make integration 

work,  

If were [sic] work together with other teachers, specifically on our own grade 

level, we can reinforce the content so that the ‗double whammy‘ will sink in. 

Also, another teacher might say it [the same thing in] a way that is easier for a 

student to understand (S7M).  

Barriers to Integration 

The comments on barriers to integration were summarized by the statements, ―The article 

by Koirala and Bowman reminded me of our cohort. It seems we all like the idea of 

integration, but we get frustrated when it is difficult to do, and due to lack of planning 

time we might be inclined not to do it‖ (S2MSc) and ―I found a quote on the first page to 

be quite accurate and actually feel like our entire masters [sic] class is based around this 
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thought. ‗The two most important issues are lack of teacher content knowledge and 

experience with integration‘‖ (S19Sc). 

3. First set of online comments after viewing videos of first integrated lessons 

 

Comments posted by participants after viewing their colleagues‘ videos of the 

first enacted integrated lesson suggested that during the viewing of the videos participants 

did not focus on integration aspects. Many comments referred to classroom management, 

―Good classroom management!‖ (S10Sc), ―First of all the classroom management was 

great‖ (S3Sc), and ―The first thing I noticed was how good your classroom management 

seemed to be‖ (S22M). One participant stated, ―I did notice that the middle school labs 

were not as noisy as ours‖ (S6MSc) which related to classroom management, although in 

this case, the term was not specifically mentioned.  Other comments were 

complimentary, for example, ―I really liked how you gave an overview at the beginning 

and laid out your expectations for the students (in the form of a rubric)‖ (S19Sc), ―I liked 

the way you grouped the students‖ (S6Ms) and ―I‘m impressed by the amount of wait 

time you gave students when questions arose‖ (S5M). 

Based on the comments posted, I noted that participants did not appear to 

understand the meaning of integration. In a meeting with the course instructor, a decision 

was made to have members of the class read two articles which specifically addressed 

integration of science and mathematics. The following statement was posted on the 

course webpage: 

One of the purposes of this class is to raise your awareness of potential integration 

opportunities. Please read the following articles - located under the Course 

Content tab, Resources, Integrating Math and Science: Correlating Math and 
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Science (West) and Mathematics and Science Together (Berlin). In your 

discussions this week about the videos, think where the videos would currently be 

classified. Having read the West and Berlin articles, provide suggestions as to 

how you could make the lesson more integrated (correlated). What would you do 

differently or keep the same as you plan for your final integrated lesson? Keep in 

mind that we are seeking to improve lessons - as suggested in the Japanese Lesson 

Design article. 

 

As a result, in the second discussion of the videos, participants used information from the 

assigned articles to address integration attempts by their peers. 

4. Second online discussion of lesson videos 

 

Lessons were viewed through more informed lenses, as evidenced by the 

following comments: ―___Lesson: The lesson was very heavily weighted on the science 

side‖ (S8Sc), ―___ and ___ class, I think, is best categorized as a math lesson. They try to 

use science as a tool, and attempt integration, but the integration aspect is very weak‖ 

(S20ScM), and   

 I would put your lesson in the ‗balanced mathematics and science‘ group. While 

the lab seemed more science based, math concepts including formulas, line 

graphs, X axis, and Y axis were used and discussed. These concepts were woven 

throughout the lesson which strengthened students' understanding of both science 

and math (S4M). 

 

Several comments about one lesson confirmed that there was consistency in the 

categorization of the lesson in terms of integration. Evidence of this claim is provided by 

the statements ―___ [S8Sc] class can easily be categorized as integrated, and he also 

effectively used math as a tool. The scientific process is very clear and the students 

understand it‖ (S20ScM), ―___'s [S8Sc] lesson included both science as a process and 
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math as a tool‖ (S7M), and ―___'s [S8Sc] lesson was integrated well, [it utilized] science 

as a process and math as a tool‖ (S21Sc).  

Participants also commented on their own lessons. Statements such as, ―I feel that 

for [sic]___ and I tried to integrate the lesson as much as possible but it was hard to make 

both subjects equal. The lesson was more math as a tool‖ (S14M), and ―My lesson 

probably had the weakest science content but it did connect math and science‖ (S4M) 

illustrated that participants were critically assessing their own lessons in terms of the 

amount of integration included. In addition, there was consensus within teams about the 

amount of integration in their enacted lessons. Two participants who team taught posted 

the following statements individually, ―I see that _____‘s lesson and my lesson were 

content focused leaving out integration‖ (S17M) and ―As for myself and ______ I do 

agree that we appear to be more ‗content focused‘‖ (S15Sc).  

Comparison of comments made by the same participants in both discussions 

highlighted changes in the way the videos were observed. The following comments 

posted in the second discussion by three participants were focused on integration and 

were very different from their comments posted in the first discussion (stated earlier): 

―I did enjoy how this appeared more as a math lesson but infused science more 

and more. Most of the time[s] we use math as a skill to do science, but both your 

contents were equally represented and relevant in the learning process‖ (S3Sc) 

―Seemed to be mainly a science lesson but you had no problem integrating 

various math concepts where possible‖ (S10Sc) 
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 ―I thought your lesson was a great example of math and science integration. This 

was a good example of doing a science lesson where you use math as a tool‖ 

(S22M). 

5. Written reflections on the second integrated taught – the Pendulum Lesson 

Seventeen participants submitted this assignment. Data from this source 

reinforced information gathered from previous sources as well as revealed noticeable 

changes in participants‘ perceptions of integration. Slightly more comments were made 

about benefits of integration than about barriers. 

Benefits of Integration 

 Students 

 Benefits for students mentioned by participants included, ―My students gained a 

lot from the experiment. They had a real interest in the results‖ (S8Sc), ―this lab was a 

good learning experience for the students‖ (S14M), and ―the students gained a valuable 

lesson about the application and many uses of math beyond the classroom‖ (S15MSc). 

One very interesting observation, ―the students that really took off with the experiment 

were my low [ability] kids. They seemed really focused and enjoyed the lesson‖ (S17M) 

pointed out students of all ability groups benefited from the integrated lesson. 

 Teachers 

Several comments referred to increased teacher knowledge about integration, 

suggesting benefits for teachers. Included among those comments were, ―With this 

particular lab I discovered that integration lessons can be productive and fun without 
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being too labor intense‖ (S5M) and ―I was able to understand the importance of 

integrating math into science‖ (S15MSc). 

Barriers to integration 

The barriers to integration most frequently identified in relation to this lesson 

were those of teachers‘ lack of content knowledge and time. As mentioned previously, 

mathematics teachers made most of the comments about lack of content knowledge. 

Statements such as, ―I am not a Science teacher and I honestly could not figure out how I 

was going to approach the lesson‖ (S23M), ―The integrated lessons so far have been 

science based so I have not been in my comfort zone‖ (S5M), and ―I had a hard time 

going between the words period and pendulum, and was constantly fumbling over my 

words‖ (S18M) illustrated this observation. The barrier of time related was evident in 

statements made by both mathematics and science teachers, for example, ―if we would 

have more time…‖ (S14M), ―it took the majority of the period for students to go through 

the discussion and the actual experiment‖, and ―We didn‘t have enough time to properly 

discuss our results‖ (S9M). 

One participant, a mathematics teacher, was very frustrated with this lesson. She 

made five of the 15 comments about barriers to integration concerning the pendulum 

lesson. Apart from comments already cited in this section, the participant identified 

difficulty for students, ―my students didn‘t seem to understand how to conduct the 

experiments … we started the class going over the procedure but it was too much for 

them‖, teacher frustration, ―sometimes 6
th

 graders are very immature. They don‘t seem to 

be able to handle too many directions at a time, which is frustrating‖, and teacher as well 
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as student difficulties, ―Expecting for them to be able to keep time and have/manage so 

many manipulatives on their desk was exhausting‖ (S18M). 

In contrast to the above case, one participant who taught both science and 

mathematics was extremely positive about the pendulum lesson, evidenced by, ―I was 

excited at the opportunity to see an integrated math lesson in action‖ and ―I was able to 

understand the importance of integrating math into science‖ (S15MSc). The same 

participant agreed with his team-teaching partner who stated that the first integrated 

lesson attempted was ―more content focused leaving out the integration‖ (S17M). From 

both comments made, it appeared that this participant was unsure of what constituted an 

integrated lesson when he and his teammate planned and taught the first lesson. It was 

evident that he welcomed the opportunity to enact the pendulum lesson, the first truly 

integrated lesson that was made available to him. 

6. Written reflections on the third integrated lesson – Hanging in the Balance 

 This assignment was completed by 19 participants. However, data could only be 

collected from 18 because one document was submitted in a format that could not be 

opened. Efforts by the course instructor to get the participant to revise the document and 

resubmit the reflection was unsuccessful.  

 The balance lesson was a favorite with participants. Sixteen of the eighteen 

written reflections contained comments to this effect. Views expressed included, ―This 

was a good lesson for math and for science‖ (S14M), ―this was a successful lesson‖ 

(S9M), and ―It was exciting to see the kids so engaged in a discovery type math problem‖ 

(S10Sc).  
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Benefits of Integration 

An overwhelming majority of the salient comments were benefits of integration. 

Comments pertaining to benefits were arranged into two groups, benefits for students and 

benefits for teachers. Interestingly, benefits for both students and teachers included 

increase in knowledge and enjoyment of lessons. 

 Students 

 Benefits for students accounted for a large majority of comments, most of which 

pertained to student achievement and the rest to student enjoyment. Comments about 

student achievement included empirical evidence such as, ―When we compare the results 

from the pretest to the post test it seemed like the students learned a great deal‖ (S22M), 

and anecdotal evidence, ―This lesson has given my students a deeper understanding of 

what equal means‖ (S6MSc). Student enjoyment was evident from comments such as, 

―All of the students were saying this was so cool to learn math this way‖ (S10Sc) and ―I 

have never heard more terms such as wow, cool, that really works and oh, that is what it 

is suppose to do‖ (S6MSc).One comment, ―The students really enjoyed this project and 

though [they] completed [the assignment]; they were still trying to challenge their 

classmates with difficult equations and positions on the balance scale‖ (S3Sc), 

highlighted the fusion of enjoyment and academic engagement. The potential of truly 

integrated lessons, such as the balance lesson, for improving student achievement in 

science and mathematics was also evident. In addition, one participant noted that the 

balance lesson presented an opportunity for student awareness of the importance of  
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integrating science and mathematics instruction, evidenced by ―This [lesson] really 

allowed the students to see how much math and science actually work together‖ (S22M). 

 Teachers 

 Comments grouped under benefits for teachers included, ―I‘m glad to have a 

concrete example [the constructed balance] that I can refer back to‖ (S2MSc) and ―we 

had to model that there could actually be many answers for one individual scenario.  It 

was very enlightening as a teacher‖ (S18M). Teacher enjoyment was also evident from 

some comments, for example ―I enjoyed working with the kids on this lesson‖ (S14M). 

Two other comments, ―I enjoyed this lesson very much because it developed a better 

understanding of the equal sign‖ (S17M), and ―I will enjoy referring back to this lesson 

when we start solving equations‖ (S2MSc) supplied academic reasons for teacher 

enjoyment. 

Participant S18M‘s comments about the balance lesson were of particular interest 

because of their contrasting difference from those made about the pendulum lesson. 

Comments such as, ―I feel that the lesson went really well‖, ―I have no doubt that my 

students learned during this lesson‖, ―They owned the lesson, and they took their 

education to a more personal level!‖, and ―They really enjoyed being able to see how to 

balance out the scale.  It seemed to be a welcomed challenge‖ indicated that the 

experience for the teacher as well as students was very positive.  

Barriers to Integration 

The only barrier to integration mentioned in this data set was that of time, and like 

the comments in this category for the first planned and taught integrated lesson, the tone 
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was much softer than for the other sources of data. Comments included, ― I was a little 

crunched for time towards the end of the period‖ (S8Sc), ―It took our kids a long time to 

make the balances, so first period didn‘t get to finish the entire lesson‖ (S9M). One 

participant used the experience gained from one class to make adjustments for the other 

classes, ―making the balances took so long! So during my next two classes I 

demonstrated the making of a balance scale and then gave them premade scales‖ (S18M). 

The comments mentioned indicated change in participants‘ initial perception of time as a 

major barrier to integration.  

7.  Written reflections on the Cartesian Diver Lesson 

Eighteen participants submitted this assignment and salient comments were 

identified from their reflections. A preponderance of comments addressed benefits of 

integration for both students and teachers. 

Benefits of Integration 

 Students 

  The comments concerning benefits pertaining to students were almost evenly 

split between student learning and student enjoyment. Some participants identified 

specific aspects of content that was learned, for example, ―the activity gave several 

students an improved understanding of density, pressure, and buoyancy‖ (S15MSc) and 

―they [students] were able to relate this experiment to density and buoyancy and thus 

have a deeper understanding of these concepts‖ (S10Sc). Other comments such as, ―the 

kids got a lot of good useful information [from the lesson]‖ (S23Sc) and ―The kids were 

able to review and build on the concepts‖ (S14M) were general in nature.  
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According to participants‘ statements, this lesson really appealed to students. In 

some cases, the degree of excitement displayed by students amazed the teachers, as 

illustrated by, ―Wow! Just setting the Cartesian Diver that I made in front of the class the 

day before I taught the lesson really got the students excited about learning what this 

contraption was‖ (S10Sc) and ―suddenly nothing but amazed faces and wows filled the 

classroom as the students were amazed at the reaction of putting pressure and then 

releasing pressure on the bottle‖ (S17M). One participant reported that one of her 

students voiced his enjoyment of the lesson thus, ―That was fun Mrs.______, we should 

do stuff like this more often!‖ (S18M). 

 Teachers 

The Cartesian Diver lesson had great teacher appeal. Many comments illustrated 

the interest, enjoyment, and excitement felt by participants. Comments such as ―It was 

really interesting to listen to the groups problem solve and figure out their water/air ratios 

needed to be changed‖ (S21Sc), ―I enjoyed this lesson as much as the students!‖ (S5M), 

and ―I wish you could have seen how excited they were about the whole lesson!‖ create a 

picture of the level of enthusiasm felt by the teachers. The following comment, also 

pointed out that pedagogical development occurred, ―This lesson was the perfect example 

for me. I now know what my lessons need to strive to be like‖ (S18). 

Negative comments about the Cartesian Diver, which formed a small part of the 

salient comments, pertained to the nature of the particular lesson and not about 

integration. Because the use of water was necessary for the activity, some amount of 
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mess was encountered and commented on. Additionally, one participant did not think that 

this was an integrated lesson and voiced the following concern,  

I had difficulty seeing a mathematics connection (and I‘ll be the first one to 

 remind people that all math isn‘t adding numbers or making graphs), and if I 

 had trouble seeing it, then I had trouble conveying it to the kids (S20ScM).   

MEETINGS IN SECOND LIFE – AN OVERVIEW 

This course was the first attempt at using Second Life to conduct classes at this 

particular college, so the technology learning curve was great for the course instructor as 

well as the class members. Also, many of the class members were not technology savvy 

so trying to take this class online, especially with the Second Life component, was quite a 

challenge. Over the semester, five class meetings were held in Second Life. The first 

meeting, which occurred during the first week of the semester, served as an introduction 

to the course and also facilitated identification of technology issues. Two of the most 

common problems were difficulty logging on to Second Life and use of microphones. 

The course instructor and technology assistant worked with participants to resolve these 

issues. By the end of the class, most technology problems were solved.  

The second meeting in Second Life was held in the third week of the semester. 

Class members, working in their teams, made Power Point presentations based on the 

National Standards for science and mathematics. Each group was assigned specific 

standards in both disciplines in order to avoid overlap. Technological issues surfaced 

again. Class members were required to submit Power Point slides in jpeg form several 

days before the class so that the technology assistant would have the slides ready to 

display during the respective presentation sessions. Some members did not comply, so 

issues arose and had to be addressed on the spot. Additionally, a roster of the order of 
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presentation was not made so there was time lag between presentations while members 

decided who would present next. This was another learning experience for the course 

instructor.  

Barriers to Integration 

Comments organized under barriers to integration referred to curriculum and teaching 

methods. 

 Curriculum 

 The most important information surfacing about integration from this session was 

the non-alignment of the state science and mathematics curricula. Teachers saw this as a 

huge barrier to integration efforts. Science teachers complained that they were forced to 

teach the mathematics needed for science lessons because students had not as yet learned 

those concepts and skills in their mathematics classes.  

 Teaching Methods 

Mathematics teachers expressed concern that the science teachers taught 

mathematics concepts differently than they did and this often confused students. For 

example, mathematics teachers focus on concepts and procedures while science teachers 

just teach a rule to facilitate the completion of the science lesson. 

 During week eight of the semester, class members and the course instructor met 

for the third time in Second Life. This session was dedicated to discussion of a month 

long assignment, the Moon journal. For part of the session, the course instructor made a 

presentation on the moon and class members were required to switch screens to view 
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video clips in Blackboard then return to Second Life for further discussions. This posed 

additional problems for participants who were less competent with technology.  

The last two meetings were held during the two final weeks of the semester. In the 

fourth meeting the course instructor discussed final examination requirements and 

schedule, class members discussed their plans for teaching their final integrated lesson, 

and a roster of presentations was planned. Class members were then divided into subject 

specific groups to discuss integration from specific perspectives. Those who taught both 

science and mathematics joined the group for the subject they taught most while the 

industrial technology teacher joined the science group.  

The data gleaned from the mathematics teachers‘ discussions supported data 

gathered from previous sources and pertained to barriers of integration. Comments were 

organized under two sub themes, teachers and administrative issue. 

 Teachers 

Mathematics teachers viewed integration as difficult because they were not 

familiar with the content and processes of science.  

 Administrative issue  

Scheduling was also reiterated as a barrier to integration because in most of the 

schools represented, mathematics teachers did not have common planning periods to 

facilitate integration efforts.  
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 Curriculum 

The strict curriculum timelines specified by various school districts continued to 

be regarded as a barrier because flexibility to deviate from the structured lessons in 

specific disciplines did not exist. Additionally, the non alignment of state science and 

mathematics curricula was mentioned as a major barrier to integration and collaboration 

with science teachers was deemed necessary for the success of integration efforts.  

The science teachers corroborated concerns about scheduling and district 

curriculum timelines expressed by their mathematics counterparts. However, they were 

more confident about their abilities to integrate mathematics into their science lessons. 

They admitted that they were often forced to teach the mathematics need for science and 

generally just did what was necessary, not focusing on conceptual understanding.  

Benefits of integration were only mentioned by science teachers and were divided 

into two groups. 

Benefits of Integration 

 Content and pedagogy 

The general consensus of the science teachers was that they gained valuable 

insights from this course to help them teach mathematics along with science, not just as a 

tool for science.  

 Collaboration  

Science teachers also recognized the importance of collaborating with 

mathematics teachers to facilitate integrated teaching of the subjects. 
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The final meeting in Second Life was dedicated to presentation of plans for the 

final integrated lesson, or in cases where the lesson was already taught, for a brief 

overview. Presentations flowed smoothly, attesting to improved competence with 

technology. Prior to the class meeting, members were informed of specific amounts of 

time allocated for their presentations. Pairs and individuals were given 10 minutes and 

groups of 3 were allowed 15 minutes. Generally, teams adhered to the given time frames. 

Generally, the participants spoke confidently and fluently as they informed their peers 

and the course instructor about their final integrated lesson. The overall picture painted 

was that of successful lessons with optimal student participation and enjoyment. The only 

barrier, mentioned by three participants, was that of time to complete the planned lesson. 

VIDEOTAPES OF FINAL INTEGRATED LESSON-AN OVERVIEW 

 All but one of the final lessons taught were inquiry based. Some lessons 

incorporated science and mathematics content, some used mathematics as a tool, and 

some used science as a process. All lessons were placed in three groups within the 

Lonning and DeFranco (1997) continuum – no lesson was placed in the groups at the 

extreme ends, Independent Mathematics, and Independent Science. The only lesson 

which was not inquiry based used data from a science source to create spread sheets and 

compute statistics. All the inquiry lessons showed students engaged in discussion, 

moving around for different activities, using tools (e.g. meter sticks, stop watches, and 

calculators) and manipulatives (e.g. snap cubes). Most of the teachers appeared confident 

and relaxed while some were very enthusiastic about their lessons. 
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For some lessons, part of the time was spent in the regular classroom then 

students moved to a location outside the classroom such as the hallway or the computer 

lab to complete activities.  In some classrooms students were seated at individual desks 

arranged in rows, while in others they were seated in groups around tables. Some lessons 

required students to work in groups and the teacher stressed cooperative learning by 

asking that in each group, each participant assume a specific role. The only lesson in 

which students worked individually was the non inquiry lesson. Students were in control 

of activities for some parts of the lessons. In most lessons students displayed interest, 

excitement, and enjoyment. 

8. Written reflections of final integrated lesson 

 

 This assignment was submitted by 18 participants. An overwhelming majority of 

the participants‘ comments addressed benefits of integration. 

Benefits of Integration 

 Most comments categorized as benefits referred to students, while a few referred 

to teachers. Comments about benefits for students as well as teachers were organized into 

subgroups.  

 Students 

  (a) Student achievement  

 General as well as specific statements attested to student achievement. Comments 

that were general in nature included, ―students learned how to manipulate a large amount 

of data in a brief amount of time‖ (S2MSc), and ―most of the students did a great job of 
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putting in the data, creating the spreadsheet, and understanding the relationships of the 

data‖ (S4M). Specific learning was identified in comments such as, ―from their 

calculations, they were able to determine if mass affects speed and why‖ (S14M) and 

―the students did learn, based on their work [,] that the electromagnets can be 

strengthened by increasing the coils of wires wrapped around the nail‖ (S10MSc). 

Important benefits for students, related to integration of science and mathematics, were 

mentioned three times. Included among these was, ―The lab created a stronger connection 

for students between science and math, since they were able to see how math and science 

work hand in hand‖ (S17M). 

(b) Enjoyment 

 Student enjoyment was indicated by comments including, ―the students loved 

watching the topographical map ‗come to life‘ from a flat image to an actual model, 

where they could see the entire side of the volcano which blew off during the lateral 

blast‖ (S19Sc), and ―My students love the trial part of the activity (rolling matchbox cars 

down ramps and measuring distances and times) and don‘t even realize how much they 

are learning‖ (S21Sc).  

 Teachers 

(a) Enjoyment 

 Teacher enjoyment was evident in several comments. Statements such as, ―I was 

delighted to see they were accessing their prior knowledge concerning the properties of 

water‖ and  
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 I loved the fact that my students were not working on mean, median, mode and 

 range on a set of data that I provided for them, but it was raw and personal data 

 that they discovered through their exploration and experimentation (S17M)  

 

illustrated that participants were enthused and gained satisfaction because of their 

students‘ involvement in integrated lessons. 

(b) Personal and professional growth  

  Two interesting comments by one participant identified personal and professional 

growth. In addition to enjoyment, the comment, ―I have really enjoyed working with the 

kids and getting to do more of the hands-on activities, I don‘t usually get to do these sorts 

of things in math‖ (S14M) illuminated this participant‘s candid acknowledgement that 

teacher learning occurred as a result of teaching the integrated lesson. This observation 

was strengthened by the admission, ―with each lesson that we teach that has science 

concepts, I learn more and more about the subject and about how math is crucial to 

science‖ (S14M). 

Barriers to Integration 

 The few comments grouped under barriers to integration referred to time. All 

participants who made these comments planned inquiry lessons which required more 

time than anticipated. Therefore, time as mentioned in these comments, was not really a 

barrier to integration, but a result of lack of experience with inquiry lessons. 

SUMMARY OF DATA FROM OTHER SOURCES 

Data from the additional sources revealed that participants gradually became more 

comfortable with integration. Increasingly more benefits were identified from integrated 

lessons and barriers were reduced. Constant comparison of data from various sources, 
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outlined earlier, strengthened the themes identified. Data gathered from videotapes, 

triangulated through debriefing with course instructor and examination of evidence 

provided by students‘ work (submitted by participants), revealed consistency of 

information. 

INTERVIEWS 

In depth interviews were conducted with six participants, two per subject area or 

combination of subjects taught, to further probe changes in their perceptions of 

integration. The interviewees taught different grade levels (5-8), different subjects 

(science, mathematics, or both science and mathematics), had different amounts of 

teaching experience (4-25 years), and were drawn from different parts of the state. Both 

science teachers taught grade 8, both mathematics teachers taught grade 7, while one 

science and mathematics teacher taught grades 6-7 and one taught grade 5. 

As stated earlier, interviews were combined with participants‘ individual oral 

presentations at the end of the semester. A semi-structured interview protocol containing 

the following questions was used as a guide for the interview: 

1. How has your perception of integration of science and mathematics teaching 

changed by taking this course? 

2. Describe your collaboration efforts with your partner(s). 

3. In what ways has collaborating with a colleague affected your practice of 

integration? 

4. What challenges did you face to implement integration this semester? How 

did you overcome these challenges? 
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5. How has integrated practice in your classroom during this semester helped 

you and your students? 

6. What future plans do you have concerning integrated science and mathematics 

teaching? 

If, during the course of the presentation, answers were provided for one or more of the 

questions, such questions were not asked at the end. The course instructor was free to ask 

other questions which she thought were relevant. Only answers to questions on the 

protocol were used as data. 

A description of each interviewee has been provided to establish a framework for 

the interview data and set the foundation for transferability. The definition of integration 

given by each interviewee is included in the description. 

Interviewee 1: S8Sc is a male teacher, in his third year of teaching, who taught eighth 

grade science during the course of this study.  He was traditionally certified to teach 

middle school science and mathematics and was introduced to the integrated approach of 

teaching science and mathematics during his teacher preparation program.  However, he 

did not practice integrated teaching prior to this graduate course.  He has taught only 

science and perceived himself as a science teacher.  During the interview he sounded was 

very relaxed and confident. His speech was very fluent and he answered questions 

thoughtfully but without much hesitation. This participant expressed the opinion that 

existing definitions of integration are ―pretty in line‖ although minor differences exist, 

based on individual authors‘ perspectives. He summarized definitions of integration as 

―the idea of teaching one subject to enhance the understanding of another‖ (S8Sc).  
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Interviewee 2: S19Sc, like S8Sc, was also an eighth grade science teacher. However, she 

was in her ninth year of teaching in a school district several hundred miles away from 

S8Sc. During the interview, S19Sc was very impersonal, fairly nervous, and not very 

reflective. Although her tone was somewhat stilted, her answers were coherent. She 

elaborated on answers to some interview items but gave very short responses to others. It 

was evident that many of her answers were taken directly from course materials. S19Sc 

described integration as ―the blending of two or more ideas‖ and stated that integration of 

science and mathematics can be accomplished quite easily where ―big ideas and common 

themes‖ of both disciplines overlap.  

Interviewee 3: S14M was an alternatively certified, seventh grade special education 

teacher. She had 11 years of teaching experience and was responsible for teaching 

mathematics. She prefaced the interview by stating that she was nervous. She was slow in 

responding to questions but most of her responses were articulate. Her personal definition 

of integration was ―how the lessons and subjects fit together‖.  

Interviewee 4: S17M was a seventh grade mathematics teacher, in his fourth year of 

teaching, certified through a traditional program. His speech was very fluent and he was 

very engaging throughout the interview. He answered questions confidently and 

elaborated on answers quite easily. His definition of integration was ―making connections 

between disciplines and contents‖.  

Interviewee 5: S2MSc was traditionally certified, with 16 years of teaching experience. 

She taught both science and mathematics to sixth and seventh grade students. She spoke 

fairly fluently, in a well modulated voice and her answers were clear and concise. She 
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chose excerpts from two sources, Berlin and White (1999) and Vasquez-Mireles and 

West (2007) to support her definition of integration which she stated as, ―the teaching of 

mathematics and science together.‖ 

Interviewee 6: S6MSc was a traditionally certified, fifth grade science and mathematics 

teacher, with 25 years of teaching experience. Her tone was very dreary, her presentation 

was unenthusiastic, and her responses to questions lacked precision. Her definition of 

integration, ―the taking of two concepts and blending them so they appear to be one 

class‖, illustrated the lack of precision of her answers.  

INTERVIEW DATA 

 In order to present a holistic picture of individual interviewees‘ reported 

perceptions of integration, succinct accounts of responses to each interview item have 

been provided, followed by a brief summary. Comparisons of the two participants 

interviewed for each subject follow the presentation of interview responses. 

Responses from Interviewee 1: 

Question 1: In response to the first interview item, the participant described changes in 

his perception of integration as ―my [current] lessons have been more geared towards 

finding and emphasizing the mathematics involved with each. I ask myself ‗where is the 

math, how can I pull more math out of it?‘‖ He also explained that his lesson plans were 

now ―much more involved and time consuming.‖ S8Sc claimed that as he planned 

lessons, he constantly assumed the role of students and asked, as they would, ―why is this 

important?‖ He then tries to incorporate materials and activities in his lessons so that, 

through participating in the activities and using the materials, the importance of what they 
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were learning would become evident to his students. This participant also claimed that 

after teaching each lesson he would now reflect on it ―to a deeper degree than ever 

before.‖ He concluded that he has now become aware of not only ―how important 

integration can be, but that it can make a difference‖ to teachers, students, and the 

teaching and learning of science and mathematics. 

Question 2: S8Sc stated that collaboration with his partners was difficult because they 

taught different grade levels and both of his partners were at a different campus. Thus, 

collaboration among them was minimal.   

Question 3: The participant claimed that he and his colleagues served as ―sounding 

boards‖ for ideas about concepts in the other discipline (science or mathematics) which 

could be integrated in each others‘ lessons and ―thereby enhanced the quality of 

education in all three of our [class] rooms‖. He extended his response to include 

collaboration with colleagues in his school by emphasizing that ―the way I interact with 

my peers‖ has been influenced. ―I‘m reaching out to other teachers to ask for help, ask 

how I can help them, and where we can all go from here.‖ 

Question 4: The following general answer was given in response to challenges of 

integration faced, ―teachers that are willing to tackle integration find it difficult to get it 

right the first time [a]round‖. The participant expressed the opinion that to not ―get it 

right the first time‖ was not necessarily a problem because time and effort are required to 

do anything that is worthwhile. One challenge which he specifically identified was ―lack 

of cooperation amongst teachers across curriculums‖.  He pointed out that collaboration 

with teachers in the other content area (science or mathematics) was essential for the 
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success of integration, but some content specialists did not share the same views and 

refused to cooperate. 

Question 5: S8Sc claimed that the benefits of his integration efforts were ―nearly 

innumerable‖. Of particular importance was the fact that both he and his students now 

saw ―the seamless nature‖ of science and mathematics. He used the following metaphor 

to describe the relationship between the two subjects, ―math and science are not distant 

cousins, but brothers in arms‖.  According to the participant, integration ―makes things 

more interesting for the students‖. He reported a marked change in his students‘ reaction 

to classroom activities. Instead of asking ―‗why do we have to learn this?‘ [spoken in a 

tired and bored tone], they now ask ‗what are we learning today?‘[ringing with 

enthusiasm and excitement]‖. S8Sc also stated that integration efforts helped develop ―a 

better sense of global awareness‖ for his students by making them cognizant of how 

learning in the classroom ―impacts their [sic] selves, their community, and even the 

world‖. 

Question 6: In response to the final item of the protocol S8Sc emphasized that he would 

strive to enhance his understanding of integration in the classroom, train other teachers to 

integrate, probably write a book about teaching science and mathematics in an integrated 

manner, and finally become a curriculum coordinator for a school district. 

Summary: Interviewee 1appeared very comfortable with integrated instruction in science 

and mathematics. He stated that he was now more aware of the benefits of integrated 

teaching for students as well as teachers. As a result, he constantly sought to incorporate 

more mathematics into his science lessons and perceived collaboration between teachers 
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of both disciplines as critical for the success of integration. He appeared very enthused to 

learn more about integration and to become an advocate of integrated teaching.  

Responses from Interviewee 2: 

Question 1: In response to the first item, this participant stated that she no longer viewed 

time for planning integrated lessons as a barrier to integration. She claimed that she 

learned to manage the additional amount of time required for planning integrated lessons 

by planning in ―manageable steps‖, so the need for a huge block of time for this purpose 

no longer existed.  

Question 2: This participant claimed that a strong collaborative relationship existed 

between her partner and herself. She explained, ―I would go over the main science 

concepts with my partner, conducting a mini-teach of the science portion of the lesson‖ 

and her partner ―expands on the math concepts [needed] to teach the lesson‖. She also 

stressed constant consultation with her partner throughout the semester, not only for 

planning the required lessons, but for other lessons as well. Because they were both at the 

same school, they coordinated meeting times for planning and discussing integration as 

often as possible.  

Question 3: The interviewee claimed that collaboration with her partner made the 

integration efforts possible. Her partner shared ideas about how mathematics could be 

included in the science lessons and generally supported her practice of integration.  

Question 4: S19Sc identified some challenges she faced while trying to implement 

integrated teaching as ―lack of common planning time‖, ―coordinating classes with the 

co-teacher [partner]‖, and ―the pressure to perform in terms of a strict scope and sequence 
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and the TAKS Test.‖ A lack of  ―truly integrated lessons that were put together and 

‗ready to go‘‖ and the ―differing scope and sequence between the math and science 

departments‖ were cited as other major challenges. The participant explained that the 

challenge of common planning time was overcome by each partner giving up a bit of 

personal time and by planning lessons in stages instead of an entire lesson at one sitting.  

The other challenges were skirted but not overcome. 

Question 5: The interviewee claimed that as a result of integration efforts, her teaching 

style has been adjusted to include ―modeling techniques‖ and her ―teaching focus has 

been more on vocabulary acquisition than ever before‖. The following statement, made in 

the presentation, illustrates the magnitude of change this teacher reported: 

I no longer focus on effectively feeding the knowledge to my students but rather 

thoughtful[sic] consider the activities I choose that will allow most students to 

discover things on their own. I am no longer the leader, but rather the facilitator of 

their learning. I have also become more aware about helping my students see or 

discover the natural correlations between math, science, and the other disciplines 

(S19Sc). 

 

Benefits of integration reported for students included academic development and 

confidence in science. S19Sc claimed that students verbally stated they ―much prefer this 

[hands-on activities] over the typical practice worksheet.‖ She opined that they were 

―becoming self-sufficient thinkers and problem solvers‖ and that her integration efforts 

―have led to students who are competent and more confident in their abilities and 

knowledge of science,‖ emphasizing that integration efforts during the semester led to 

benefits in science for students.   

Question 6: S19Sc stated that she planned to continue integrating mathematics into 

science.   
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Summary: Interviewee 2 indicated that she learned much about teaching through the 

integrated lessons. She perceived integration of mathematics into science lessons as 

beneficial for the learning and understanding of science but she did not focus on benefits 

of integration for mathematical learning and understanding. Although she claimed that 

she would continue integrating mathematics into science, she did not appear to be 

passionate about this. My conclusion is that this participant still saw science and 

mathematics as separate disciplines. 

Responses from Interviewee 3: 

Question 1: S14M stated that her perceptions of integration changed because of increased 

conceptual understanding, ―I am more knowledgeable about concepts‖. She stated that 

the online discussions and viewing the videotapes of other participants‘ lessons helped 

refine her perception of integration and claimed she is now more aware of integration 

across all disciplines.  

Question 2: In response to item two, S14M reported much collaboration with her partner. 

Both of them were inclusion teachers (special education teachers who provided support 

for special needs students directly in core content classrooms) so neither had their own 

classroom. As such, they collaborated with other teachers in order to get the necessary 

class time to teach the integrated lessons required for the course. 

Question 3: This participant reported that collaboration with her partner facilitated her 

integration efforts. Through collaboration she learned the science content necessary for 

teaching the integrated lessons. Also, brainstorming sessions with her partner produced 

many ideas for incorporating science into mathematics lessons and vice versa. 
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Question 4: S14M identified several challenges with integration during the semester. Two 

challenges related to her not having her own classroom and students were the resistance 

to change she faced from other teachers whose classes were needed for the integrated 

lessons, and the rigidity of the school‘s curriculum schedule. Both of these issues resulted 

in teachers being unwilling to give up class time for ―teaching of something that was not 

in the curriculum‖. The challenge of not having her own class was surmounted by 

convincing one teacher to let her teach the first and last integrated lessons (which were 

video recorded) to a whole class. For the other three lessons, she and her partner worked 

with small groups of students who were ―pulled out‖ from regular classes. S14M also 

identified her lack of content and pedagogical knowledge in science as a major challenge 

to teaching science and mathematics in an integrated manner. She addressed this issue by 

realizing that she needed to ―learn [the] content then how to teach it‖. Collaboration with 

her partner was also reported as one way of coping with her lack of science content 

knowledge.  

Question 5: The participant reported that integration helped her students and her 

tremendously. She claimed that she learned the importance of being receptive to new 

ideas, to consciously make connections between science and mathematics content, and to 

challenge students. She also stated, ―Through teaching [the integrated lessons] I learned 

the concepts‖. In response to how integration helped her students, S14M replied that her 

special education students were generally ―not interested in school‖ because they ―need 

more stimulation‖, therefore, ―a strong, rich curriculum is needed to interest [these] kids‖. 

She claimed that integrated activities provided during the semester filled the existing gap 
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in the curriculum and stimulated the interest of her special education students and noted 

that the ―hands-on lessons‖ resulted in student engagement and enjoyment. 

Question 6: S14M stated that she intended to become an advocate for integrated science 

and mathematics teaching in her school and claimed she had already discussed benefits of 

integrated teaching with her principal. She emphasized that she would continue 

collaborating with her partner as well as other teachers to plan and teach integrated 

lessons. 

Summary: Interviewee 3 was very candid about her lack of content knowledge in science 

and the challenges she faced in her efforts to teach integrated lessons. She outlined 

personal and professional growth for herself and many benefits for special education 

students as a result of participating in integrated lessons. She appeared determined to 

make integrated teaching of science and mathematics the norm in her school. 

Responses from Interviewee 4: 

Question 1: The participant reported many changes in his perception of integration. 

Included among them were increased confidence, ―I‘m not afraid to work with 

integration and inquiry anymore, because I feel I have a better sense of what it takes to be 

successful‖, change in belief, ―I believe it‘s [integration is] the way to go in teaching 

math and science‖, and conviction that teachers need to ―understand their content in 

greater depth, which will help them to present ideas and concepts in more than one way.‖  

Question 2: S17M stated that he and his team-mate worked in close collaboration over 

the semester. Although they taught different grade levels, they met regularly and planned 
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lessons, taught each other the content of the other discipline, shared fears and concerns, 

and generally supported each other throughout the semester.  

Question 3: The interviewee claimed that his practice has been heavily influenced by 

collaboration with his partner and other colleagues. He emphasized that through working 

with his partner, he became more of a team player and a learner. 

Question 4: The participant identified several challenges which he faced in his attempts 

to implement integrated teaching. Scheduling issues resulted in different planning times 

for science and mathematics teachers; hence coordinating meeting times with his partner 

was difficult. Also, the rigidity of the district timeline did not permit deviation from the 

curriculum, so time for teaching the three given lessons posed a major problem. 

However, S17M stated that these challenges were not insurmountable – they were 

overcome by his willingness to make integration work. Another challenge was his lack of 

content knowledge in science which he overcame by learning the material.  He claimed, 

―integrated lesson[s] have turned me into a learner again‖ and explained ―I had to learn 

the science … in order to teach the lesson correctly and make the proper connections with 

math‖.  

Question 5: S17M identified many benefits which resulted from his integration efforts 

during the semester. He acknowledged pedagogical change, ―instead of always teaching 

directly to my students I‘ve become more of a guide rather that one who has all the 

answers‖, enjoyment because integrated lessons ―makes teaching more enjoyable, for one 

thing I‘m not staring at bored, passive learners,‖ and awareness of equity issues, ―my 

view of what my job is has broadened‖ to include providing for all students the 
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―opportunity to learn equally by being given the same chance for success.‖ Benefits of 

integration reported for students included stimulation of interest, integration ―helps create 

an engaging environment and creates an interest in my students‖, holistic view of science 

and mathematics, ―it allows students to see how well related the two content area[s] are‖ 

and ―it creates an environment based on real life situations‖, as well as independent 

thinking, ―they did learn to become independent thinkers‖, and active learning ―my 

students constantly ask for more hands on activities‖. 

Question 6: This participant indicated he intended to continue integrating science into his 

mathematics lessons and to collaborate with his partner as well as other teachers. His plan 

included creating new integrated lessons to connect the required curriculum topics in 

mathematics with relevant science content and he intended to learn the science content to 

accomplish this. 

Summary: This participant‘s responses detailed much personal and pedagogical growth 

over the course of the semester. He reported, with much confidence, that integrated 

teaching was beneficial for his students as well as himself. He declared willingness to not 

only continue teaching in an integrated manner, but to also develop integrated materials 

and to become an expert in the content of both science and mathematics. 

Responses from Interviewee 5: 

Question 1: Changes in perception mentioned included, ―changing my attitude‖ about 

teaching and what constitutes acceptable student behavior during lessons. She explained 

that because of integration, ―The old way of teaching has become boring‖ to both her 
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students and herself and she realized that, ―It is legitimate for students to be talking and 

moving‖ during lessons. 

Question 2: This participant described collaboration with her partner as, ―It kind of 

evolved. In the end we just got together naturally‖. Sincere appreciation for her partner 

was expressed as follows, ―I am so blessed to have my partner ___ right across the hall 

… we exchange ideas and resources‖. 

Question 3: S2MSc explained that her practice was greatly influenced by collaboration 

with her partner because they team-taught the integrated lessons required for the course. 

The exchange of ideas and resources, along with engagement in frequent discussions of 

integration with her partner helped support her integration efforts. 

Question 4: Although this participant taught both science and mathematics, she claimed 

that the biggest challenge was to become an expert in both subjects. Other challenges 

included, time for consulting with her partner and for planning, the non-alignment of 

mathematics content in the mathematics and science curricula, and pressure from 

colleagues to ―keep the noise down‖. The challenge of becoming more knowledgeable in 

both subjects was overcome by learning the content needed to teach the three given 

lessons. The issue of time was resolved by giving up personal time; while the curricula 

issue was taken care of by reinforcing previously taught concepts from one discipline in 

the other, hence no new content was taught in the two planned lessons. The pressure from 

colleagues remained because of different perceptions of teaching - students passively 

listening and completing worksheets versus students actively engaged in exploration and 

discussion.  
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Question 5: S2MSc claimed that integrated practice helped make her students responsible 

for their learning because it forced her to release control in the classroom. She credited 

integration for changes in her attitude toward teaching. She moved from teacher-centered, 

worksheet-based lessons to student-oriented, active lessons. Integration also provided her 

with motivation ―to do more research‖ in both content areas, and to be more thoughtful 

about lesson preparation. 

In response to benefits for students, the participant reported that integration made 

them become ―independent thinkers‖ and ―active learners,‖ and also gave them ―the 

responsibility for learning‖. Additionally, she claimed that integration provided students 

with opportunities to make ―connections with classroom content and the broader world‖ 

and to enjoy learning. On the title page of her PowerPoint, she included a picture of one 

student with one thumb up and explained this was a symbol of student enjoyment of 

integrated lessons.  

Question 6: This participant‘s future plans for integrated teaching of science and 

mathematics included commitment to a continued search for materials which facilitated 

integrated teaching and the development of integrated units. She also stated that she 

planned to engage in research on integrated teaching. 

Summary: Interviewee 5, like Interviewee 4, also described much pedagogical growth 

over the course of the semester. She admitted lack of content knowledge in both subjects 

but dedicated time to research the necessary materials and learn them before teaching the 

lessons. She enthusiastically reported benefits of integration for students and declared her 
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intention of not only developing integrated course materials, but to also conduct research 

on integrated teaching. 

Responses from Interviewee 6: 

Question 1: S6MSc stated that she never thought about integration of science and 

mathematics before taking the graduate level course. She claimed she was now more 

aware of integration and this awareness changed her views on lesson planning because it 

forced her to plan thoroughly.  

Question 2: This participant addressed collaboration with her partner as follows, ―we tend 

to talk a lot, so planning and discussing doesn‘t seem to be a factor for us‖. She claimed 

they were willing to listen to each other and they worked well as a team. 

Question 3: S6MSc stated that collaboration helped her create lessons which reflected 

integration of science and mathematics. She stated, ―collaborating with a teaching partner 

has somewhat changed how I have previously written and implemented lessons‖. 

Question 4: Challenges of integration mentioned by S6MSc included changes in planning 

for instruction and the method of instruction. The challenge related to method of 

instruction was the difficulty ―to let go some control in the classroom‖.  She reported that 

ideas gleaned from online class discussions, sessions in Second Life, and collaboration 

with her partner helped her plan lessons which reflected a more student-centered 

approach to teaching.  

Question 5: Integration helped the participant focus on making connections between 

science and mathematics to maximize student learning. She claimed, ―[previously] I 

didn‘t hold students responsible for math in science [lessons], but now I make them 
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aware of this‖. Benefits of integration mentioned for students included, it provided them 

with ―a real world feel for math and science‖ and it facilitated presentation of information 

in various contexts, for example, ―one activity can tie concepts in both subjects‖. 

Question 6: S6MSc stated that she intended to continue integrated teaching and would 

strive to create a ―truly blended math and science lesson‖.   

Summary: This participant admitted that prior to taking this course she taught in a very 

traditional manner. Integration presented a major challenge because the mode of teaching 

which she practiced for 25 years did not work for integrated lessons. She reported that 

integrated teaching benefitted her students as well as herself. However, she seemed more 

concerned with planning lessons than teaching. She planned to master integration by 

creating the ideal integrated science and mathematics lesson. 

Comparison of Interviewees 

S8Sc and S19Sc 

 Both of these participants taught grade 8 science. While S8Sc was a novice 

teacher (3 years teaching experience), S19Sc was a veteran (9 years teaching experience). 

Distinct differences in teaching philosophy, confidence with integration, content and 

pedagogical knowledge, and enthusiasm for teaching existed between them. Prior to 

taking the course, S8Sc taught in a reform-oriented manner by incorporating inquiry in 

his lessons. Because he was dual certified to teach science and mathematics he was very 

comfortable with both, so integration of mathematics into science lessons was easy. On 

the other hand, S19Sc was a traditional teacher who was very concerned about the 

unavailability of time to deviate from the set curriculum. She depended heavily on her 
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teaching partner for assistance with planning and learning the content to teach the 

integrated lessons. By the end of the course, S8Sc was very enthused about integration 

and declared he would continue teaching in an integrated manner. I had the distinct 

feeling that S19Sc still perceived science and mathematics as separate subjects but her 

pedagogical knowledge improved. Therefore, although she may continue teaching in a 

discipline specific manner, her science lessons may be more student-centered and the 

learning environment in her classroom would improve.  

S14M and S17M 

 Both of these mathematics teachers taught grade 7 but S14 was a veteran teacher 

with 11 years experience while S17M was a novice teacher with 4 years of experience. 

Like the science teachers, the novice mathematics teacher was more enthusiastic about 

integration and spoke with much confidence. While he admitted lack of science content 

knowledge and experience with integration at the start of the course, he focused on 

increasing his content and pedagogical knowledge to improve his practice. His enjoyment 

of integrated teaching was obvious. However, S14M was bothered by her lack of science 

content and pedagogical knowledge. She depended heavily on her teaching partner but 

claimed that she was determined to make integration work.  

S2MSc and S6MSc 

 Unlike the other two pairs of interviewees, both S2MSc and S6MSc were veteran 

teachers. S2MSc had 16 years of teaching experience, while S6MSc had 25. Although 

these teachers taught both science and mathematics, they were not dual certified. They 

admitted that they never made connections between the subjects in their lessons and 
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taught in a traditional manner prior to the course. Both reported that their pedagogical 

knowledge increased significantly through course materials and activities. Interestingly, 

S2MSc claimed the greatest challenge she faced was to become an expert in both 

subjects. This statement leads to speculation about the quality of instruction she afforded 

her students. S6MSc was more focused on planning than on enacting integrated lessons. 

Overall View 

 Science teachers as well as novice teachers were more enthusiastic about 

integrated teaching of science and mathematics and embraced it as the way to teach 

middle school students. While science teachers displayed some amount of mathematics 

content knowledge, the mathematics teachers did not have the required science 

knowledge to teach integrated lessons. Because of this, science teachers were more 

confident about teaching mathematics in science than mathematics teachers were about 

teaching science in mathematics. However, veteran teachers as well as mathematics 

teachers accepted the challenge to learn the content and change their traditional pedagogy 

to facilitate integrated teaching. 

 Interestingly, the teachers who taught both science and mathematics reported lack 

of content and pedagogical knowledge to teach both disciplines. This was surprising 

because one would have expected that since they taught both subjects they would have at 

least the necessary content knowledge and would see the natural connections between 

both disciplines. This finding opens the door for investigation of the effects of 

certification type on the teaching of science and mathematics.  
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 Additionally, all interviewees expressed an increased awareness of pedagogical 

issues. Some recognized that there were other ways of teaching lessons, while others 

realized that they need to change their role from that of manager to facilitator. In order to 

best meet students‘ needs, pedagogical issues should be addressed at all phases on one‘s 

teaching career. 

SUMMARY OF INTERVIEW DATA 

Data obtained from the interviews corroborated data from other sources and 

highlighted how experience with integration over the semester affected specific 

participants‘ perceptions of integration. In addition, two other topics, equity and the 

nature of middle school students, were addressed by participants‘ in their PowerPoint 

presentations. These topics were not mentioned in data from other sources but they are 

included here because they play an important role in middle school education.  

Equity 

Integrated teaching was identified by all interviewees as a way of addressing 

equity in the classroom. One interviewee claimed, ―Treating and teaching my students 

exactly the same is not true equity‖ (S17M). He explained that through the use of 

―activities that apply to daily life situations, activities that involve manipulatives to make 

problems concrete…activities that make connections between disciplines‖ (S17M), all of 

which are included in integrated lessons, teachers can cater to their ―diverse 

classroom[s]‖. Other interviewees opined that integration catered to all learners because it 

forced connection of concepts and skills from science and mathematics thus reinforcing 

what was taught in both disciplines. This connection of concepts across disciplines was 
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viewed as helpful to special education students because it facilitated presentation of 

information in different ways. Hands-on activities, a feature of most of the enacted 

integrated lessons, were identified as especially engaging for special education students, 

while ―for gifted students, activities that are inquiry based are potentially the best 

options‖ (S8Sc). 

Nature of Middle School Students 

 

Integration was also credited with catering to the natural tendencies of middle 

school students. According to S17M, ―middle level learns [sic] are at the age where they 

can‘t sit still and their attention span last[s] only a few minutes.‖ The integrated lessons 

generally included a variety of activities, some of which permitted students to move 

around the classroom and, in some cases, to other locations outside of the classroom, thus 

the learners were kept engaged and active. Also, the opportunities for group work and 

discussions provided by the integrated lessons catered to the highly social nature of 

middle school students (S6MSc). 

SUMMARY OF DATA PRESENTATION AND ANALYSIS 

Copious data was gathered from various sources within the scope of the online 

graduate level education course. Data sources included participants‘ written accounts of 

their initial perceptions of integrated teaching of science and mathematics and online 

discussions of the same, videotapes and written reflections of two planned and taught 

integrated lessons, online discussions of the first integrated lesson, online discussions of 

various articles read, class meetings in Second Life, and interviews and PowerPoint 
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presentations. Data collection methods included use of videotapes and audio tapes. 

Although the data sources were many and the methods of data collection varied, they 

allowed for constant comparison of data and also facilitated triangulation. The abundance 

of data permitted in depth exploration of participants‘ perceptions of integrated teaching 

of science and mathematics in middle school classrooms and provided answers to the 

research questions.  

Three research questions, ―What perceptions do inservice middle school teachers 

have about using an integrated approach to teach science and mathematics in the middle 

school?‖, ―How do middle school teachers‘ perceptions of using an integrated approach 

to teach science and mathematics change as the engage in an online education course 

focusing on such integration?‖, and ―What changes in practice do inservice teachers 

report as a result of collaboration with science and mathematics team mate(s) while 

participating in an online course focused on integrative practices?‖, guided this 

qualitative study. Data gathered from each of three sources within the first four weeks of 

the semester were examined and organized into categories. Categories were then 

compared across sources and themes were identified. These themes formed a foundation 

for the examination of data from other sources. Other themes emerged from additional 

data sources and were retained to expand on answers to the three research questions. 

The data from different sources provided insights into participants‘ perceptions of 

integration throughout the semester as they engaged in integrated teaching and course 

activities such as reading related literature, observing videotapes of themselves as well as 

their colleagues teaching the first integrated lesson, and engaging in online discussions 
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with peers. Gradual changes in perceptions were evident as participants experienced 

integrated teaching and collaborated with their partners. The online learning community 

also influenced changes in perceptions because it provided a non-threatening 

environment for participants to share success stories as well as frustration and difficulties. 

Participants empathized with each other and exchanged ideas about how to overcome the 

challenges of integration.  

The plethora of data examined provided copious information which the researcher 

used to answer the research questions. In addition, other interesting information which 

surfaced during the data analysis shed further light on participants‘ perceptions as they 

engaged in the practice of integrated science and mathematics teaching throughout the 

course.  
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

SUMMARY 

Although, as Czerniac et al. (1997) posited, ―The idea of connecting subject areas 

has considerable face validity, because it seems like common sense‖ (p. 1), and over the 

past two decades many national educational organizations endorsed integrated teaching, 

literature attesting to the practice of integrated teaching of science and mathematics in 

schools is very limited. This scarcity of relevant literature suggests a corresponding lack 

of integrated teaching of these disciplines in schools. In an effort to shed light on reasons 

for the paucity of integrated teaching, this study examined inservice middle school 

teachers‘ perceptions of integration as they engaged in an online graduate education 

course which focused on integrated teaching of science and mathematics. Data collected 

from various sources and assignments within the graduate course provided answers to the 

three research questions which guided this study. The summary of answers to each 

research question is presented individually. 

Research Question 1 

What perceptions do inservice middle school teachers have about using an integrated 

approach to teach science and mathematics in middle school? 

 Results of the study showed that at the beginning of the online course, the 

participants‘ general perception of integrated teaching of science and mathematics was 

that it was difficult to establish in schools. Specific perceptions identified were grouped 

into two main categories, barriers to integration and benefits of integration. Perceptions 
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considered as barriers to integration included the view that integrated teaching requires 

much time, standardized state testing and strict district curriculum guidelines do not 

support integrated teaching, non-alignment of topics in state science and mathematics 

curricula does not facilitate integration, lack of teacher content and pedagogical 

knowledge would hinder integration efforts, lack of experience with integration would 

make integration difficult, students‘ attitudes to mathematics would pose challenges to 

integrated teaching, and experienced teachers‘ negative attitudes toward new ideas would 

thwart integration efforts. Perceptions that were considered as benefits of integration 

included the belief that integration would enhance student learning, motivate students to 

learn science or mathematics, provide opportunities for students to make connections 

between classroom activities and the real world, foster better relationships between 

teachers of different subjects, and help teachers improve their practice by holding them 

accountable for creating learning environments of higher quality. 

Defining Integration 

 At the beginning of the semester, some participants were unsure about the 

meaning of integration while several perceived integration of science and mathematics as 

synonymous with inquiry and hands-on activities. Lack of understanding of the meaning 

of integration is evident in the statement, ―we are forced to follow such strict guidelines 

due to the TAKS test and scores that we do not have the opportunity to teach something 

that is not ‗tested‘‖ (S22M) where the participant perceived integration as an extra topic 

which would not be tested on the state‘s standardized test. The perception that integration 

is synonymous with inquiry and hands-on activities was confirmed by videotapes of the 
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first planned and taught integrated lesson which showed all but one participant enacting 

inquiry lessons. 

Experience with Integration 

The lack of experience with integration reported by all participants of this study 

can be considered as reflective of the lack of integrated teaching of science and 

mathematics at the middle level statewide because the participants were drawn from 

different schools and school districts across the state. This result aligns well with the 

limited amount of available literature on integrated science and mathematics practice in 

schools and is indicative of limited integrated teaching of these disciplines nationwide. In 

light of the endorsement of integrated science and mathematics teaching by both the 

NCTM and the NRC more than a decade ago, the continued lack of integrated teaching is 

very disconcerting.  

National Standards 

Another distressing revelation was that several participants mentioned in online 

discussions that they had never seen the national standards for either discipline before 

taking the online course. This acknowledgement places teacher education programs, as 

well as professional development courses for inservice teachers, in the spotlight and 

highlights deficiencies in mathematics and science methods courses. Schmidt et al. 

(1997) pointed out that reform efforts in science and mathematics offer ―powerful 

visions‖ (p. 121) which should guide the education of United States children. It therefore 

follows that it is the responsibility of teacher education programs to prepare preservice 

teachers to teach the nation‘s children based on the guidelines of national programs.  
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Reform Teaching by Reforming Methods Courses 

Reform teaching emphasizes instruction in which students actively participate in 

their own learning in order to develop complex cognitive skills (Le, 2006).  If science and 

mathematics methods courses fail to address reform efforts and current trends in 

education outlined in national standards, then the chances of inservice teachers learning 

about these efforts in a timely manner would be almost nonexistent because, as Schmidt 

et al. (1997) emphasized, ―these visions take time to reach local classrooms‖ (p. 121). It 

is therefore critical that teacher education programs and professional development 

courses for inservice middle school science and mathematics teachers incorporate the 

guidelines set forth in the national standards of both disciplines as the central focus of 

teacher preparation and ongoing education. Constant adjustment of such programs will be 

required to keep up with changes. 

Content and Pedagogy 

According to Flores, Knaupp, Middleton, & Staley (2002), in order to attain the 

vision of science and mathematics teaching outlined in the national standards, content 

and pedagogical knowledge are equally important. Teachers‘ lack of content and 

pedagogical knowledge necessary to teach both disciplines limits integration efforts in 

schools. The lone dual certified participant in this study highlighted the importance of 

being competent in both disciplines. This individual stated that certification to teach both 

science and mathematics was instrumental to successful enactment of integrated lessons 

in his science classroom because he understood the required mathematics. In response to 

a direct question by the interviewer, he stated,  
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 sometimes they [students] come up with questions that are relevant and 

 important but are 100% math based…I end up talking about that and I can  explain  

it right in class…I don‘t have to tell them ‗Oh, go ask the math teacher about that 

later‘ (S8Sc).  

 

In order for integrated science and mathematics teaching in middle schools to become a 

preferred method of teaching, both inservice and preservice teachers must learn the 

content and pedagogy of at least the overlap of both disciplines. Overlap includes 

vocabulary such as the use of variable in both disciplines, basic concepts such as balance 

and equilibrium, and processes which are similar in both subjects, such as problem 

solving in mathematics and the scientific process in science.  

Integrated Methods Courses  

The current general practice in teacher education programs and professional 

development workshops is to offer courses which enhance discipline specific teaching of 

science and mathematics. To facilitate the transition from a single-discipline approach to 

integrated teaching of science and mathematics, teachers need professional development 

courses in which ―preexisting knowledge and beliefs about teaching, learning, learners, 

and subject matter‖ (Davis, 2002, p. 6) are addressed. Davis also emphasized the 

importance of learning content and pedagogy ―through engagement in learning activity 

that ‗mirrors‘ the kind of experiences that reformers hope teachers would provide their 

students‖ (p. 6). In mathematics, reform teaching ―may emphasize the use of 

manipulative aids, problem-solving, and mathematical communication‖ (Le, 2006, p. 1), 

while in science, expectations for students may include generation of scientific questions, 

planning of research, collection of data, analysis of relationships, and writing reports. 

Advocates of science and mathematics integration, Berlin and White (2010), 



Texas Tech University, Bibi Ganesh, May 2010 

 155 

reemphasized the need for change in teacher preparation so that teachers will be equipped 

to facilitate ―an integrated teaching and learning environment‖ (p. 99). The onus is placed 

on teacher education courses to not only address integrated teaching of science and 

mathematics, but to also model integrated teaching.  

Benefits of Integration 

 Benefits of integration were organized in two groups, benefits for students and 

benefits for teachers. 

 Students 

Perceived benefits of integration included the view that it is a way of enhancing 

student engagement in science and mathematics. This suggests that, when taught as 

separate subjects, science and mathematics do not hold students‘ interest. However, the 

method of teaching utilized in science and mathematics classes prior to the course may be 

responsible for lack of student engagement because participants admitted to ―feeding 

information‖ to students and of always being ―the leader‖ in the classroom.  

 Teachers 

Perceived benefits of integrated teaching of science and mathematics for teachers 

included the opportunity to create stimulating learning environments and to develop 

collaborative relationships with colleagues. Both of these perceived benefits for teachers 

should be features of any teaching/learning environment, so the fact that they were 

identified as benefits of integration suggests that instructional methods and teacher 

relationships in schools are not in line with reform teaching and the middle school 

concept.  
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Flores et al. (2002) emphasized the need for teacher preparation programs to 

provide ―a model for preparing middle school teachers in a way that is consistent with the 

middle school concept‖ (p. 32) and explained that ―the primary focus of middle school is 

to meet the needs of adolescents.‖ Anfara, Andrews, and Mertens (2005), identified 

interdisciplinary teams, cooperative learning, integrated curriculum, and hands-on 

learning as ―some of the most common elements or practices associated with the middle 

school concept‖ (p. 283). The recommendations made by Flores et al. to meet the needs 

of middle school students included collaboration with colleagues for planning and 

teaching and the use of ―interdisciplinary thematic curriculum units‖ (p. 32), or in other 

words, integrated teaching. The National Middle School Association (NMSA, 2003) 

endorsed integrated teaching by stating, ―Middle schools must provide 

experiences…specifically designed to be integrative‖ (p. 22). In addition, this 

organization acknowledged that for middle school students to be successful, ―curriculum, 

pedagogy, and programs must be based upon the developmental readiness, needs, and 

interests of young adolescents‖ (NMSA, 2003, p.1).  

Research Question 2 

How do inservice middle school teachers‘ perceptions of using an integrated approach to 

teaching science and mathematics in middle school change as they engage in an online 

education course focusing on such integration? 

Changes in Perceptions 

As the course progressed, participants‘ perceptions changed in salient ways. 

Initially, participants identified more barriers than benefits of integration and notable 
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among those barriers was negative attitudes of students toward doing mathematics 

outside of scheduled mathematics classes. After planning and teaching the first integrated 

lesson, the benefits of integration identified in participants‘ written reflections far 

outweighed the barriers. This suggests that, prior to teaching an integrated lesson, the 

participants were fearful of integration because of preconceived ideas and lack of 

experience. The deliberate attempts by most participants to make connections between 

science and mathematics and to use knowledge and/or skills from one discipline to 

reinforce concepts in the other were beneficial for students. Marked changes in 

perceptions regarding student attitudes was noted as other integrated lessons were taught. 

The integrated lessons ―forced‖ students to revisit concepts they learned in one or both 

subjects and to use those concepts in different contexts. Participants expressed 

amazement at the high level of student engagement in the integrated lessons.  

Affective Changes 

Changes in participants‘ attitude about teaching also occurred as the course 

progressed. They expressed enjoyment of the integrated lessons and renewed enthusiasm 

for teaching. One amazing comment, ―The old way of teaching has become boring‖, is 

indicative of the impact of integrated teaching on participants‘ attitude to teaching. 

Another claim was that because of integrated teaching, teachers no longer had to look at 

bored students. Teachers and students were actively involved in the lessons and in some 

cases, teachers learned along with the students. This finding illustrates that integrated 

teaching is an appropriate way of realizing the NMSA‘s (2003) inherent belief that 
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―Successful middle schools are characterized by the active engagement of students and 

teachers‖ (p. 15).   

Pedagogical Changes 

After teaching the first integrated lesson, participants perceived integration as a 

means of providing experiences with concrete materials and hands-on activities and also 

for keeping middle school students engaged. This implied that concrete materials and 

hands-on activities were not common features of regularly taught lessons, especially in 

mathematics. This was another indicator that traditional pedagogy was firmly entrenched 

in classrooms and that reform efforts did not reach many local middle schools. The view 

obtained by looking through the lenses of participants‘ reflections was that of classrooms 

in which traditional pedagogy dominated, students were bored, and teachers were 

unenthusiastic. To alleviate this problem, preservice teachers must be provided 

experiences with manipulatives and hands-on activities in their content as well as 

methodology courses and inservice teachers must receive such experiences through 

professional development courses. However, care must be taken to provide teachers with 

knowledge of different pedagogies and a repertoire of teaching strategies to facilitate 

selection of an appropriate pedagogy and strategy for each lesson. Hoff (2003) reported 

that Weiss, the lead researcher in a study which analyzed more than 300 science and 

mathematics lessons, cautioned that ―We do our kids a disservice by choosing one 

pedagogy and using it all the time‖ (p. 8).   
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Classroom Structure and Management 

Another change in participants‘ perspectives of integrated science and 

mathematics teaching was an acknowledgement of its potential to meet the needs of 

middle school students. Participants admitted that, because of the experience gained 

through enacting integrated lessons, their awareness of what constitutes acceptable 

learning behaviors for middle level students has been heightened. It was also noted that 

the variety of activities, social exchange, and movement included in enacted integrated 

lessons kept students engaged and excited about learning. Participants were now 

comfortable with relinquishing some control and allowing students take charge of some 

aspects of lessons. They now became facilitators of learning instead of distributors of 

knowledge.  

Becoming a Reflective Teacher 

Other changes in perceptions of integration evident from written reflections of the 

first lesson included issues related to the teacher as a person. Although some of the 

statements directed at the teachers‘ professional self were critical, the tone was generally 

very encouraging. Some participants identified problems but included suggestions for 

solutions to the problems and also for improvement of their integrated lessons. For 

example, ―In the future we can incorporate more math into the lesson‖ (S14M), indicated 

that the participants in this team were aware of the limited amount of mathematics taught 

in their ―integrated‖ lesson and recognized that they could improve on this by 

intentionally trying to balance the content of both subjects. The changes in perception 

reported through reflecting on the lesson attested to the power of reflection in teaching. 

This finding is supported by Lowery (2003) who stated that ―Reflective teaching has the 
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potential to directly impact instruction and student achievement‖ (p. 29) and advocated 

that novice teachers should be afforded opportunities to engage in reflection during 

preservice experience while expert teachers should be encouraged to share reflections 

with colleagues. 

Other changes occurred in teachers‘ perceptions as they reacted to assigned 

readings on integrated teaching. They identified with participants of a study reported in 

one of the articles and realized that other teachers who engaged in integrated teaching 

experienced the same difficulties, frustrations, and also feelings of satisfaction and 

enthusiasm when success was achieved. This gave them some amount of comfort and 

encouragement which resulted in a perception change - instead of viewing integrated 

teaching as difficult, their focus shifted to devising ways of overcoming perceived 

difficulties.   

Another perception shift involving reflection, credited reading of course materials 

with change in awareness of equity in the classroom. The following statement made by 

one participant in his Power Point presentation at the end of the course, highlights 

significant transformation of perception after reading equity related articles: 

Because I have now studied equity [,] my view of what my job is has broaden 

[sic]. I realize that my job isn‘t to know my content well and to teach all concepts 

that should be covered in 7
th

 grade math [,] but my job is to make sure that all my 

students [,] despite differences in their learning styles or backgrounds or label [,] 

have the opportunity to learn math equally by being given the same chance for 

success. And to create that equal opportunity in my classroom I must use 

activities and strategies that will meet students‘ learning needs (S17M). 

 

This change reflects one of the six principles for school mathematics outlined by NCTM 

(2000), the equity principle, which states: 
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All students, regardless of their personal characteristics, backgrounds, or physical 

challenges, must have opportunities to study – and support to learn – 

mathematics. Equity does not mean that every student should receive identical 

instruction; instead it demands that reasonable and appropriate accommodations 

be made as needed to promote access and attainment for all students. (NCTM, 

2000, p. 11) 

 

Online Professional Learning Communities 

The online discussions also helped some participants reshape their perceptions of 

integration. As they engaged in ―conversations‖, participants shared ideas, successes, and 

suggestions for dealing with difficulties related to integration and they constantly thanked 

each other for helping them realize the benefits of teaching science and mathematics in an 

integrated manner. The online learning environment fostered a close professional 

relationship among this group of teachers of different disciplines, different age groups, 

different amounts of teaching experience, and different personalities. Time for meeting 

was not a constraint because participants read and responded to each other‘s comments at 

their own convenience. Forming online professional learning communities may be one 

way of fostering communication among teachers of different disciplines. 

Benefits of Videotaping Lessons 

 Change in participants‘ perceptions of integration was affected by another 

component of the course, watching videotapes of group members‘ first integrated lessons 

and commenting on them. Many participants reported that this was a very enlightening 

experience. Watching their own videotapes provided them with an opportunity to see 

themselves in action in the classroom and made them aware of the strengths and 

weaknesses of their practice. Group members viewed each lesson through different lenses 

shaped by each individual‘s personal perspectives of teaching, thus comments gave each 
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participant rich and varied feedback about their practice. Participants reported that 

watching the videotapes of peers‘ lessons was a valuable way of comparing their practice 

of integration with those of teachers in different parts of the state. In addition to 

observing integrated teaching in action, participants identified different teaching 

strategies, learning activities, and classroom management tips which they deemed worthy 

of adopting to improve their practice. The videotapes reinforced the benefits of integrated 

teaching and helped inspire participants to continue with integration efforts.  

As participants engaged in integrated teaching of science and mathematics their 

initial fears and were replaced with appreciation of the many benefits this manner of 

teaching afforded them as persons and as professionals. Changes in attitude, pedagogy, 

content knowledge, and collaboration with colleagues led to student enjoyment as well as 

teacher enthusiasm and enjoyment of lessons.  

Barriers to Integration 

Contrary to data gathered from the first two sources at the beginning of the 

semester (participants‘ written account of their perceptions of integration and subsequent 

online discussion of the same), the only barrier to integration mentioned in the first lesson 

reflections was that of time. However, the way it was mentioned suggested that, as a 

result of experience gained from teaching the lesson, participants would consider time 

realistically when planning future integrated lessons.  As the other integrated lessons 

were taught, benefits of integration were mentioned more often than barriers. This 

suggested that as participants gained more experience with integrated teaching their 

confidence increased and perceptions changed. However, for the Pendulum lesson, 
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although comments about benefits of integration were more prevalent than comments 

about barriers, the number of comments about barriers increased and the focus switched 

to content and pedagogical issues. This result indicated that when teachers do not possess 

the content and pedagogical knowledge needed to teach integrated lessons, they perceive 

that lack of knowledge as a barrier to integration.  

Research Question 3 

What changes in practice do inservice teachers report as a result of collaboration with 

science or mathematics teammate(s) while participating in an online course focused on 

integrative practice?  

 While collaboration with colleagues is an important component of successful 

teaching environments, Flores et al. (2002) identified collaboration for planning and 

teaching as an essential part of integration efforts. Thus, the importance of collaboration 

in this study needed to be explored. Collaboration with at least one partner in the other 

discipline (science or mathematics) is a requirement of the (MS)
2
 program, however, the 

extent of collaborative efforts was not detailed. For the course on which this study 

focused, team mates were encouraged to plan integrated lessons collaboratively so that 

each person would share their expertise with their partner(s) thus reducing the time for 

each person to learn the content and pedagogy of the other discipline needed for teaching 

each lesson. Data revealed that collaboration efforts ranged from very minimal to very 

extensive. While some partners met constantly and functioned as a team, others barely 

communicated with each other and generally worked individually. The more experienced 

teachers (with more than 10 years teaching experience) reported that they received much 
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help from their less experienced partners. This finding is significant because, as stated 

previously, less experienced teachers reported that veteran teachers‘ general resistance to 

change would be a barrier to integration. Contrary to that perception, this result shows 

that veteran teachers can learn from less experienced teachers if they are afforded 

opportunities to do so.  

Benefits of Teams/Pairs 

Participants saw collaboration with science or mathematics team mate(s) as 

instrumental in overcoming perceived barriers to integration. Acknowledgement of the 

benefits of working with team mate(s) surfaced in written reflections on the first 

integrated lesson and continued throughout the course. The perception of integration as 

difficult for either science or mathematics teachers because of the lack of content and 

pedagogical knowledge of the other discipline was revised after participants engaged in 

collaboration with team mate(s). Reports of learning the content and pedagogy of the 

other discipline (science or mathematics) required for particular lessons from team 

mate(s) were common in written reflections on all five enacted integrated lessons and 

also in interview responses. Additional benefits of working with team mate(s) included 

sharing of ideas and resources, supporting each other, and serving as an audience for 

practice of activities. This finding is supported by the NMSA‘s (2003) acknowledgement 

that ―teaming has a positive impact on the professional lives of teachers‖ (p. 29).  

 Collaboration efforts also extended to other colleagues in particular schools. 

Participants initially reported colleagues‘ negative attitudes toward change would be a 

barrier to integration efforts and identified cliquish behavior of experienced teachers as 
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particularly isolating. However, by the end of the semester some participants reported 

that integration efforts changed their relationship with their colleagues in important ways. 

They were no longer intimidated by their more experienced colleagues. Instead, they 

actively sought help from those who taught the other subject (science or mathematics) as 

well as offered help to other colleagues to improve the quality of teaching in their 

schools. 

Team Teaching 

 Another reported change in practice as of result of collaboration is that of team 

teaching. Participants reported many benefits of having two teachers in the classroom at 

the same time, sharing the responsibility of teaching the content and guiding student 

activities. Students reacted well to two teachers in the classroom and saw the 

collaboration of their science and mathematics teachers as an illustration of the close 

connection between the two subjects. As a result, some pairs of partners who taught the 

same grade and could coordinate their teaching times, team-taught all five of the 

integrated lessons required for the course. They enjoyed the experience and the positive 

responses of their students and reported that they would strive to continue team teaching 

as much as possible. This suggests that team teaching has potential to improve the quality 

of teaching in middle schools and also to further integration efforts. 

 The summary of answers to the research questions which guided this study 

highlights remarkable changes in participants‘ perceptions of integrated teaching of 

science and mathematics. The following figures summarize the progression of changes in  
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perceptions under the three major themes which emerged from the study and the data 

source with which each is associated: 

 

 
 

Figure 2.A progression of benefits of integration. 
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Figure 3. A progression of barriers to integration.  
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Figure 4. Personal issues. 

 

This study also illustrates the potential of integrated teaching to transform middle 

school classrooms into active and effective learning environments in which teachers and 

students enjoy the teaching and learning of science and mathematics and thus realize at 

least one goal of middle school teaching (NMSA, 2003). 

CONCLUSIONS 

This study highlighted that current classroom practice in some middle schools 

does not align with NMSA‘s vision for middle school education. In addition, the 
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traditional pedagogy which is espoused by many teachers is not reflective of the national 

standards of science and mathematics. An absence of integrated teaching of science and 

mathematics was determined, coupled with lack of student engagement and teacher 

satisfaction. However, this study also detailed changes in teachers‘ perceptions as they 

engaged in integrated teaching and highlighted many benefits of teaching science and 

mathematics in an integrated manner in the middle school.  

The results of this study identified factors which facilitated integrated teaching 

and some factors which may inhibit such effort. Collaboration with partner(s) in the other 

discipline (science or mathematics), online discussions, peer review of enacted lessons, 

and access to current literature relevant to integrated teaching in the middle school, are 

factors which were endorsed by participants as agents of change in perceptions of 

integrated teaching. Some factors which were identified as potential barriers to 

integration are standardized state tests and the heavy emphasis placed on this by state and 

district education agencies, school schedules which do not permit common planning 

periods for teachers of science and mathematics, lack of access to integrated materials 

and lessons, and teachers‘ lack of content and pedagogical knowledge. 

RECOMMENDATIONS 

The results of the study necessitate the following recommendations for middle 

school teacher education, applicable to preservice teachers, inservice teachers, and all 

middle school teachers: 
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Preservice Teachers 

1. Content and methodology courses should be learner focused and should provide 

preservice teachers with a repertoire of strategies and skills for teaching middle 

school science and mathematics in a reform oriented manner. It is imperative that 

teacher education programs closely align content and methods courses with 

national standards for science and mathematics as well as with recommendations 

for reform teaching. 

2. The NMSA‘s vision of the middle school concept (explained before) should guide 

science and mathematics methods courses for preservice middle school teachers. 

3. Content and methods courses in teacher education programs should prepare 

preservice teachers for integrated teaching by modeling integrated teaching. 

Preservice teachers‘ experiences in these courses should mirror the experiences 

they would be required to provide for their students through integrated teaching. 

4. Preservice methods courses should include opportunities for science and 

mathematics teachers to participate in learning communities where they would 

communicate, work in teams to plan and teach integrated lessons, video record 

enacted lessons, as well as view and reflect on each others‘ lessons. Even if 

courses are not taught in an integrated manner, science and mathematics 

instructors should contrive situations for communication and collaboration 

between science and mathematics preservice teachers. 
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5. Single subject certification in middle school science and mathematics should be 

replaced with dual certification to provide preservice teachers with the content 

and pedagogical knowledge required for integrated teaching.   

Inservice Teachers 

1. Professional development courses for inservice teachers should provide 

opportunities for teachers to become acquainted with the national standards of 

science and mathematics and the NMSA‘s vision of the middle school concept. 

2. Professional development training for inservice teachers should include 

opportunities for teachers to engage in the kind of integrated learning activities 

which they would be expected to provide for their students.  

3. Inservice teachers should be afforded opportunities to collaborate with colleagues 

and to engage in reflective practice. To alleviate the difficulty of scheduling 

meeting times, an online forum for discussions should be provided. 

All Teachers 

1. Literature relevant to integrated teaching, along with integrated lessons, units, 

and other resources suitable for middle schools should be made available for 

preservice teachers as well as inservice teachers. 

2. State and district policies and district curricula in science and mathematics need 

to reflect national standards and NMSA‘s outline of the middle school concept.  

 If even only a select few of the above recommendations are implemented, both 

preservice and inservice teachers will be better equipped to teach science and 

mathematics in a reform oriented manner, especially through integration. Better 
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preparation of teachers would result in corresponding changes in practice in middle 

school science and mathematics classrooms. As a result, the quality of science and 

mathematics education afforded middle school students would improve and integrated 

teaching should become prevalent.  

LIMITATIONS OF THE STUDY 

 The online environment was one limitation of this study. Observing participants‘ 

behaviors and their facial expressions as well as body language as they engaged in 

integrated activities and discussions in the actual college classroom, and also during 

interviews, would have provided data for richer descriptions.  

 The distance of participants from the university campus also prevented 

observation of participants as they enacted integrated lessons in their classrooms. 

Although videotapes of two lessons were observed, in most cases the entire lesson was 

not seen because the lesson lasted for several periods. Observation in the natural 

environment would have presented information about the classroom culture, which in 

turn, would have enriched descriptions.  

SUGGESTIONS FOR FURTHER RESEARCH 

 This study provides a foundation for research on integrated teaching of science 

and mathematics in middle schools. Since the course which provided data for this 

research is the first in a series of courses of a three-year program, a follow-up study can 

be initiated to track participants‘ integration efforts as they acquire content knowledge 

relevant to both science and mathematics. 
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 Another area of investigation that may be embarked on is that of collaboration 

with partners. Working teams of two or three members were part of the (MS)
2
 program 

requirements, so teams formed at the beginning of the program should function until the 

end. Examination of how collaboration influenced professional practice and personal 

relationships of partners over time should be particularly enlightening. 

 An examination of the effects of gender and teaching experience on implementing 

and maintaining an integrated approach to teaching science and mathematics is another 

research idea that may be explored. Analysis of data gathered from this study showed that 

males and less experienced teachers exhibited more enthusiasm about teaching integrated 

lessons and expressed their intention to continue teaching in an integrated manner. 

Therefore, such a study would reveal interesting insights about teaching and teachers in 

the middle school.   

 The effects of certification type and teaching assignment on teachers‘ practice in 

science and mathematics classrooms is another field of research which should provide 

relevant information for assessing student performance in schools.     

 The advent of the second and third cohorts of the (MS)
2
 program in Fall 2010 

presents another idea for research – a comparison of perceptions of integration held by 

members of the second group with those of the first group. Such a study would reveal if 

findings of this current study conducted with the first group are consistent with findings 

from the second group and would illustrate replication. 

 

 Overall, this study served several important purposes. First, it identified the 

absence of integration efforts and reform teaching of science and mathematics in middle 
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schools. The initial perception of teachers that integration of science and mathematics is 

difficult and would entail much time to implement was also indentified. Most 

importantly, this study showed that with relevant reform oriented training middle school 

teachers are capable of teaching science and mathematics in an integrated manner. The 

graduate level course provided training and opportunity for middle level teachers to 

experience integrated teaching and the following comment made in a Power Point 

presentation at the end of the semester attests to change in students and teachers 

attributed to the course:  

I noticed that the students were begging for the next lesson. They would skip 

football or basketball practice so they could come to our class and do these 

lessons. I knew without a doubt that this worked when one day after school the 

basketball coach came to our classroom with a ‗if you can‘t beat them, join them‘ 

kind of attitude and I realized…his WHOLE team was with us, he had no one to 

practice so he just came down to see what we were up to. I thought this was huge. 

When he poked his head in those boys were working so hard and together as 

small groups really doing science like little scientists, experimenting and 

discovering why things work. This was when I realized without a doubt that 

inquiry and integration works!‖ (S20M).  

 

 Finally, this study illustrated that integrated teaching of science and mathematics 

has great potential for improving the teaching of science and mathematics in middle 

schools and for developing students‘ interest and engagement in these disciplines. By 

doing so, it provided additional evidence to support calls by prominent educators (e.g. 

Beane, 1993, 1995; Berlin & White, 1991, 1999, 2010; Roth, 1993; Wicklein & Schell, 

1995) for integrated teaching of science and mathematics in schools. 
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APPENDIX 

INTEGRATED LESSONS 

 

Hanging in the Balance 
Shirley M. Matteson© 2009  

 

Introduction 
Students will explore the concept of balance by first creating a balance scale and leveling 

it. They then explore equivalence by working with equations and applying number 

properties. Students will gain an understanding of the torque rule by working through a 

sequenced set of balance problems on a virtual manipulative applet.  

 

Students may struggle with the balance concept until they gain an understanding of the 

physical conditions of equilibrium and the mathematical conditions of equality and 

reasoning. Studying the concept of balance will help students situate mathematics in a 

physical context while mixing in the physics aspects of logic, proportionality and product 

summations. 

 

Standards 
 

Science (NRC) 

Inquiry, Physical Science, Science and Technology  

Math (NCTM, 2000) 

Algebra, Measurement, Problem Solving, Reasoning and Proof, Communication, 

Connections, Representation 

Language (NCTE/IRA 1996) 

 Written Records, Use Language for Exchange of Information 

 

Objectives  
 Students will demonstrate an understanding of the relational view of the equal 

sign in working with mathematical equations. 

 Students will apply concepts of balance or equivalence to mathematical equations 

and to physical models of balance that use different combinations of weight and 

distance 

 Students will demonstrate with virtual models the summation of torque rule  (Ʃi Fi 

di) and compare it for effectiveness with the proportion rule of W/W' = L'/L 

 

Key Words  
equal, equilibrium, balance, equivalence, distributive property, commutative property, 

fulcrum, lever, weight, distance, torque rule, proportion 

 



Texas Tech University, Bibi Ganesh, May 2010 

 185 

 

Focus Questions   
What properties of numbers can be demonstrated with balance scales? 

How can physical models of balance scales be used to model mathematics equations? 

How does distance and weight influence the balancing of physical and virtual balance 

scale models? 

How does working with physical and virtual balance scales lead to a better understanding 

of the torque rule? 

 

Preparation and Management - Mathematics 

Prep time:  
Most of the preparation time will be spent gathering enough materials and running 

enough copies of the pre- and post-tests so that each student can make their own balance 

scale. Make sure to cut extra cardboard strips. As an optional activity you may want to 

create activity cards that guide students through various equations and properties. 

 

Teaching time: 
Plan for a full class period (50 minutes) in which to pre-test student knowledge and have 

them make a functional balance scale. I have tried the activity with pre-made balance 

scales, but found that students did not understand the inequality aspect as well. Allow 

time for cleanup. 

Plan on a second class period for students to work in partners or small groups as they 

explore various combinations of paperclips. Make sure students rebalance their scales 

each time. Build in cleanup time – especially to collect paperclips off of balance scales. 

 

Pretesting students’ understanding of balance and equivalence. 
In the mathematics portion of the lesson it is important to find out what students already 

know about the equal sign and visual representations of the concept of balance (see 

Appendix A). Students need to complete a brief review of the equal sign, balancing 

equations, inequalities, and the meaning of variable notation. This will aid in 

understanding the torque rule in the science activity. Have students complete the pretest 

consisting of 12 balance scale problems. Have students mark their answers as balance, tilt 

left, or tilt right AND provide a written reason for their selection. These can be brief, 

such as ―same number of weights‖ or ―weights are farther out on the left side. 

 

Students will then explore the concept of balance by creating a balance scale and leveling 

it. They will continue to explore equivalence by working with equations and applying 

number properties. Students will gain fluency with symbolic notations, which is an 

important step in developing an understanding of the torque rule. Students will further 

clarify their understanding of the torque rule by working through a sequenced set of 

balance problems on a virtual manipulative applet.  
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Engagement: 

Creating the balance scale. 
 

There are commercial versions of balance scales available that are durable, but using 

them does not require the students to think about the factors involved in balancing two 

sides of a balance scale. I also suggest the balance scale that appears in the TOPS 

Learning Systems Perfect Balance 31 booklet (Marson, 2004 or see the website 

http://topscience.org/). The balance beam and directions can be run off and handed to 

students to make either in class or on their own (see photo 1).  I prefer students to make 

the balance scales in class due to the insights they gain while making adjustments that 

serve to ―level‖ their balance. Have students keep the balance scales in class due to the 

use of pins. 

 

 

Homemade balance scale directions 
 

Materials: thin cardboard, ruler, scissors, masking and regular tape, hole punch (not 3-

hole) dressmakers pins, wooden clothespins, empty beverage can or plastic beverage 

bottle, several boxes of large paperclips of the same brand, marker. Start by collecting 

many pieces of think cardboard about the thickness of a cereal box. Large cereal boxes 

would be fine and you could also use inserts from the packages of shirts or other similar 

items. Prepare the cardboard. Most are 8 ½ inches by 11 inches. Cut the cardboard into 

strips of 1½ inches by 11 inches (see photo 2).Note: a cardboard strip that measures 1 

inch by 11 inch is also workable. 

 

A. Show students the model of the simple balance scale and inform them that they will 

be making their own model to use in class. Help students to mark the center. DO 

NOT FOLD to do this. The center will become the fulcrum or pivot point of the 

balance scale. 

 

B. Working from the center, mark every inch (2.5 cm) outward on both the left and right 

hand sides. Make the marks about ¼ to ½ inch (1 cm) from the edge. Label the 

markings, from left to right, 5, 4, 3, 2, 1, 0, 1, 2, 3, 4, and 5. It is helpful for younger 

students to also draw a straight line about ¼ to ½ inch in all the way across the length 

of the strip of cardboard. This will provide a visual reference of  for students to use 

as a guide when they hole punch the cardboard (see photo 3).   

 

C. Use the hole punch to create holes at all numbers except 0. At 0 insert a dressmaker‘s 

pin using the  as a guide. Insert the pin through the EXACT center as this serves as 

the pivot pin (see photo 4). You may need to move the pivot point upward when 

balancing the scale so that the cardboard does not rub against the clothespin. 

http://topscience.org/
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D. Tear or cut off a piece of masking tape the length of the clothespin. Then take that 

strip of tap and tear it in half. Use one section to create an ―ear‖ for the clothespin. 

Fold the tape over the ends of the clothespin, but leave about a fingertip length of the 

tap extending from the clothespin. Pinch this flat. Do this for both ―ears‖ of the 

clothespin (see photo 5). 

 

E. Cut out a narrow strip or ―V‖ from the center of the tape on each ear. Make sure to 

cut down to the wood. You are creating a notch in which to rest the pin protruding 

from the balance. The notch needs to be wide enough to have the pin move freely, but 

not too wide or it will be difficult to keep the balance level (see photo 6). 

 

F. Clamp the clothespin and balance onto the pull-tab of a can or the mouth of a 

beverage bottle. Tall and narrow bottles work best, but will need to be weighted down 

with dried beans or popcorn so that the balance will not tip over. 

 

G. Balance the cardboard strip on the ears, using the pin as the pivot point. The 

cardboard strip needs to fit BETWEEN the ears. Complete adjustments so that the 

balance sits level by adding small sections of tape to the higher/lighter end (see 

photos7, 8 and 9).You may uncover misconceptions while students work to level the 

balance. At that time it would be appropriate to discuss experiences they have had 

with teeter-totters or seesaws. 

 

 

 

Explore – Explain – Extend/Elaborate:  

Explorations with the balance scale. 
 

Have students explore the mathematical properties imbedded within the balance scale. 

For example, have students place one paper clip on the 5 on the left and then figure out 

ways to balance the beam without using a mirror image of a 5. Have students record their 

work using equations. For example: 

 

5 = 1 + 4 5 = 2 + 3 5 = 1 + 2 + 2  or  5 =1 + 2 x 2 

 

or 

 

10 (shown by hanging two paperclips at five) = 4  (shown by hanging two paperclips at 

two) + 6 (shown by hanging two paperclips at three)  or  2 x 5 = 2 x 2 + 2 x 3  or  2 x 5 = 

2(2 + 3) 
 

Students need to work several simplistic problems before moving on to more difficult 

problems. At this point they will cycle back and forth between Explore and Explain. 

Encourage students to create increasingly more difficult problems. In order to develop 
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variety and flexibility in their thinking, suggest that students find the various ways 

balance two paperclips hanging at 4 with a combination of 3, 4, or 5 paperclips. Students 

need to create numerical equations in addition to visual representations. (see photo 10 

and 11). 

 

Encourage the writing of parenthesis within equations as needed. Students may need 

guidance in this, but it is an excellent way to reinforce the Order of Operations. With a 

balance scale it is easy to introduce comparisons of inequalities with parentheses.  For 

example, some students may not see the necessity of parenthesis in such problems as: 

 

1 + (2 x 2)? (1 + 2) x 2  [more traditionally written as 2(1 + 2)] 

 

This equation is definitely an inequality and becomes visually recognizable when shown 

on the balance scale (see photo 12).   

This leads directly into discussions of mathematical properties such as the distributive 

property. 

 

In addition, the commutative property is very easy to demonstrate with the balance scale. 

Addition is very easy to understand in equations such 2 + 3 = 3 + 2. The numbers above 

the paperclip are very helpful at this point. The multiplication expression 2 x 5 looks 

visually different than 5 x 2, yet is in balance also because of the commutative property. 

Students can also visually understand why 5 x 2 = 2(2 + 3) (see photo 13).  

 

After students have explored a wide variety of equations, moving from simple to 

complex, have them work through the problem representations that appeared on the 

pretest. They need time to understand that the numbers in the equations they have formed 

actually represent two different concepts – weight and distance.  For example the 

equation 5 = 1 + 4 means you have one paperclip at 5 inches, and that balances 1 

paperclip at 1 inch and 1 paperclip at 4 inches. The equation 5 x 2 = 2(2 + 3) means that 

you have 5 paperclips at 2 inches or 2 paperclips at 5 inches, depending how the student 

interpreted 5 x 2, and 2 paperclips each at 2 inches and 3 inches. Students need to 

verbalize their equations using terminology related to weight (number of paperclips) and 

distance (number appearing on the balance scale).  

 

Evaluate  
 

It is important that students explain their thinking in all phases of the lesson. You may 

want to conduct clinical interviews or large group discussion in addition to paper-pencil 

tasks to ascertain what students are thinking. Eventually the students will take a final 

written post-test, but before doing so they must have adequate inquiry time to consider 

the role that distance and weight play in balance. (Real world examples, such as loading 

aircraft with luggage or paddling around in a raft or canoe could also be incorporated into 

class discussion.) Be patient as some students may be uncomfortable explaining their 

thinking and may struggle with the connection between weight and distance. You may 
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find that some students revert back to just counting the number of weights, thereby 

ignoring the impact that distance has in balancing the scale. Clarification will be needed 

as to the meaning of the numbers on the balance scale – so label them as inches (or 

centimeters if you use that unit).  

 

Some students will exhibit a proportional understanding of the balance beam. They may 

take an equation of 3 x 2 (3 paperclips at 2 inches) = 6 x 1 (6 paperclips at 1 inch) and 

understand that, because the paperclips on the left had side are twice as far out, only half 

of the number of paperclips are needed on the right side to balance the scale. Students 

would also explain that 1 x 4 and 4 x 1 are not only commutative in nature, but also 

inversely proportional.  Students may demonstrate their understanding of this concept by 

using fractions in their written work. Using labels in creating proportions would be 

helpful in creating and understanding of the proportion of W/W' = L'/L. 

 

Students should be continually encouraged to develop even more complex equations. 

Research has shown that students gain a better understanding of balance when larger 

values are used. This also lends itself to the application of the torque rule. Subtle 

differences often elude students or the use a faulty rule of their own making, such as an 

additive rule. An understanding of the meanings of all numbers appearing in the 

equations is critical and students should label numbers as relating to either distance or 

weight. This is a critical step in developing an understanding of the physics rule of torque 

- a concept that can be readily grasped by middle school students! 
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Preparation and Management –Science  

 

Prep time:  
Time needed to set up computers, or arrange time to go to the computer lab. You will 

need access to the website http://www.ibiblio.org/links/applets/appindex/balance.html 

 

I strongly suggest putting the URL into your Favorites folder or adding a Bookmark for 

it. 

 

Teaching time: 
One class period to have the students complete the set of problems, have students write 

their reflections, and complete the posttest. Additional class time, before the use of the 

applet, could be made to explore balance with pan scales or yardsticks, pencils, and 

pennies. There are a number of similar activities that would help student gain an 

understanding of balance by using physical models. 

 

Engagement: 
You could do either a teacher demonstration or have the students gain an understanding 

of the features of the Balance Applet on their own. Students need to understand and 

explain what happens when they move the various color blocks and/or input different 

values.  

 

Start by setting the Balance Applet to be (first number is mass, second is position where 

negative numbers are to the left of the fulcrum): 

Blue (50, 10)  Yellow (30, -120)   Red (70, -190) Green (80, 120)  

 

Have them check the balance, then try to find a way to balance the scale. Explanations 

are critical at this point. 

 

Explore – Explain – Extend/Elaborate:  

 
Have students work through various tasks such as the one listed below. It is important 

that students indicate what they want to do, and why, before they solve the problem. You 

may want to model this with an example such as: 

 

Problem A: Suppose your balance scale is set as follows: 

 

Blue (70, 190)  Yellow (30, 120)   Red (30, -120) Green (70, -190)  

 

If you move the Green Block to the right of the Red Block, what are three different ways 

you could keep the scale in balance? 
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Answers can vary – such as moving the Blue Block in the same distance, or changing the 

weight of the Yellow, Blue, or Yellow and Blue Blocks. Students could change both 

distance and weight. It is very important for students to write down their thinking, 

including any numbers the try. As scientists even results that do not result in balance are 

important. Encourage students to label the efforts as Trial 1, Trial 2, and so forth. 

Students must also determine what went wrong and why before they move on to trying 

another solution.  

 

Evaluate:  
 

After students have explored, explained, and elaborated on their studies of the balance 

scale, provide students with a post-test using the same set of questions that appeared on 

the pretest. Include several open-ended questions so students can create solutions to 

demonstrate their understanding. In order to assist students in gaining representational 

fluency, it is important to include both visual representations of the balance scale and 

mathematical equations. Students need to have opportunities to explain their reasoning. 

This is especially on tasks that involve inequalities. Ask students should be again asked 

to provide a definition and meaning for the ―=‖ sign in light of their explorations of the 

balance sale.  

 

Asquith, P., Stephens, A. C., Knuth, E. J., & Alibali, M. W.  (2007). Middle school 

mathematics teachers‘ knowledge of students‘ understanding of core algebraic 

concepts: Equal sign and variable. Mathematical Thinking and Learning, 9, 249-

272.  

 

Carpenter T. P., Franke, M. L., & Levi. L. (2003).Thinking mathematically: Integrating 

arithmetic and algebra in elementary school. Portsmouth, NH: Heinemann. 

 

Marson, R. (2004). Perfect balance 31: Inquiry through science, math and 

technology.Canby, OR: TOPS Learning Systems.  
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Pretest on Balance and Equivalence 
Adapted from Siegler, R. S. (1976). Three aspects of cognitive development. Cognitive Psychology, 8, 481-

520. 

 

DIRECTIONS: The following are pictures of a balance scale with weights. Each peg is 

equal distance from each other and each weight weighs the same. Predict whether the 

scale will balance, tilt left or tilt right. Place your answer on the line the immediate right 

of the scale, then give your reasons for choosing that answer on the lines at the far right. 

 

 

 
 
 

 

A.__________________________________________________

____________________________________________________

____________________________________________________ 

 

B.__________________________________________________

____________________________________________________

____________________________________________________ 

 

C.__________________________________________________

____________________________________________________

____________________________________________________ 

 

D.__________________________________________________

____________________________________________________

____________________________________________________ 

 

E.__________________________________________________

____________________________________________________

____________________________________________________ 

 

F.__________________________________________________

____________________________________________________ 

 

G.__________________________________________________

____________________________________________________

____________________________________________________ 

 

H.__________________________________________________

____________________________________________________

____________________________________________________ 

 

I.__________________________________________________

____________________________________________________

___________________________________________________ 

 

J.__________________________________________________

____________________________________________________

____________________________________________________ 

 

K. ________________________________________________ 

 ________________________________________________ 

 

L. ________________________________________________ 

 ________________________________________________ 
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Pretest cont. - Understanding Mathematical Symbols 

 

1.     4 + 6 = 10 

                      

 The arrow points to a symbol. 

What is the name of the symbol? 

 

 

 What does the symbol mean? 

 

 
 

2. What are the numbers that go in the  in these problems. Please explain your 

answers. 

 

 7 + 5  =  + 4 

 58 + 92 =  + 94 

 16 + 23 =  + 16 

 
 

3. Is the number that goes in the  the same in the following two equations? 

 

 2 x  + 15 = 31  2 x  + 15 – 9 = 31 

 

 Please explain your answer. 

 

 
 

4. The following question is about this expression: 3n – 1  

                
 The arrow points to a symbol. 

 What does the symbol stand for? 

 

 
 

5. Which is larger task 

 

 Can you tell which is larger, 3n or n + 6? 

 

 

 Please explain your answer.  
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Adapted from Asquith et al.  (2007). Middle school mathematics teachers‘ knowledge of students‘ understanding of core 

algebraic concepts: Equal sign and variable. Mathematical Thinking and Learning, 9, 249-272.  Carpenter et al. (2003). Thinking 
mathematically: Integrating arithmetic and algebra in elementary school. Portsmouth, NH: Heinemann. 
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Balance Post-test 

Name___________________________________________    Date_________ 

 

 

After you indicate whether the scale would balance, tilt left or tilt right, write why 

you chose that answer. 

 

 

 
Reason for answer: 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 
 

Reason for answer: 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

_____________________________________________________________________ 

 



Texas Tech University, Bibi Ganesh, May 2010 

 195 

 
 

Reason for answer: 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

_____________________________________________________________________ 

 

What is the meaning of the ―=‖ sign? 

Create a solution on the right side that would cause the scale to tilt right.  

 

 
Other than creating a mirrored answer, write a solution for the right side of the scale 

that will create a balanced scale. Then explain why you chose that solution.  

 
Reason for answer: 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

_____________________________________________________________________ 
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Remove one weight so that the balance tilts left. 

 
Reason for answer: 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

_____________________________________________________________________ 

 

Explain the torque rule in your own words. 

_____________________________________________________________________

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________ 

 

Reprinted with written permission of the author, Shirley M. Matteson. 
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The Pendulum: What Affects the Period of a Pendulum? 

Jennifer A. Wilhelm (2009)  

Objective: Using inquiry to discover what affects the period of a pendulum; 

understanding the predictive power of mathematics and mathematical representations; 

experiencing a physical phenomenon that produces a square root function; performing 

scientific and mathematical data collection and analysis. 

To start with you need a pendulum.   To assemble a pendulum you should obtain a bag 

of nuts (any hardware store), a string, a stop watch, a meter stick, and a protractor.   

Materials per group: One bag of nuts (or washers)-at least eight; some string, a stop 

watch, a meter stick and a protractor.   

To assemble a pendulum, cut about a 35 cm length of string and add one or more nuts 

to one end (tying it).  Attach the other end from a ceiling or the top of a table to allow 

the pendulum to swing freely.  The time it takes for a pendulum to swing one full back 

and forth motion is equivalent to the period of the pendulum.  Once you have your 

materials and know the definition of a pendulum‘s period we can begin.  (With your 

own class, it would be best to have the class brainstorm about what exactly a 

pendulum is, where they might have seen one before, and what is the period of a 

pendulum.) Students should work in groups of 2 or 3. 

Engage: What affects the period of a pendulum?  Do all pendula (plural of pendulum) 

swing at the same rate?  Your class should come up with things like length of string, 

mass at the end of the string, angle with which the pendulum is released (although 

they may say height at which it was released).   

Explore:  Once your class has generated a list of possibilities, have them come up 

with a way to test each of these variables.  The class should recall that to test if a 

variable affects the period of a pendulum, they must hold all other variables constant.  

When testing each variable, students should time five full back and forth pendulum 
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swings and then divide by five to get the time for one full period in order to cut down 

on error. Also, three trials should be conducted for each data point. 

Explain: After testing all of the possible variables, students should explain what they 

have found.  To better examine data, students should make graphical representations 

of their findings.  For example, make plots of period versus length; period versus 

mass; and period versus angle.   

Elaborate: Students (in groups) should present, discuss, and compare their results.  

When they plotted period versus length, what kind of graph did they obtain?  

Likewise, what kind of graph did they obtain for period versus mass and period versus 

angle?  Students often lack enough data points to really see a trend.  At least eight to 

ten data points for each graph are needed in order to see a trend.  So advise students 

to collect more data if needed.   

Evaluate:  Have students evaluate what they have discovered.  Using what they have 

learned, have students predict how they would make a pendulum that has a period of 4 

seconds.   

Extend:  After class has come to a consensus that the only variable that affects the 

period of a pendulum (provided starting angles used were less than 25°) was the 

length of the pendulum‘s string—you can share with the class the following formula 

for the period of a pendulum. 

T = 2π√(
𝑙

𝑔
) 

(Where l is the length of the string and g is the acceleration due to Earth‘s gravity.) 

Have students plot T
2
 versus l (to linearize data) and discuss what the physical 

meaning of the slope would be?  (After linearization, the slope should be 

approximately equivalent to 4π
2
/g; setting one’s slope equal to this allows the student 

to calculate acceleration due to Earth’s gravity).  Similarly, students could instead 

plot T versus √𝑙 and set slope of best fit line equal to 2𝜋/√(𝑔). 
 

Reprinted with written permission of the author, Jennifer A. Wilhelm. 

 

 


