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In this era dominated by the importance of mathematics, science, and technology, 

national organizations in science and mathematics education (e.g., National Science 

Teachers Association and the National Council for Teachers of Mathematics) advocate 

for teaching of science and mathematics concepts through integration. A more 

comprehensive understanding of what teachers understand about integration is needed to 

put such recommendations into practice. This study identified and described three science 

teachers’ understandings of science and mathematics integration. The teachers were 

enrolled in a master’s program that focused on the integration of science and 

mathematics, reflective practices, and the integration of technology into instructional 

practices. A case study approach included data sources such as program assignments, 

selected by the teacher as representative of integration, a constructed response survey, a 

classroom observation of an integration lesson, field notes made by the researcher, and a 

semi-structured interview. Data analysis strategies included unitizing, categorizing, and 

sorting (Lincoln & Guba, 1985) as well as continual revision, modification (Erlandson, 

Harris, Skipper, & Allen, 1993), and construction of coding schemes (Carspecken, 1996). 

Three themes that describe the teachers’ understandings of science and 

mathematics integration emerged: (a) Mathematics is a means of analyzing scientific data 

and to enhance the explanation of scientific conclusions, (b) Content specific skills and 

concepts should be taught separately to allow for deeper discussion and data analysis 

when integrating, and (c) Integration is a catalyst for increasing student motivation for 

learning each discipline. The analysis also revealed that the teachers believed that 



 

viii 
 

integration of science and mathematics would be more effectively and efficiently 

implemented with appropriate support systems. The researcher recommends professional 

development, mentoring, and collaboration within integrated teams as strategies that 

would support teachers’ implementation of science and mathematics. In addition, further 

research should be performed to determine the effects of science and mathematics 

integration on student achievement in science and mathematics. 

Carspecken, P. F. (1996). Critical ethnography in educational research: a theoretical 

and practical guide. New York: Routledge. 

Erlandson, D. A., Harris, E. L., Skipper, B. L., & Allen, S. D. (1993). Doing naturalistic 
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CHAPTER I 

INTRODUCTION 

In an era dominated by mathematics, science, and technology, it is essential that 

science and mathematics teachers are equipped with the knowledge and skills to teach 

science and mathematics meaningfully to students. There is substantial evidence that 

teachers' understandings about mathematics and science influence their teaching of 

mathematics and science (Berlin & Kyunyook, 2005; Koirala & Bowman, 2005; Pyke & 

Lynch, 2005; Weiss, McMahan, & Smith, 2001).  

Furthermore, the Principles and Standards for School Mathematics (National 

Council of Teachers of Mathematics, 2000) identifies the expectation that comes with the 

connection of mathematics to other disciples, namely to science: 

The opportunity for students to experience mathematics in a context is 

important. Mathematics is used in science, the social sciences, medicine, 

and commerce. The link between science and mathematics is not only 

through content but also through process. The processes and content of 

science can inspire an approach to solving problems that applies to the 

study of mathematics (p. 66). 

Similarly, the National Science and Education Standards (National Research Council 

(NRC), 1996) concurs with the potential benefits of integrating science and mathematics: 

“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).  
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Finally, the current framework presented by the NRC, the Next Generation 

Science Standards (NGSS) encourages enhanced integration of science and mathematics 

for engineering applications (Achieve, 2013). The enhanced integration is referred to as 

infusion, where strategies are to embed relevant learning goals from one discipline into 

standards for another (NRC, 2012). The NGSS aligns itself with recent research to 

continue to develop standards that advocate that integration is essential in future curricula 

and career needs. That is, the NGSS Science Standards reinforces enfolding knowledge 

application, core ideas and topics, and modeling of topics in various situations. 

Given such agendas of renowned national organizations in science and 

mathematics education, it is advantageous to continue research on what teachers 

understand about science and mathematics integration and how teachers’ understandings 

about science and mathematics integration are exhibited in instructional practice.  

Even though there are arguments for science-mathematics integration, most 

middle school and high school teacher preparation programs are discipline-specific and 

do not necessarily prepare teachers for the complexity of teaching two disciplines in an 

integrated manner. However, programs for science and mathematics teachers and related 

to science-mathematics integration have emerged across the country. For example, the 

Illinois State University’s STEM Education and Leadership Master’s Degree Program is 

designed to enhance students’ content knowledge and action research capabilities in 

science and mathematics education. The Rider University Bachelor of Arts Degree in 

Integrated Sciences and Math is designed primarily as a second major for students in the 

school of education interested in teaching science or math at the middle school level, and 

Fresno Pacific University’s Master of Arts in Education: Integrated Mathematics/Science 
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Education Emphasis is yet one more example. Finally, the University of Houston recently 

launched Integration of Science, Mathematics, and Reflective Teaching (iSMART), an 

online M.Ed. program for middle grades science and mathematics teachers that focuses 

on science and mathematics integration in the middle grades (Lee, Chauvot, Plankis, 

Vowell, & Culpepper, 2011). Such programs offer contexts for understanding how 

teachers make sense of science-mathematics integration and how they might apply this 

construct in their classrooms. The iSMART program is the context for this research 

study, this program will be described more fully in a subsequent chapter. 

Need for the Study 

There are multiple models and definitions of science-mathematics integration 

reported in the literature (Berlin & White, 1992; Harden, 2000; Hinde, 2005; Lonning & 

DeFranco, 1997)). However, there is limited research about how teachers themselves 

understand integration. The purpose of this study is to shed light on teachers’ 

understandings of science and mathematics integration. This broader understanding, in 

turn, will inform mathematics and science educators as they design teacher education and 

professional development programs that seek to effect increase capacity for integration. 

Purpose of the Study 

The purpose of this study is to explore teachers’ understandings of science and 

mathematics integration. Smith and Siegel (2004) define understanding as the 

accompaniment of beliefs and knowing. That is, understanding, beliefs, and knowing are 

difficult to distinguish as separate. Analyses of behaviors, then, are used to make 

generalizations regarding knowledge and belief. Likewise, it is necessary to analyze 

teachers’ behaviors, related to implementation of science and mathematics integration, to 
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acquire know more about teachers’ understanding of science and mathematics 

integration. 

Research Questions 

The research questions for this study are: 

1. How do teachers of the iSMART Master’s Degree Program define science and 

mathematics integration? 

2. Are there commonalities and differences in how teachers of the iSMART Master's 

Degree Program define science and mathematics integration? 

The findings of this study will have implications for teacher preparation and professional 

development programs that are designed to teach teachers about science and mathematics 

integration.  

Summary 

There is data that teachers' understandings about mathematics and science 

influence their teaching of mathematics and science (Czerniak, Weber, Sandmann, & 

Ahern, 1999). Given this evidence, it is beneficial to make inquiries about how teachers 

make sense of science and mathematics integration as they attempt to implement 

integration practices recommended by the NCTM Principles and Standards and NGSS 

National Science Standards. 

To support the need for effective implementation of integration strategies, teacher 

education and professional development programs have been created to enhance teachers’ 

abilities to make connections between the two contents of science and mathematics. 

There is evidence that research is required to document teachers’ understanding of 

science and integration into practice. Teachers’ behaviors would offer more insight into 
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how teachers’ really understand integration. The purpose of the study is to describe 

teachers’ understandings and implementation of science and mathematics integration. 

The findings will offer data to provide insight in supporting teachers as they strive toward 

integration of science and mathematics in their classrooms.  

 

 



 

 

 

CHAPTER II 

LITERATURE REVIEW 

Introduction 

The quality of what students learn is highly dependent upon what teachers do in 

the classroom. Thus, in preparing the students of today to become successful individuals 

of tomorrow, science and mathematics teachers need to ensure that their teaching is 

effective. It is argued that integrating science and mathematics in both science and 

mathematics classrooms will serve students well by developing their understanding of 

science and mathematics concepts, as well as helping students see how the two 

disciplines are related. There are also reports of improved attitudes of students when 

exposed to integrated activities. For example, Bragow, Gragow, and Smith (1995) 

reported that students displayed increased interest in school. Similarly, McComas (1993) 

demonstrated that thematic units had a positive impact on student attitudes.  

Even though there are implications that students benefit from integrated lessons, 

most middle school and high school teacher preparation programs are discipline-specific 

and do not necessarily prepare teachers for the complexity of teaching two disciplines in 

an integrated manner. Furthermore, across the country, professional development for 

practicing teachers designed to teach about integration have emerged. As professional 

development programs and possible teacher preparation programs teach about 

integration, it is important to be informed about how teachers make sense of integration. 
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First, literature about models of curriculum integration, in general, is shared. 

Next, literature specific to science-mathematics integration is discussed. Finally, 

information about programs specifically designed to teach about science-mathematics 

integration is shared.  

Models of Integration  

There are numerous designs for curriculum integration presented or reviewed in 

the literature. Davison, Miller, and Metheny (1995) introduced five different types of 

integration methods: Discipline Specific Integration, Content Specific Integration, 

Process Integration, Methodological Integration, and Thematic Integration. Discipline 

specific integration involves students drawing a conclusion in response to the analysis of 

the data using all knowledge from more than one subject area. Content specific 

integration is an integration model that uses students’ expectations from the current 

curricula that will be integrated, which may center around real-world activities. Including 

real-life activities that incorporates multiple curricula integration is called process 

integration. Methodological integration is based on the premise that discovery of 

scientific conclusions are developed from students’ prior knowledge, which is used to test 

hypotheses. The final integration model of instruction is developed from a theme. The 

theme offers the facilitation by which all content areas may interact.  

Parker (2005) classified models/designs of integration into one of two: fusion or 

infusion. The fusion design “merges related subjects into a new subject. Two or more 

subject areas are merged in such a way that they form a new unified idea” (Hinde, 2005). 

The infusion design brings two or more subjects together in such a manner that the one 
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subject offers depth of understanding of the other. In this way, one subject acts as support 

of the other subject. 

To better understand and evaluate the integration process in the classroom, 

Harden (2000) developed an 11-step continuum, which is based off the work of Jacobs 

(1989), Fogarty (1991), and Drake (1993). The 11-step continuum is referred to as The 

Integration Ladder. Harden (2000) contends that as one moves up the ladder, there is an 

increasing requirement for a central curriculum. This leads to greater participation by 

staff in curriculum discussion and planning.  

The first step on the integration ladder is Isolation. In the Isolation step, 

departments or subject specialists organize their teaching without consideration of other 

subjects or disciplines (Harden, 2000). Each discipline looks, from the perspective of 

their own discipline, at the curriculum content in terms of areas to be covered, depth of 

coverage, sequence, and timing. No attention is given to other or related subjects, which 

contribute to the curriculum. The relationships between subjects are not explicitly 

covered and related topics from two disciplines are not intentionally correlated.  

The second step on the integration ladder is Awareness. Here, similar to isolation, 

the teaching is subject-based (Harden, 2000). Some systemic methods are used so that 

each subject area teacher is made aware of what is covered in the other subject. This can 

be achieved through appropriate documentation about the aims and objectives of each 

course and the content and topics covered in lectures and other teaching sessions. 

Archival documents such as lesson plans, scope and sequence, and handouts to be used 

are shared with all planning teachers. This strategy is helpful in ensuring the appropriate 
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inclusion and cross-referencing of required skills and knowledge. At this step, however, 

there is no explicit attempt to help the student to take an integrated view of the subject. 

The third step on the integration ladder is Harmonization (Harden, 2000).  

In Harmonization, teachers are responsible for different parts of the same course consult 

each other and communicate about their courses. Teachers openly discuss and plan in an 

informal manner while using the discussed content as an integral part of professional 

learning committee meetings. Curriculum specialists ensure an objective viewpoint so 

that student and curricular expectations are met. This consultation process encourages 

teachers to adapt their programs so that each course makes accommodation and 

assimilation of both curricula.  

The fourth step is Nesting (Harden, 2000). Nesting occurs when a teacher focuses 

on skills related to other subjects. Content drawn from different subjects in the 

curriculum may be used to enhance the teaching of another subject area. The term 

infusion has also been applied to this stage of integration where teachers analyze the 

separate subject’s expectations and identify ways in which these common skills can be 

refined into existing subjects (Parker, 2005).  

The fifth step on the Integration Ladder is Temporal Co-ordination (Harden, 

2000). In Temporal Co-ordination, each subject remains responsible for its own teaching 

program. The topics’ pacing within a subject, however, is done in consultation with other 

disciplines. The timetable is adjusted so that topics within the subjects or disciplines, 

which are related, are aligned. That is, similar topics are taught on the same day or week 

while remaining part of a subject-based teaching program. Students study the concepts of 

the different subjects separately, but the students are responsible for discovering the 
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connections and generalizations that exist between the contents. This integration is also 

known or described as parallel or concurrent instruction (Mireles, 2009). 

The sixth step on the Integration Ladder is Sharing. According to Harden (2000), 

Sharing step involves two disciplines that agree to plan and jointly implement a teaching 

program. The shared planning and teaching takes place in two disciplines in which 

overlapping concepts or ideas emerge as organized elements. The two disciplines which 

come together to offer such a program are usually complementary subjects and the joint 

course produced emphasizes shared concepts, skills and attitudes. The focus of the course 

is usually in these shared elements. 

The seventh step on the Integration Ladder is Correlation (Harden, 2000), where the 

emphasis remains on disciplines or subjects with subject-based courses taking up most of 

the curriculum time. Within this framework, an integrated teaching session or course is 

introduced in addition to the subject-based teaching. This session brings together areas of 

interest common to each of the subjects.  

The eighth step on the Integration Ladder is Complementary (Harden, 2000).  

This approach has both subject-based and integrated teaching. The integrated sessions 

now represent a major feature of the curriculum. These sessions are recognized to be, in 

terms of time, resources, and assessment as important, if not more important, than the 

subject-based teaching. The focus for the teaching may be a theme or topic to which the 

disciplines can contribute.  

The ninth step on the Integration Ladder is Multi-disciplinary (Harden, 2000). A 

multi-disciplinary approach brings together a number of subject areas in a single course 

with themes, problems, topics, or issues as the focus for the students learning. The themes 
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selected as the focus in an integrated course may function in different ways. The themes 

can delineate an area in which practical decisions have to be made, and which serve as a 

focal point of interdisciplinary thinking. Problems and the tasks to be undertaken by the 

professional may also be used as a focus for integrated teaching.  

The tenth step on the Integration Ladder is Inter-disciplinary (Harden, 2000).  

In this form of integration, there is a further shift of emphasis to themes as a focus for the 

learning of and to the commonalties across the disciplines or subjects as they relate to the 

theme. Inter-disciplinary is defined as a study of a phenomenon that involves the use of 

two or more academic disciplines simultaneously. Inter-disciplinary teaching implies a 

higher level of integration, with the content of all or most subjects combined into a new 

course with a new menu. In the inter-disciplinary course, there may be no reference to 

individual disciplines or subjects, and subjects are not identified as such in the timetable.  

The final step on the Integration Ladder is Trans-disciplinary (Harden, 2000).  

As in inter-disciplinary integration, the curriculum transcends the individual disciplines. 

The focus with trans-disciplinary integration for learning, however, is not a theme or 

topic selected for this purpose, but the field of knowledge as exemplified in the real 

world. The teacher provides a structure or framework of learning opportunities, but the 

integration is done in the mind of the student, based on hi-fidelity situations in the real 

world of clinical care. 

The Integration Ladder is designed to present a “taxonomy which defines 11 steps 

between the two extremes of subject-based and integrated teaching” (Harden, 2000). 

Providing a list of options for the teachers encourages them to explore the integration 

options and to determine which level will best fit their curriculum to serve their students 
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(Harden, 2000). The Integration Ladder consists of eleven levels’ continuum 

distinguishable by the depth of integration from little to no integration (Isolation) to the 

most complex immersed of integration, where the disciplines are inseparable (Trans-

disciplinary). 

Lonning and DeFranco (1997) offered a theoretical model that attempted to 

clarify the definition of science and mathematics integration. The theoretical model 

reveal science and mathematics integration as existing on a continuum. The continuum 

model describes the relationship between science and mathematics in teaching concepts 

or chosen activities. The utility of the continuum would be based on the concepts that are 

to be taught. That is, the level of integration would be dependent on curricular 

requirements. Content for a particular subject area that includes content from another 

subject would be classified as balanced, which is the middle classification) on the 

continuum. All other objectives that does not require concepts or content from the other 

subject would exist in one of the other classifications on the continuum: Independent 

Mathematics, Mathematics Focus, Science Focus, and Science Independent. The 

independent classifications includes concepts that are purely one subject or the other and 

there would be internal integration of concepts. The focus classification would include 

activities or concepts that one subject maintains the primary concept and other subject 

supports the understanding. 

Another research that offered definition of integration was Hinde. Hinde (2005) 

summarized four different designs of integration in her discussion about integration 

social studies into other disciplines. Hinde’s designs for integration are important to note 

because they include students making decisions and drawing conclusions in problem 
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solving situations. Her design also takes into consideration the possibility of making 

connections between subject-areas. In this design, the teacher and students work in 

combination to develop method for solving a problem by assimilating various ideas that 

transcends the range of individual subject areas. 

The first integration design, immersed and networked model, the students play a 

vital part in developing the integration that takes place. The students decide what topics 

and concepts are needed to draw a conclusion in the problem-solving situation. In the 

correlation and sequenced model, the teacher designs learning activities that are strategic 

in leading students to make connections between subject-areas. The open and true 

integration design requires that the teacher and student choose the concept to address, 

while the broad field design focuses on assimilating ideas across subject areas. 

Science and Mathematics Integration 

There also are models of integration specific to integration of science and 

mathematics. Davison, Miller, Metheny (1995) stated the key purpose behind integrating 

subjects such as mathematics and science is to develop student capacity to apply 

multiple-subject concepts in learning opportunities. When addressing curriculum 

integration within core-subject areas, usually the curriculum is based in teaching content 

areas as completely separate without any direct attempts to connect or transfer 

knowledge. Developing understanding of deep connections between subject areas are not 

done to increase students’ capacity to synthesize new understandings (Wicklein & Schell, 

1995). In a test-driven curriculum where students and teachers are evaluated on student 

performance based on reading and mathematics standardized test scores, teaching 

meaningful science remains a challenge. An integrated curriculum provides opportunities 
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for more relevant, less fragmented, and more stimulating experiences for learners 

(Jacobs, 1989; Koirala & Bowman, 2003; Frykholm & Glasson, 2005; Czerniak, 2007). 

In defining how to integrate math and science, White and Berlin (1992), as well as 

Sunal and Furner (1995), recommend that integration be based on how students 

experience, organize, and think about science and mathematics. Integration should take 

advantage of patterns because children, from the day they are born, are trying to make 

sense of the world. Students should collect and use data in problem-based integrated 

activities that invoke process skills that overlap content in mathematics and science. 

Implications are that instructional strategies most useful would bridge the gap between 

students’ classroom experiences and real-life experiences outside of the classroom (White 

& Berlin, 1992; Sunal & Furner, 1995). 

Based on these recommendations, teaching integration depends on the way 

students best acquire knowledge. Knowledge acquisition is an important role for not only 

reaching students during their developmental stage but influencing the teaching of 

subjects and, subsequently, the cooperative involvement of both students and teachers 

planning and learning together to modify the instruction of the end product-the students 

(Antonellis & James, 1973; Jacobs, 1989;). Educators are coming to realize that one of 

the fundamental problems in schools today is the “separate subject” or “layer cake” 

approach to knowledge and skills (Frykholm & Glasson, 2005). Often students cannot 

solve problems because they do not understand the context in which the problems are 

embedded. 

The integration of math and science encompasses a number of considerations, for 

example, teaching math entirely as a part of science, math as a language and tool for 
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teaching science, or teaching science entirely as a part of math. In addition, teachers' 

confidence level in teaching math and science needs to be addressed. In some instances, a 

math teacher may not feel prepared to teach science or vice versa. If done properly, 

integration of math and science could bring together overlapping concepts and principles 

in a meaningful way and enrich the learning context. Learning situated in such enriched 

contexts often lead to meaningful learning experiences. 

Beane (1995) defines curriculum integration as a way of thinking about the 

purpose of schools, the sources of curriculum, and the basis of knowledge. Beane 

believes in order to define curriculum integration; there must be a reference to 

knowledge. According to Jacobs (1989) and the Association for Supervision and 

Curriculum Development (1989), planning and teaching interdisciplinary lessons involve 

two or more teachers, common planning time, the same students, teachers skilled in 

professional collaboration, consensus building, and curriculum development.  

Considerations are necessary for the preparation of integration instruction. The 

integration lesson or unit should complement or support some aspect of instruction in the 

subject area. The lesson or unit should complement or support the content and/or learning 

skills in at least one other subject field. The creation of interdisciplinary lessons or units 

should be constructed in a manner that encourages students to integrate and use the new 

knowledge and skills from several areas of competence (Robinson, 1994). 

In summary, research-based practices for teaching math and science include make 

learning concrete and active. Using cooperative group work allows for use of discussion 

and inquiry to develop reflection and justification. Writing is a medium that monitors 

students’ ability to reflect on problem-solving processes and capture any connections and 
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development of new understandings. The teacher main function in helping student make 

content connection and assimilation of subject-area integration making the classroom 

norms based in understanding science and mathematics rather than invoking rote 

learning. 

Integrated Science and Mathematics Programs 

Science provides a rich context for demonstrating patterns and relationships while 

mathematics provides the language to analyze science concepts more deeply. Even 

though this connection is apparent and, likewise, beneficial for teaching and learning, “if 

teachers have not experienced integration [of these subjects], they are unlikely to 

integrate curricula in their classrooms” (Basista & Mathews, 2002, p.259). As a 

consequence, the National Council of Teachers of Mathematics’ (NCTM) Principles and 

Standards , the American Association for the Advancement of Science (AAAS), and 

National Research Council (NRC) have offered not only goals for integrating the two 

contents, but have supported the design of curricula for implementing education and 

professional development programs. These programs should enhance teachers’ 

pedagogical knowledge for learning subject matter content as integrally connected for the 

enhancement of each (Czerniak, 2007; Greene, 1991; Vars, 1991; Stevenson & Carr, 

1993; Beane, 1995; Watanabe & Huntley, 1998). 

In order for teachers “to teach in accordance with these standards, teachers [must] 

have a [deeper]…understanding” of science and mathematics content (Basista & 

Mathews, 2002, p. 360). This reform is also contingent on teachers’ beliefs and practices. 

Modification of teachers’ beliefs about integration, learning, and practices are most 

helpful in combating students’ preconceived notions of learning science and mathematics 
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integration. Teachers’ acquisition of this integration ideology must be monitored. This 

acquisition monitoring (of lesson plans and instructional practices) will inform 

researchers and curriculum developers of changes in beliefs. Curricula reform “will fail if 

teachers’ beliefs do not become aligned with the reform efforts (Basista & Mathews, 

2002, p. 360). 

At Wright State University, such a program was designed based on the directives 

set by the NCTM, AAAS, and NCR. The Wright State professional development institute 

was designed to address the content and pedagogical knowledge of teachers. It was 

determined that “a minimum time of 72 hours are necessary for significant shifts in 

teacher beliefs and pedagogical preparation (Basista & Mathews, 2002, p. 361). In this 

institute, teachers worked in collaborative groups in the development of integrated 

science and mathematics units and reflecting on pedagogical issues. Instructors of the 

professional development team-taught using the integration model as an example of 

appropriate implementation. Each unit began with a concept development and was further 

designed with a guided discovery format with opportunities for the teacher to check, 

systematically, for understanding using effective questioning techniques and to monitor 

conceptual connections developed by the students (Basista & Mathews, 2002). Before the 

end of the program, teachers were regrouped by grade level and subject to develop 

lessons that would be used in the classroom with students. The lessons were 

demonstrated to the other participants with feedback from peers and instructors. 

An important and relevant part of assessing the program’s ability to evoke 

changes in teachers’ ability to integrate the contents in planning and instruction and to 

modify percepts or beliefs in science and mathematics integration is data collection and 
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analysis. Therefore, data were collected using post-institute survey and Likert scale 

questionnaire give pre-institute, post-institute, and post-academic year. The Likert scale 

questionnaire was a modified version of the Local Systemic Change (LSC) Through 

Teacher Enhancement. “The LSC Teacher questionnaire addresses teachers’ attitude 

toward science, mathematics, and the teaching of these subjects, teachers’ perceptions 

about their preparation of implementation in content and pedagogy, and the teacher 

perception of implementation of specific teaching practices” (Basista & Mathews, 2002, 

p. 364).  

Results from the surveys indicate gains in the teachers’ content understanding. 

Teachers’ content understanding in integrated physics and mathematics increased from 

23% pretest to 92% posttest and understanding of mathematical modeling increased to 

92% from 45% on the pretest. Moreover, teachers indicate a confidence in pedagogical 

knowledge of how to implement inquiry and cooperative teaching practices. Teachers 

noted that learning in a standards-based environment allowed for them to understand 

what their students experienced in such a classroom (Basista & Mathews, 2002). 

Likert scale results indicate statistical significance in teachers’ preparedness in 

implementing inquiry-based curricula in their classrooms in comparison to how they felt 

prior to the institute. Aspects that the teachers’ perception of inquiry science and 

mathematics teaching include 

 implementing inquiry or discovery learning; 

 phrasing questions to encourage more investigations that are open-ended; 

 managing a class of students who are using hands-on manipulative 

materials; 

 using cooperative learning groups; 

 engaging students in the application of science/math concepts; and 

 Using performance-based assessment (Basista & Mathews, 2002, p. 365-

366). 
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However, results indicated that teachers might still have deficits in classroom 

management and a need for resources that support integration curricula. Moreover, the 

questionnaire indicates that teachers “perceived that students did the following: 

participated in dialogue with the teacher to develop and idea, wrote their reasoning about 

how to solve a problem, learned by inquiry, [and] engaged in reflective thinking/writing 

about what they are learning” (Basista & Mathews, 2002, p. 366). 

 The results of the professional development institute indicate that the goals were 

met. The design and implementation of their program increased teachers’ content and 

integration knowledge, which also increased pedagogical knowledge and implementation. 

The Wright State University Institute has been repeated from 1997 and 2002 with over 

240 participants. The program has not been altered except for the science and 

mathematics topics that were addressed. Consequent results have led to the development 

of graduate level courses that are now a part an Interdisciplinary Master’s Science in 

Teaching. 

Other science and mathematics integrations such as the Illinois State University’s 

STEM Education and Leadership Master’s Degree Program is designed to enhance 

students’ content knowledge and action research capabilities in science and mathematics 

education. The STEM Education and Leadership Master’s Degree Program is a three-

year program that targets increasing teachers’ STEM (Science, Technology, Engineering, 

and Mathematics)-related content knowledge, instructional practices, and student 

achievement. The STEM sequence of content courses incorporate these aforementioned 

concepts through field-based experiences and integration projects. The program is 
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designed with the goal of enabling middle and high school teachers with the skills and 

knowledge to provide high quality education so that students’ learning is increased. 

Moreover, the program extends ISU’s capacity for building connections with school 

districts throughout the state (Meier, Nicol & Cobbs, 1998). 

Another integration program exists at Rider University. The Rider University 

Bachelor of Arts Degree in Integrated Sciences and Math is designed primarily as a 

second major for students in the school of education interested in teaching science or 

math at the middle school level, and Fresno Pacific University’s Master of Arts in 

Education: Integrated Mathematics/Science Education Emphasis is yet one more 

example. 

 



 

 

CHAPTER III 

METHODOLOGY 

Introduction 

A more comprehensive understanding of what teachers understand about science 

and mathematics integration may be conceptualized by utilizing what teachers say 

integration is, their responses to situational classroom scenarios involving integration, 

and actual classroom practices. Therefore, the purpose of this study is to identify and 

describe teachers’ understandings of science and mathematics integration by utilizing 

multiple data sources such as archival data, observation, interview, and survey. In 

addition, the study sought to identify any similarities or differences of understandings 

across participants. The data collected from each participant were: three participant-

chosen integration artifacts, one classroom observation, one face-to-face interview, and a 

survey. The variety of data sources offer opportunity to triangulate each teacher’s 

definition of science and mathematics integration. 

Accordingly, this chapter outlines the methodology that was used to gather and 

analyze data. The first section of this chapter describes Setting. The following section, 

Research Design, describes the reasoning behind selecting the case study research design. 

The final sections of this chapter are description of the Participants, Data Collection and 

Analysis Procedures, and Limitations. Respectively, these sections provide a detailed 

description of the procedures for collecting data needed by the study and 

acknowledgement of the study’s flaws. The research questions for this study were: How 

do the teachers of the iSMART Master’s Degree Program define science and 
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mathematics integration? Are there commonalities and differences in how teachers of the 

iSMART Master's Degree Program define science and mathematics integration? 

Setting 

This study is situated within a graduate program called Integration of Science and 

Mathematics and Reflective Teaching (iSMART)1. iSMART is an online master’s 

program for middle school science and mathematics teachers that focuses on the 

integration of science and mathematics as a means to further develop teachers’ content 

and teaching knowledge as well as support the development of teacher leadership and 

technology skills. The first cohort of 25 science and mathematics teachers began the two-

year program in fall 2010; subsequent cohorts of 22-27 teachers have been enrolled each 

year. To date, 46 (of 48) teachers have graduated from the program and 49 more teachers 

are currently enrolled in the program. All of the participating teachers of iSMART 

were/are teaching full time while enrolled in the program, and had been teaching at least 

two years when they started in the program. 

The social constructivist theoretical framework of the program and the design-

based research behind the development decisions can be found in Lee, Chauvot, Plankis 

Vowell, Culpepper (2011) and Lee, Chauvot, Vowell, Culpepper, & Plankis, B. J. (2013). 

The significant component of iSMART that is relevant to this research is that integration 

is threaded across course assignments and program activities throughout the two years. In 

the program, iSMART teachers are expected to examine theories of learning and models 

of science and mathematics integration. Using these theories and models, participants are 

                                                 
1This program is generously funded through The Greater Texas Foundation. The opinions 

expressed in this report are those of the author and do not necessarily reflect the views of The 

Greater Texas Foundation. 
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expected to then design and to implement integration strategies into their classrooms. 

Table 1 shows examples of assignments and their summary. Complete descriptions of 

these assignments are provided in Appendix D. 

Table 1.  
Examples of iSMART Assignments 

Time Activity 

Summer 1 Integration Study Guide: Teachers are provided with nine articles (see Appendix 

C) for list of articles. Each teacher is assigned one of the nine articles and 

instructed to create a Study Guide that highlights the main ideas of the article. 

All study guides are posted on the Discussion Board. All teachers are 

responsible for reading all articles and reviewing Study Guides. 

Fall 1 TEKS Analysis Project: Teachers work in collaborative groups to illustrate and 

argue to what extent it makes sense or it is feasible to integrate science and 

mathematics under the curricula current conditions. Each collaborative group 

are to make recommendations to state education policymakers for what should 

be in place to effectively integrate the two disciplines. 

Fall 1 Integration Interview Project: Teachers are to informally interview and provide 

analysis of the data collected from at least one administrator, at least one middle 

school mathematics teacher, at least one middle school science teacher and at 

least two middle school students. The intent of this project is to find out views 

regarding integration of science and mathematics. 

Fall 2 iSMART Technology Funds Proposal: Teachers are to write explanations for 

requesting technology. 2-3 paragraphs that explains why you are requesting this 

technology and its multiple uses. At least one detailed, integrated lesson is to be 

included that show how the technology will be used and how it will support 

learning. The lesson must include integration of both science and mathematics, 

identify which TEKS that will be embedded, detail an evaluation plan and how 

effectiveness will be measured. 

Research Design 

The researcher desired a rich, thick description (Merriam, 2009). Yin (1984) 

defines the case study research method as an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context; when the boundaries between 
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phenomenon and context are not clearly evident; and in which multiple sources of 

evidence are used. The case study research design is also useful for testing whether 

scientific theories and models actually work in the real world. Case studies emphasize 

detailed contextual analysis of a limited number of events or conditions and their 

relationships.  

According to Yin (2009), case study research design should be utilized when 

research questions are in the form of ‘how?’ or ‘why?’ when the control of behavioral 

events is not necessary or desirable, and when the focus of the research is on 

contemporary events. Yin (2009) states, case study inquiry copes with the technically 

distinctive situation in which there will be many more variables of interest than data 

points, and as one result relies on multiple sources of evidence, with data needing to 

converge in a triangulating fashion. 

Therefore, to address the research question, a case study research design was 

chosen. More specifically, a collective, embedded case study approach was the most 

appropriate methodology. The embedded, collective case study approach was used 

because the main data collection came directly from the participants and the data were 

used to explore the processes of individuals (Stake, 1995). The data collected came from 

numerous sub-units of data that lend credence to the data collected from the main unit of 

study (Yin, 2009). Multiple sources of data collection from three teachers in the iSMART 

program were analyzed to answer the research questions; data sources consisted of 

iSMART course products related to integration (lesson plans and/or assignments), one 

classroom observation, a semi-structured interview following the observation, and a 

written open-ended survey. 
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Participants 

The approach for participant selection was to choose teachers using criterion 

sampling (Patton, 1990). Criterion sampling is purposeful selection of participants; it 

involves selecting samples that meet particular criteria or characteristics. In this case, one 

criterion was that the participant must be enrolled in the iSMART program at the time of 

the study. Another criterion was that the participant needed to be teaching middle school 

science and/or mathematics at the time of the study.  

Teachers in cohorts 2 and 3 of the iSMART program were invited to participate in 

this research. While four to six participants (2-3 mathematics and 2-3 science teachers) 

was desired, only three science teachers from cohort 3 agreed to participate. Cohort 3 

began iSMART in fall 2011, and this study took place during the second semester of the 

2011 school year (January – May). Hence, participants had completed one semester of 

iSMART coursework and were in the second semester of the program. The participants 

and schools were assigned a pseudonym for further data analysis and discussion. The 

upcoming sections briefly describe each participant. All three participants taught in 

suburban cities near a large metropolis in the state of Texas. Two of the participants, who 

have pseudonyms Ms. Montague and Ms. Patti, taught in the same suburban city at the 

same school. The third participant, whose pseudonym is Ms. Mike, taught in a middle 

school within a 20-mile radius of the other two participants.  

Participant 1: Ms. Mike  

 Teaching was not Ms. Mike’s initial career pursuit. She earned a bachelor’s 

degree in pure science but returned to school to acquire her certification in teaching 

science. Ms. Mike later went on to become certified in Physical Education, Health, and 
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middle grades mathematics. Before her teaching assignment that she held at the time of 

the data collection, she spent sixteen years at her previous campus. During her previous 

sixteen years, she spent two years as Teaching Coach, two years as a seventh grade 

science teacher, six years as Sixth Grade Mathematics Teacher, four years as a Seventh 

Grade Mathematics Teacher, one year as Test Preparation Teacher, and one year as Study 

Skills teacher. In addition, Ms. Mike’s other responsibilities included working with the 

district-level team writing curriculum and developing the Middle School Mathematics 

Scope and Sequence.  

At the time of the research, Ms. Mike was at the end of her sixteenth year in 

education and was in her first year at Economy Middle School teaching seventh grade 

science. There are approximately 1000 students on this campus where 58% of the 

students are ethnically classified White, 16% Hispanic 12% Asian, 9% Black, 12% 

Pacific Islanders and the remaining 3% were American Indians or other Pacific Islanders. 

Economy Middle School had become well established in one of the most affluent school 

districts in the State of Texas. This school had been labeled by the State Accountability as 

either Met, Recognized, or Exemplary over the past three years respectively. The teacher 

demographics describe teachers with experience ranging from zero to more than 20 years. 

The statistical majority of the teachers have between 11 and 20 years’ experience (45%). 

Participant 2: Ms. Montague 

 Ms. Montague was an eighth grade science teacher at Duty Middle School during 

the time of the research. She taught at the same school as Ms. Patti, the third participant 

of this study. Ms. Montague had always taught middle school science. She had taught 
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seven years in another area suburban city prior to teaching at Duty Middle School; but 

has taught in the current school district for the past ten years. 

Ms. Montague has taught eighth grade science for the entire length of her career 

except for one year. In the year in which she did not teach eighth grade, she taught 

seventh grade as a part of a looping initiative at her school. She and her cluster ‘dropped 

down’ to teach seventh grade and followed that same group of kids into eighth grade. For 

two years of her career, she functioned as a both Learning Coach and a computer literacy 

teacher. 

Duty Middle School is a new school built within the last two years after the 

completion of a planned neighborhood. There were approximately 1000 students on this 

campus where 65% of the students were ethnically classified White, 18% Hispanic 8% 

Asian, 7% Black, and the remaining 2% were American Indians or Pacific Islanders. In 

its relatively short history, Duty Middle School has been labeled by the State 

Accountability as either Met or Missed Performance Target for Mathematics. 

Participant 3: Ms. Patti 

Ms. Patti was a sixth grade science and social studies teacher during the time of 

the research and taught at Duty Middle school for seven years. She had primarily taught 

sixth grade science but had also taught seventh grade science.  

Ethical Protection of Participants 

 Prior to the study, written consent was obtained by all participants. In addition, all 

participants were assured that participation in the study was voluntary and each would 

have the right to withdraw either verbally or written from the study at any point 

(Janesick, 2004). Each of the three participants selected were invited to communicate 
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with myself to discuss the details of the study proposal, to determine their willingness to 

participate, and to clarify participant responsibility during the process. 

 Each participant was encouraged to ask questions and share concerns regarding 

participating. All participants were provided written details of the study process, 

expectations of participation, and my contact information for questions and concerns. 

Written consent was obtained from all participants. 

Confidentiality 

 In order to ensure confidentiality of all participants in the research study, several 

practices were maintained by the researcher. Real names were not used in the study and 

any identifying information was kept strictly confidential. Participants were encouraged 

to respond candidly and were assured that their specific responses would remain 

confidential. Transcripts were kept in a secure place throughout the research. The raw 

interview transcriptions and recordings, observations, and artifacts are kept in a secure 

lock-box at my home and will remain there for a minimum of five years. After which 

time they will be destroyed. 

 Collected Data 

Data resources for this study were archival data, digitally audio-recorded 

classroom observations (one per participant), field notes, a semi-structured interview 

immediately following the observation, and a written survey in response to clarify 

researcher interpretations of data from all sources.  

Data Collection Procedures 

Data collection for this case study design occurred in two phases (Table 2). In the 

first phase, archival data from the iSMART program were collected from the three 
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science teachers. With appropriate Institutional Review Board (IRB) approval, archival 

data such as lesson plans, video recordings instruction, assessments used with students, 

and iSMART course assignments related to integration were retrieved from participants 

via email. These data sources offered sources of preliminary data analyses of teachers’ 

understandings about science and mathematics integration. In addition, the video 

recordings, if submitted, and interview following the classroom observation were used in 

the stimulated-recall interviews with each teacher. These interviews invited the teacher to 

“recall concurrent thinking during that event” (Lyle, 2002). Stimulated recollection data 

accessed participants’ reflections on mental processes used during the instruction 

(Mackey & Gass, 2005). 

In the second phase, one classroom observation and one face-to-face interview 

were conducted. Observations took place at an agreed upon established time to ensure 

teacher attendance and availability. The purpose of the observation was to gather data 

about the current practice and conditions that science and mathematics were integrated 

into instruction.  

The researcher used an Observational Protocol during the observation (see 

Appendix A) as an indicator-template for collecting field notes during the observation. 

The Observation Protocol was used to focus the researcher to note observable 

instructional strategies used and ensure maximum data from as many lesson sources were 

collected. The Observation Protocol, in addition to field notes, included big ideas and 

comments related to the objective(s), requisite skills, vocabulary, resources, activities, 

extensions/enrichment, and student products/assessments.  
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During observations, the researcher noted integration strategies implored during 

lesson implementation, student products and instructional posters displayed. The 

observation protocol was used to ensure that same data was collected from each 

observation and to take field notes related to science and mathematics integration the 

lesson was implemented. 

Additionally, the classroom observation and follow-up interview were digitally 

audio-recorded. Transcriptions of the audio recordings were completed within a day in 

order to ensure accuracy of observational and interview data (Hatch, 2002). A copy of the 

teachers’ lesson plan used during the observation was collected, if not previously 

collected, as an artifact for further coding analysis.  

Table 2. 
Chronology of Data Collection 

Phase 1 Phase 2 (Cohort 3) 

Date Invitation Sent Date Artifacts Received Date of Observation and Interview 

Cohort 2 Cohort 3 
Ms. 

Mike 

Ms. 

Montague 
Ms. Patti Ms. Mike 

Ms. 

Montague 
Ms. Patti 

 1/15/2013 03/06/2013  04/9/2013  03/10/2013  04/09/2013  05/01/2013  04/30/2013  05/01/2013 

 

Data collected in the first phase were transferred to index cards for coding (per 

teacher) to identify prevailing themes. The preliminary coding of data from artifacts was 

a platform for collecting more profound information and feedback on observations and 

the interview. Coding occurred inductively during collection and after data analysis. This 

process included compilation and creation of categories and definitions of codes 

(Shenton, 2004). This system of inquiry sought to discover teachers’ perception of 

science and mathematics integration and identification of identifiers regarding 

participants’ behaviors of integration. These implications were used in developing 
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interview questions and acquisition of additional data necessary in triangulating teachers’ 

perception of integration.  

Hence, not only did the research pose probative questions during the interview, an 

additional written open-ended survey was completed with the intent of informing the 

researcher data analysis in determining teachers’ understanding about teaching in an 

integrated manner. The interview and survey offered opportunity to clarify interpreted 

themes and to enhance the researcher’s analyses of documents and observation questions. 

Archival Data 

 Participants were asked to select three pieces of archival data used for, or during, 

or in preparation for, science and mathematics integration lessons. This was done at the 

participants’ convenience due to the physical distance from the researcher. Archival data 

consisted of lesson plans, video, iSMART assignments, activities, and assessments that 

were or would be used in science and mathematics integration lessons. By allowing the 

participants to choose, the researcher was able to get a sense of what each participant 

perceived integration to be.  

Observations 

 Classroom observations were conducted between April 30 and May 1, 2013. All 

classroom observations (one per participant) were scheduled with participants at the onset 

of the study and confirmed the week prior. The observations were of lessons identified by 

the participants as science and mathematics integration lessons. Observations lasted 45 

minutes. Ms. Mike’s lesson was the use of central tendencies to make predictive 

correlation between the magnitude of earthquakes and the effects of earthquakes on the 

ecosystem (death tolls). Ms. Montague’s lesson was about using tree leaves’ surface area 
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to determine its capacity for producing sugars used in photosynthesis. Ms. Patti’s lesson 

was a lesson on categorization of animals into Kingdoms and Phyla. 

 The researcher used an observation protocol (see Appendix A) to systematically 

document each lesson. The protocol allowed the researcher to collect data on the student 

objectives, requisite knowledge identified by the participant for students to learn the 

current content, relevant vocabulary, resources and materials used during the 

implementation of the lesson, identifiable student activities, extension and enrichment 

activities, and student products that were expected outcomes of the lesson. 

Interviews 

 One face-to-face interview was performed with each participant following the 

observation. Face-to-face interviews were conducted using the Interview Protocol 

(Appendix B) immediately following the lesson observation. The Interview Protocol was 

used to ensure that similar information was acquired from each participant. The interview 

was approximately 20-30 minutes long, and was audiotaped. The interviews were 

conducted to develop a clearer understanding of what happened during the lessons and to 

clarify observed behaviors. Stimulus recall questioning was used to ascertain more 

information regarding specific strategies, teacher comments, and modifications during the 

lesson implementation. In addition, the researcher formulated an individualized written 

open-ended survey for each participant via email for clarification regarding the artifacts, 

observation, and observation interview. 
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Field Notes 

 Field notes consisted of notes written by the researcher during the observation and 

interview. Notes included information related to science and mathematics integration 

practices and comments made regarding integration.  

Data Analysis and Interpretation 

According to Lincoln and Guba (1985), the essential tasks of categorizing are to 

bring together into provisional categories that apparently relate to the same content. 

Therefore, data collected from the teacher observations and interviews were transcribed, 

and the data unitized and categorized. Categories began to emerge from the data and each 

category was assigned a color for further analysis to identify emerging themes when 

triangulating the data from archival data and the survey. The categories of data were 

through iterative color-coding and sorting into preliminary themes.  

The open coding process followed Merriam (2002), Hatch (2002), and Cresswell 

(2007). The raw audio data and transcripts were reviewed several times and separated 

into categories. Categories were separated and relevant data were grouped together. Data 

were then organized with each of the emerging themes. 

Each theme was then sorted again and divided by participants. The three themes 

were identified in the transcripts and artifacts for each participant. Reviewing the data 

over time in relation to the theme and participants allowed the researcher to identify how 

each participant exhibited her understanding of science and mathematics integration. The 

themes emerged from the sorting observations and interview data with the archival data 

and survey data.  
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Triangulation of data is crucially important in naturalistic studies (Lincoln & 

Guba, 1985). According to Stake (1994), triangulation is a process of using multiple 

perceptions to clarify meaning, verifying the repeatability of an observation or 

interpretation. Stake (2006) states triangulation assures key meanings are not overlooked 

and that “each important interpretation is supported by the data gathered and not easily 

misinterpreted by readers of the report. For this study, the interview data were to be 

triangulated with the other sources of data collected.  

Within each case, an analysis provided a detailed description of each case and 

themes within the case (Creswell, 2007). Assertions were made to interpret the meaning 

of the case studies (Creswell, 2007). After data from the observations and interviews 

were color-coded, sorted, and categorized, the researcher used triangulation of the 

observation data with the additional data collected through the interview, survey, and 

archival data. This process was a matching process. That is, the researcher color-coded 

and sorted the data from the additional data sources (survey and archival data).  

Emergent theme titles were developed distinguishing each theme from the others 

(Erlandson, Harris, Skipper, & Allen, 1993). Continual revision, modification, and 

amendment were used until all data was classified into an appropriate theme.  

The data gathered was then cross-referenced with the Integration Ladder proposed 

by Harden (2000) to determine the level of integration that has taken place within each 

individual context. As was discussed in Chapter II, Harden’s Integration Ladder consists 

of eleven levels: Isolation, Awareness, Harmonization, Nesting, Temporal Co-ordination, 

Sharing, Correlation, Complementary, Multi-Disciplinary, Inter-disciplinary, and Trans-

disciplinary.  



35 

 

 
 

Limitations of the Study 

 A limitation of case study is sampling. It is more appropriate to select a large 

number of participants for validity. Sampling, in this case study, was not random, and 

placed less emphasis on arbitrariness. This, likewise, does not yield the generalizable 

results that offer broad insight on a particular phenomenon. Furthermore, because the 

sample is small and idiosyncratic, and because data is predominantly non-numerical, 

there is no way to establish the probability that data is representative of some larger 

population. Cutting corners on either of these facets is likely to weaken the value and 

credibility of any findings produced. According to Stake (2006):  

The benefits of a multi-case study will be limited if fewer than, say four cases are 

chosen, or more than 10. Two or three case studies do not show enough of the 

interactivity between programs and their situations, whereas 15-30 cases provide 

more uniqueness of interactivity than the research team or readers can come to 

understand.  

There were additional limitations within this study. For example, all three 

participants were science teachers. Therefore, the perspective of the findings are partial 

because of the lens by which these participants view integration understandings and 

implementation integration strategies implemented in instructional practices. The 

researcher should be careful in deciding what questions to ask, and how to ask them, 

what to observe and what to record. The research drew out issues of interest from the 

data, and construct descriptive narratives about those issues and/or people. The research 

proposal’s design called for at least two mathematics teachers and at least two science 

teachers to combat this issue. However, only science teachers responded to the call for 
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participants. The participant were be allowed to respond to questions without 

supplemental input from the researcher as not to influence or direct the feedback. 

Consequently, any interpretations were be based upon the participants’ experiences but 

rather, the researcher’s beliefs and understandings. In order to overcome the potential for 

bias, the researcher bracketed his bias, opinions, and ideas so that they were not part of 

the data collection and the data interpretation process. 

 

 

   

 



 

 

Chapter IV 

FINDINGS 

Data were collected through one classroom observation of each participant, 

interviews, archival data or artifacts, and field notes. Three major themes emerged from 

the observations, interviews, and artifacts. This section will address each of the research 

questions and elaborate on the themes in relation to each of the participants is described 

in detail. Finally, a summary is provided after each theme to clarify and explain the 

contributing facts that led to the identification and description of teachers’ understandings 

of science and mathematics integration and in determining any commonalities or 

differences in how these practices were exhibited. 

Theme 1: Integration as a catalyst for increasing student motivation for learning 

each content 

 Observations and artifacts revealed that two of the three participants used science 

and mathematics integration as a means of increasing student motivation to learn subjects 

in an interconnected, meaningful way. The third participant used interesting ideas from a 

previous field trip to focus students, but did not connect mathematics to science as a part 

of the introductory activity.  

 Participant 1: Ms. Mike 

Observation. 

Ms. Mike titled her observed lesson for her seventh grade science class 

Catastrophic Events and Earthquakes. The objective for the science lesson was for 

students to predict and describe how different types of catastrophic events, such as 

earthquakes and their effect on the ecosystem’s death toll. In addition, the state science 
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standard asks students to use measures of central tendency to predict impact and severity 

of future earthquakes. Noted in the lesson plan, the teacher chose the mathematics state 

Student Expectation that asks students to describe a set of data using mean, median, or 

mode. Explicitly, students were to use the measures of central tendencies (mean, median, 

or mode) to make inferences and develop convincing arguments based on an analysis of 

the given set or collected set of data; and to make predictions based on the analysis of the 

data. With these data, students would make predictions about the resulting death toll 

based on the magnitude of an earthquake. 

The lesson plan distinctly stated the teacher’s intention to “discuss the impact that 

[earthquakes] (EQ) have on ecosystems, including death, property loss, or other impacts.” 

Specific instructional input was not outlined in the lesson plan. However, the lesson plan 

noted that the teacher would present a YouTube slideshow on earthquakes and their 

devastating effects. The slideshow showed before-and-after-earthquake views of the same 

terrain. In showing the YouTube slideshow, students were given examples of the 

potential devastation caused by earthquakes. Ms. Mike stated, in the teacher’s notes for 

this lesson’s plan, showing the slideshow was implemented to evoke an emotional 

response and to make a personal connection for the students. This was done to activate 

prior knowledge and personal experiences with earthquakes.  

Ms. Mike’s lesson plan did not specifically state the purpose for using the 

slideshow. She listed the activity as an introductory activity to focus students for the 

lesson. However, the day’s agenda was placed on the whiteboard. In that agenda, she 

listed each phase of the lesson and described its purpose. She listed the items first starting 

with the slideshow presentation, with reflection. Next, a review of the science of 
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earthquakes, vocabulary associated with earthquakes, and the results of earthquakes. 

Third, a mini lesson was planned to review measures of central tendency (mean, median, 

and mode). Finally, data analysis was to be used to describe the impact of earthquakes on 

the death toll. That is, the students were to make predictions of the number of human 

fatalities based on the measured earthquake magnitude on the Richter Scale.  

Once the students were seated, Ms. Mike explained that she had a slideshow to 

share with them. Ms. Mike did not offer much more as far as an explanation before 

slideshow begin. She started the slideshow, and she allowed it to proceed without verbal 

interruption or commentation from herself. As the slideshow proceeded some students 

audibly gasped, others pointed and shook their fingers at the screen, and, yet others, 

whispered to fellow classmates. As the accompanied music in the slideshow faded away, 

there was a whole group discussion. The discussion and noted outward reactions from the 

students, offered evidence that the students did have emotional and personal reactions to 

the before-and-after visuals of earthquakes and their devastating effects. Immediately at 

the end of this discussion, Ms. Mike posed the question: “[Has] anyone ever been in an 

earthquake before?” With this question, seven students immediately raised their hands, 

almost in unison, indicating that they wanted to recount personal and retold stories, of 

family and friends, of earthquakes.  

The narrations included recounting damage to homes, cars, land, and other 

property; and, in some instance, public works services. In addition, students that were not 

involved in an earthquake or were able to recount stories told to them were able to offer 

thoughts on imaginings of experiencing an earthquake. The students described these 

experiences as times of feeling helpless because there was no warning that the earthquake 
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was going to occur, there was no time to prepare emotionally or physically preparation, 

there was no apparent escape or shelter from the earthquake, and there was no way of 

escaping the shaking ground.  

 After hearing four or five recollected earthquake-experience stories, Ms. Mike 

stated her purpose for the lesson: “So, today what we’re going to do math.” She 

explained the objective was to use measures of central tendencies, calculated from 

current data collected on earthquake magnitudes and their individual death toll rate, to 

predict the death tolls caused by an earthquake of any magnitude. Ms. Mike explained 

that she wanted them to be able to use central tendencies to predict death tolls based on 

an earthquake’s reported magnitude. Likewise, Ms. Mike developed a student objective 

that attempted to show the ability to predict mortality rate just from knowing the 

earthquake’s magnitude. 

The majority of the students did not offer personal or recounted stories of others’ 

earthquakes experiences. Ms. Mike made a transition into the elaboration phase of the 

lesson by posing the question: “[Has] [a]nybody seen the movie 2012?” An additional 10 

students, who had not verbalized experiences with earthquakes, raised their hand as an 

affirmative answer to the question. Additionally, these students were able to verbalize the 

effects of earthquakes. Similarly, these additional students were able to personalize, if not 

imagine, the feeling of helplessness and the devastation to livelihood and life expectancy 

that earthquakes often create. 

Interview and Survey. 

 During her face-to-face interview following the observation, Ms. Mike referred to 

an article written by Lonning & DeFranco (1997). She surmised that integration should 
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enhance the meaning of the concepts. Ms. Mike extended that notion to not only the 

meaningfulness which concepts to integrate; she also extended it to the meaningfulness of 

the curricula to the students. She explained that one way of making the concepts more 

meaningful is to evoke genuine interest and desire to integrate. She continued explaining 

that using “things that students find personally intriguing” may lead students to be 

motivated to learn both subjects together. She has determined that the most effective 

motivational topics would make integration holistic. In addition, Ms. Mike expressed that 

often students’ motivation is the desire to be efficient in learning. That is, integration is a 

way to, per verbally, “kill two birds with one stone.” 

The researcher posed a question, during the interview about what was meant 

about students being motivated by efficiency. Ms. Mike elucidated in response that even 

though integration is not always possible, mathematics skills such as organizing data, 

calculations, tables, and graphs are useful in science. Likewise, encouraging students to 

“make connections between math and science gives students the tools to learn both 

subject areas better… in the long-term.” Ms. Mike also appended, using integration is 

motivating for students that are learning both subject areas but also motivational for 

teachers instructionally because teaching the subjects in this manner is done to enhance 

students’ understanding of concepts. The instructional benefits, Ms. Mike offered, 

supports reasoning, problem solving, and efficiency in teaching. Knowledge transfer and 

knowledge application of skills are aptitudes that teachers need students to have in order 

to analyze, to generalize, to draw conclusions, and to synthesize new ideas. She 

commented that concepts may not necessarily overlap, but skills do. Moreover, by 

motivating students to learn each, science and mathematics concepts collectively, 
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enhance both. Ms. Mike has determined that students, over time, have found the 

practicality in integrating mathematics into science and vice versa and find the 

importance of learning both subjects concurrently is a benefit for learning and 

understanding each subjects.  

Lesson Plans. 

In addition to the observation, the researcher analyzed the lesson plans to 

determine if the assumption that Ms. Mike used integration as a means of evoking 

genuine stimulation to integrate science and mathematics. Ms. Mike’s two additional 

submitted archival lesson plans indicate evidence that integration was planned for as 

means of increasing students’ motivation to learn science and mathematics. Ms. Mike 

integrated, in her genetics unit, proportional reasoning, patterns, and probability into her 

Genetics Unit. Proportional reasoning, in conjunction with pattern identification and 

probability, were incorporated to of determine the passing of genetic characteristics from 

parents to offspring. She stated, in her interview, showing students how knowing 

concrete probabilities learned in mathematics class could be used to understand a more 

abstract concept like genetic heredity. In addition, she thought students would find 

interest in determining how mathematical probability played a part in their own physical 

traits such as eye color, height, and eye color. 

 Participant 2: Ms. Montague 

 The observation, interview, and artifacts showed that effort was put in by Ms. 

Montague to make science and mathematics integration to increase students’ learning of 

both contents.  
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Observation. 

Ms. Montague demonstrated a point of interest to motivate and to introduce the 

lesson, and to focus the students on the topic for the day. Ms. Montague, noted in her 

lesson plan, planned a primary statement to begin the discussion, which was written on 

the whiteboard as the students entered the room: “I can tell you which leaves have the 

capacity to create more sugar because I learned how to estimate the surface area of a 

leaf.”  

Even though the statement was on the whiteboard as the students entered, it was 

apparent that this question was an objective that could only be answered when the class 

had ended because the students would need to know the surface areas or they would need 

to know the number of chloroplast of the leaves. The statement offered students a hook to 

attach the day’s learning experiences. In most cases, students referred to chloroplast 

because chloroplast is the catalyst by which sugar is converted into energy for the plants 

survival. Ms. Montague redirected the students by explaining that the answer would come 

by performing the day’s lesson. During the lesson, Ms. Montague’s identified 

opportunities for students to compare and contrast terminology used in science and 

mathematics classes. 

Interview and Survey. 

 Ms. Montague stated in the interview that she most desired to use students’ 

personal experiences to motivate them to participate actively in activities. For example, in 

her lesson titled How would you Create a Firework?, the teacher utilized the students’ 

personal experiences with fireworks to gain an emotional, yet motivational connection. 

Therefore, the students’ experiences with sparklers or other fireworks were used as 



44 

 

 
 

introductory impression to draw the students into the lesson that would require them to 

design a firework. The students would design their own firework showing a before 

drawing and predicting the results after igniting and its subsequent explosion. 

Ms. Montague, in planning lessons, reflected on the introductory phase of a lesson 

based on the Necessity Principle. In her survey responses, Ms. Montague described the 

Necessity Principle as a mechanism that ensures that the students have a reason to take 

ownership of their learning. The teacher should anticipate the students’ question “Why do 

we need to learn this?” She continued to expand her explanation to state that conceptual 

meaning and motivation should be not only be anticipated but it also should be planned 

for to maintain students’ connection to the concepts being taught. Ms. Montague added 

that teachers should identify activities that increase student engagement, and teachers 

should monitor lesson plans based on students’ feedback during the lesson for 

opportunities that may decrease the engagement or make the connections between the 

science and mathematics concepts. 

 Another example that Ms. Montague offered evidence for motivating students to 

integrate science and mathematics was her lesson submitted on carbon foot printing. The 

lesson plan had objectives that supported students discovering relationship between the 

number of trees needed and carbon dioxide emissions from humans and other sources. 

Ms. Montague stated that this lesson was meaningful to the students in planning a school 

garden. The students needed to know what number of trees would be necessary to remove 

carbon dioxide and replacement oxygen production by the trees. A part of the lesson 

required that students collect circumference data from trees to calculate carbon biomass.  
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As a part of the carbon-printing lesson, students were to perform a calculation that 

involved the laws of exponents. She noted students’ frustration in dealing with the 

calculation, which diminished the students’ positive momentum. Therefore, Ms. 

Montague modified the lesson to exclude the exponent by rewriting the equation. Ms. 

Montague said that the students found the mathematics cumbersome and were losing the 

connection of science and mathematics and were starting to get bogged down in the 

mathematics. Ms. Montague determined that there would be plenty of opportunities for 

the students to support mathematical skills but wanted to ensure that students knew that 

there was a purpose for knowing the mathematics. Ms. Montague said that she believed 

that her purpose had been achieved – the mathematics is needed to answer the scientific 

questions related to carbon printing. She explained, “The students now knew, from 

integration lesson, the necessity of knowing each [subject area concepts] to better 

understand both [subject areas].” 

 Ms. Montague stated that it is time consuming to plan lessons that motivate 

students to connect science and mathematics but worth it. She continued by stating the 

benefits are worth it because "students begin to see how effective it is to understand the 

science by knowing how the concepts connect, even if intricate understanding of the 

mathematics skills are not fully understood. She surmised that the students, then, have a 

reason to know the mathematics so that they are complete the science (draw a conclusion 

or complete a calculation). Ms. Montague make a sweeping generalization that knowing 

the students interests can support curriculum alignment possibilities, which she identified 

as connections that are relevant for helping students see the need to know each subject 
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area and why they are important to each other. That means using the students’ 

experiences that are entertaining or meaningful in some type of way.  

Ms. Montague capitalizes on emotional and personal interests and excitable topics 

to introduce her lessons. These personal connections would hook and focus students on 

the subject areas that would taught. She adds in her interview that she has used current 

events, such as Hurricane Katrina, and societal happenings to address curriculum to 

integrate science and mathematics. She continued by stating that she would capitalize on 

these events as ways of increasing student engagement and creating positive momentum 

of the lesson. 

Lesson Plans. 

An additional example of Ms. Montague’s using motivation to support students’ 

interests in integrating science and mathematics exists in her lesson Developing a Model 

of Earth’s Inner Structure. For this lesson, Ms. Montague used students interest in 

movies viewed for entertainment but has scientifically accurate concepts. She showed 

clips from the 1959 and 2008 versions of Journey to the Center of the Earth. She 

challenged students via the movie clips about the level of accuracy of the movie and their 

individual knowledge of the inner structure of the Earth. The introductory questions 

challenged their knowledge: “How sure are you that that description [in the movies are 

accurate]?” and “What evidence in the clips that helped you to create the description [of 

the inner structure of the Earth]?” 

 The students used references in the clips to draw sketches of the inner layers of 

the Earth. Ms. Montague identified in her lesson plan for this activity that the students 

would identify a fruit that would best be used as a model for the Earth layers and to 
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justify the selection of the fruit as it relates to its ability to describe the layers. The 

mathematics connections were not as assertive as other lessons that required detailed, 

intricate calculations but definitely required that students use mathematics skills of 

estimation for the thickness of each layer or structure. This skill and subsequent data 

would be used to build a model using proportionality as a device.  

 Participant 3: Ms. Patti 

 Contrary to Ms. Montague and Ms. Mike, an analysis of observations, interviews, 

and artifacts revealed that Ms. Patti still struggled with designing lessons that embedded 

science and mathematics integration.  

Observation. 

Ms. Patti taught a lesson on categorization of the kingdom and phyla of animals. 

When the researcher entered the classroom, the students were working on electronic 

tablets to complete expressions as a warm-up activity. Ms. Patti informed the researcher 

during the interview that the students’ prompt was a reflection of the field trip that was 

recently taken, which aligned with the agenda posted on the white board.  

The students verbally recounted favorite exhibits from the Museum of Natural 

Science. Ms. Patti asked the class, “Which exhibit was your favorite?” One student 

exclaimed that his favorite was the Sports Hall, as other young men emphatically agreed 

verbally. Ms. Patti did not probe why it was their favorite or to extend any science skills 

or mathematics concepts that would be attached to any of the sports. Instead, she 

responded, “I figured that many of the boys would like that.” The researcher did not 

observe any question or comment to connect or use the students’ excitement about this 
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exhibit to motivate them to learning science and mathematics concepts that are innate in 

sports. 

 Another student chose the Tornado Exhibit as her favorite. Again, there was no 

observed question or redirection of the student’s favorite exhibit to motivate students in 

making connections of science and mathematics concepts. Ms. Patti did not respond 

when additional students shared their favorite exhibits. She went on with the next phase 

of instruction saying, “We stopped last week with the Animal Kingdom which is the 

domain; it has nine phyl[a].” Ms. Patti did not make any observable attempts to use 

student motivation as a catalyst for increasing learning of science and mathematics 

contents as connected subject areas, when it was apparent, based on students physical and 

verbal reactions, that the students had experienced or had been exposed to concepts that 

each found exciting. The researcher did not observe questions or responses by Ms. Patti 

to connect students’ excitable reactions to the exhibits to the day’s lesson on kingdoms 

and phyla or other conceptual connections between the subject areas. She abruptly 

changed the subject to the planned objective. 

Interview and Survey. 

In the interview, Ms. Patti confessed to being a structured perfectionist. Being 

rigidly structured does not allow for much divergence from the written science 

curriculum. Even when completing assignments for the iSMART program, she found it 

difficult to align mathematics and science Student Expectations and that would 

“implement integration with real justice.” 
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Lesson Plans. 

The researcher did not observe or note any evidence in Ms. Patti’s lesson plans 

that showed the use of student interests or emotional connections to engagement student 

learning of science and mathematics in an integrated manner. In written survey, Ms. Patti 

said that she needed more examples of how to implement science and mathematics 

integration and to see more examples of what integration looks like in the classroom. She 

has requested that a learning coach come and perform a model lesson.  

Until she has had more experiences with designing integration lessons and has 

seen implementation modelled, Ms. Patti will continue instructing her classes using the 

district’s science curriculum, which does not emphasize integration strategies. For 

example, the lesson plan on Heredity posed the question, “There are over 6 billion people 

on the Earth, and no two are the same. Have you ever wondered how this happens?” Even 

though this focus may show potential for being motivational in piquing students’ 

curiosity about heredity and genetics, it does not necessarily evoke motivation to 

integrate science and mathematics. Even if it does evoke motivation for integration, the 

researcher did not observe a question, comment, or activity that made the connection to 

the vocabulary development activity. Ms. Patti’s lesson plan, in this instance, showed the 

next phase of the lesson for science vocabulary development related to heredity and 

genetics.  

Additional lesson plans submitted by Ms. Patti offered evidence that she followed 

the district’s science curriculum. Her Properties of Matter lesson plan student objectives 

included defining matter, describing how volume and mass are measured, comparing 

mass and weight, and explaining the relationship between mass and inertia. The 
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introductory activity asked that students identify an object in a bag using touch, smell, 

and hearing only. The students would write down any properties of the object. An 

animated video modeling using the formula for calculating volume of a cylindrical 

vessel. For the independent practice, students were to practice using the given density 

formula in its original format (Density = mass divided by volume) and the given 

transformed equation for calculating mass and volume. In addition, students were to 

compare, after calculating, the densities of different substances. 

In Ms. Patti’s Life in the Environment lesson plan, the introductory activity asked 

that students analyze the result of removing an organism from the sample food chain. 

This activity introduced students to the objectives: Recognize and name the five levels of 

the environment, identify components of the ecosystem to which organisms may respond, 

and explain how organisms respond to the environment. The indicated Math Beak 

identified in this lesson plan was to devise an Energy Pyramid and to calculate the energy 

transference from each level to the final level, in this pyramid, if each level used nine-

tenths of the energy received from the previous level. The initial level received one-

thousand units of energy from the sun. 

 In summary, the data revealed that Ms. Mike and Ms. Montague designed and 

taught their lessons to use students’ motivation as a catalyst to learning science and 

mathematics concepts. Ms. Mike and Ms. Montague used points of motivation and 

interest to begin their lessons. However, the chosen points of motivation for the lessons 

were conceptually connected to the lesson in which the students would participate for the 

day. 
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Ms. Mike used personal experiences and recollections of earthquakes to draw the 

students into the objective (and the plausibility of determining the effects of the 

earthquake based on its magnitude) in the observed lesson and additionally submitted 

lesson plans, while Ms. Montague used students’ previous activity to create a connection 

to learning surface area and its correlation to a tree’s survival (the leaf collected was 

individually selected by the student, which adds intrinsic motivation for learning more). 

However, Ms. Patti began class, in observation, with notions that students found exciting 

and interesting, from a field trip they had previously taken, but these points of interest 

and excitement were disconnected from the day’s objective and the tasks that students 

would perform that day. Ms. Patti’s observed lesson was did not have any observable 

evidence of use of connections, excitement, or personal experiences to motivate students 

to learn mathematics. Ms. Patti’s submitted lessons were district-prescribed and were 

followed as written with math used and not necessarily modified to show the connections 

between the science and the mathematics to motivate students to learn each subject area. 

Her lesson plans showed the use of mathematics arithmetic skills. 

Theme 2: Mathematics is a means of analyzing scientific data and to enhance the 

explanation of scientific conclusions 

 Mathematics as a means of analyzing scientific data and for enhancing the 

explanation of scientific conclusions emerged as a theme from the data collected from 

observations, interviews, artifacts, and field notes. These data revealed that the 

participants focused on making meaning of science using mathematics as a means of 

analyzing the data. 
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Data revealed two participants engaged students in activities that emphasized 

connection of science and mathematics as integral for understanding the other subject 

area. The observation was used to document and monitor the teachers and students’ 

activities throughout the lesson. Activities were assessed for the science and mathematics 

connections: Responses or reactions to student interaction and science and mathematics 

content integration. These data aligned with participant responses to interview questions. 

Participant 1: Ms. Mike 

 Ms. Mike offered evidence that shows intent in engaging students in data analysis 

that required an understanding of science concepts. Ms. Mike’s notes in the Catastrophic 

Events and Earthquakes lesson plan explained that she put extra effort to identify data 

events related to natural disasters that would have enough data available to assist students 

in determining the use of measures of central tendencies and their ability to draw 

conclusions about the scientific concept, ecosystems. Indeed, she noted in her lesson 

plans that there was a large amount of numerical data available on earthquakes than other 

natural disasters. In both the interview and survey, Ms. Mike was able to confirm that 

integration will not occur daily but could occur frequently within most instructional units. 

She deemed this lesson on Catastrophic Events and Earthquakes an area in the 

instructional unit where integration could occur.  

Observation. 

 In addition to identifying a topic that had a large amount of numerical data, Ms. 

Mike also made teacher’s notes in the description of the lesson plan to clear up any 

misconceptions regarding measures of central tendencies because “students get confused 

by the different measures of central tendency.” Ms. Mike’s attempt to create a lesson that 
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integrated science and mathematics also aligned with her goal of integrating “when it 

comes naturally.” That is, she designed a lesson that would show students how 

mathematics is used in the real world to explain how society prepares for disasters such 

as earthquakes, which she stated as she explained the purpose of the lesson to the 

students. She continued with her explanation that prediction and response decisions, and 

subsequent ecological effects (in this instance, death tolls) of disasters, are made by 

scientists as the result of mathematical calculations and conclusion making based on 

analyses of the outcomes. “These calculations are also used in the decision making 

process by emergency management services when determining which resources are 

needed and how the resources are dispersed after an earthquake occurs.” As Ms. Mike 

monitored the students’ work during their independent practice, she posed the questions 

of the students, “So which central tendency would you use to get more money to develop 

architectural support systems?” or “Which one would you use to determine how much 

money to request for EMT support?” After completing the calculations of the measures 

of central tendencies, students were able to give their opinion about which central 

tendency would be most appropriate in drawing conclusions about the ecological 

consequences on death tolls. 

Interview and Survey. 

  Ms. Mike revealed in her interview and in her written survey response that she 

defined science and mathematics integration as an aligned curriculum so that math and 

science concepts complement each other in a way that learning is enriched. The topics are 

not just interwoven “just because” or “just to do it” – the connectedness of the disciplines 

actually has a purpose where enhancement of a topic occurs. When asked to expound on 
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the enhancement of the topic, Ms. Mike identified measures of central tendencies, 

earthquakes, and ecology showed an ability to enrich the understanding and relevancy of 

each as fundamental pieces in drawing a conclusion about the importance of knowing 

how earthquake magnitude and ecological effects converged; and the convergence is 

more apparent and meaningful with the mathematical analysis of the data. 

 In her survey, Ms. Mike noted that even though the lesson Catastrophic Events 

and Earthquakes was designed as an activity with a purpose to specifically use numerical 

data of magnitude and death rates from previous earthquakes to predict correlative 

predictions of death tolls with known earthquake magnitude. She mentioned that she was 

concerned about whether central tendencies would help students understand the impact of 

earthquakes on the ecosystems. Therefore, she prepared the lesson and implemented the 

lesson with the desire that students would describe a set of data using mean, median, and 

mode. In the introduction, Ms. Mike posed a question, “Why can’t I find the effect on the 

economy?” At this prompt, the students were able to make suppositions that calculating 

the effects on the economy would be more dynamic than using central tendencies to 

calculate the influence on death tolls. 

 Student responses, as reflected by Ms. Mike during interview, indicated that 

students had the capacity of determining that data analysis could be used to determine the 

effects of an earthquake. Ms. Mike, based on previous interactions with students, 

determined that the students would be able to perform the calculations of the central 

tendencies. Ms. Mike written response to survey question, “What specific strategies do 

you employ when implementing integration?” In her response to this question, she 

decided to “seek out a lesson in science where [she] knew that [students] could work the 
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math.” In addition, Ms. Mike in her written survey (question: “What are areas of 

challenge when it comes to integrating science and mathematics?”) stated that she has an 

understanding of the mathematics curriculum and what students are supposed to know. 

Therefore, she confessed that she probably went too deep into the earthquake knowledge 

she continued by saying that “in order to apply the measures of central tendency [she] 

had to take the earthquake material a little deeper than other teachers took it.” 

As a result, Ms. Mike stated in interview that she designed this lesson so that 

students can acquire an understanding of how measures of central tendencies supports the 

science of ecosystems. As a result, death tolls of a specific magnitude earthquake could 

be determined, which offers the ability to predict using measures of central tendencies. In 

addition, Ms. Mike said that she was also able to extend the lesson so that students would 

have an understanding of how scientists, politicians, and emergency management 

officials select and use measures of central tendencies as a means of describing the 

earthquake and the consequent request for resources or funding.  

 Ms. Mike’s reaction during the interview revealed that she reflected on methods 

that would have further enhanced students’ ability in understanding of how the 

mathematics described the science concept of ecosystems. She reflected that graphs could 

make the conclusions visually clearer or more precise for the students similar to using 

probability (or fractions) to enlighten students’ understanding of genetics done in a 

previous lesson. 

 Ms. Mike continued to expand her reflection indicating that it made sense that 

integration captured the relevance and meaning science and mathematics concepts, 

especially in cases where students have personal connection. Having a personal 
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connections and relevancy for learning science and mathematics motivate students to 

want to know more and to have a new understanding of the concept. 

Lesson Plans. 

 Ms. Mike stated that if mathematics classes were teaching multiplication of 

fractions and using proportionality or probability, then the science classes should be 

teaching genetics and Punnett Squares. Ms. Mike summarizes, “In science, we do not 

refer back to previous learning very often and it definitely isn’t a building block for new 

information.” By teaching these concepts simultaneously, she feels that students would 

see the need to understand the probabilities as a means of explaining the science of 

genetic probability. In addition, she encourages that science and mathematics teachers 

should use the same terminology and pneumonic devices. By following these norms, 

students will acquire mathematical skills that can be universally used in understanding 

scientific concepts; and students would be able to use the mathematics skills with 

fluency.  

 Ms. Mike, in her written survey, offered additional data about other lessons that 

she had implemented that informed the researcher of the teacher’s use of mathematics as 

a means of analyzing data to elevate explanations of conclusions or generalization made. 

She stated that the two subjects when used in concert support the bigger concepts and 

ideas. She has used connections to enhance students’ understanding of the indirectly 

variant relationship between force and distance. Using data from data collection and 

calculations, students were able to determine that as force increased by a specific amount, 

and then the distance will decrease indirectly. Students were able to draw a conclusion 
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that simple machines make work easier by decreasing the force necessary to move 

objects further than without the simple machines. 

 The researcher, when analyzing Ms. Mike’s lesson plans, identified additional 

evidences that supports this participant’s goal to show mathematics as a means of 

analyzing data and drawing scientific conclusions. For example, in her Body Systems 

lesson, the objective was to show the effects of smoking on the respiratory system. The 

lesson used surface area or, in this case, damaged surface areas in the alveoli and their 

ability to maintain healthy volumes of air in the lungs. In her lesson on Binary Fission, 

students calculated exponential growth of bacteria for a given time. Both of these lessons 

included students having to identify the independent and dependent variables graphing 

and, likewise, using the graphs to draw a conclusion about the science concept. 

 Participant 2: Ms. Montague 

Observation. 

 Ms. Montague designed a lesson titled Surface Area vs. Chloroplast that asked 

students to estimate the surface area of a leaf, which affects a tree’s capacity to create 

sugar. She noted in her lesson plans that students needed to have knowledge of 

chlorophyll, chloroplast, and surface area to complete the task. The students’ knowledge 

of these topics would focus data analysis on the connection of surface area to logically 

explain photosynthesis and how the number of chloroplasts in the leaf may effect 

photosynthesis. 

 During the lesson’s implementation, Ms. Montague challenged students’ prior 

knowledge with the question, “Are there some types of trees that photosynthesize better 

than others?” The students’ response, “Yes, because different amounts of chloroplast is 
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going to affect the ability to produce sugar.” Students now needed to know if the amount 

of chloroplast was predictably correlated to the surface area of a leaf. Students, from this, 

were able to generate a testable hypothesis that there is a connection between the amount 

of chloroplast, in this activity correlated to surface area, and sugar creation was made. In 

addition, the lesson was designed to include comparisons of tree types and their potential 

in producing sugar. The comparison was to use calculated leaf surface area and number 

of chloroplast expected for photosynthesis to take place to draw a complete, data based 

conclusion. Throughout this lesson, Ms. Montague directed students to use mathematics 

in order to “better explain” the science of photosynthesis. She posed questions such as 

“How does the surface area help in determining the number of chloroplasts?” and “Do 

you think there is a connection between leaf shape and surface area in determining the 

number of chloroplasts?” 

Interview and Survey. 

Ms. Montague, in interview emphatically stated, “Integration should be seamless 

and include real-world situations.” She desired to keep the students motivationally 

attached to the integration. That is, using the data analysis to enhance the understanding 

of the science concept. 

Even though, Ms. Montague and Ms. Mike’s statements regarding integration 

practices and implementation were similar. That is, integration cannot “be done the entire 

year [without] losing the depth and rigor as when teaching them separately.” Moreover, 

Ms. Montague and Ms. Mike make similar statements that science and mathematics 

integration has opportunities to apply both disciplines in a way that complements the 

other along a path of discovery of scientific concepts. 
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Lesson Plans. 

Ms. Montague’s lesson Surface Area vs. Chloroplast is not the only lesson that 

showed Ms. Montague’s response to designing lesson plans whereby mathematics was 

used to enhance scientific conclusions drawn. When the researcher asked Ms. Montague, 

in the interview about her intent to integrate mathematics in this chloroplast lesson, she 

responded that it is helpful for students to have data analysis skills for drawing 

conclusions. However, she continued, that the mathematics and science integration 

should be incorporated as authentically as possible so that the integration is seen as 

purposeful and appropriate for the situation. She maintained, “I am not as focused on 

what [the students] are doing as I am on what they are thinking.”  

She used students’ data analysis to reinforce the students’ understanding of “how 

math describes the science.” For example, Ms. Montague designed lessons that required 

students to make predictions before learning the facts in her Layers of the Earth activity. 

In this activity, students were to develop a two-dimensional cross-section of the Earth’s 

interior. Students used the concept of proportional relationships to make predictions in 

developing the Earth’s layer model and the model was confirmed with the actual data 

later.  

Once the students verified their predictions using the facts, an extension was 

offered to the students. In the extension activity, students were to design a three-

dimensional clay model of the interior layers of the Earth. To complete this task, students 

were to not only use proportional reasoning to design but proportional reasoning was 

necessary to determine the amount of each different colored clay that was necessary to 

build the model interior layers of the Earth. The mathematics was used to explain the 
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scientific phenomenon or to create a model of the Earth’s layers. Ms. Montague designed 

the lesson to use ratios and proportions to translate a theoretical model into a tangible 

model. 

Furthermore, students were required to use a rubric to monitor the development of 

the models. The rubric helped students monitor their thinking and reasoning for the 

model’s selection and to assess the accuracy of the model’s layers proportionality. Hence, 

the rubric identified criteria to “distinguish between a good and a bad model. By this, 

students use mathematics and science in a natural way, enhancing student knowledge and 

understanding.”  

Additional evidence from lesson plans was collected that Ms. Montague believes 

integration should be done so that mathematics enhances scientific conclusions. In the 

teachers’ notes of her Fireworks lesson plan, she stated that this lesson plan did not 

include mathematics but “didn’t really see a way at the time to integrate math.” She 

continued that the lesson did not include mathematics because of the object of the lesson, 

which was to discover the property of an element (the color that it burned). Her notes also 

mentioned that it is not really helpful to simply “add in” mathematics but should be done 

when it is purposeful and appropriate for scientific inquiry. Her teacher’s notes suggest 

that when implementing a lesson on force and motion it would be a more appropriate 

opportunity to describe, for example, the height at which a rocket fly based on other 

chemical properties other than the color that each burns. 

 Participant 3: Ms. Patti 

 Ms. Patti’s data offered evidence, from her interview and survey, that she has had 

a paradigm shift about the integration of science and mathematics while not offering 
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observable instructional behaviors that would demonstrate this shift. She verbalized, “I 

still feel I have a long way to go but it’s just being aware of the [Math] TEKS.” She had 

completed assignments for coursework that required aligning mathematics and science 

TEKS but had not done any lesson plans that used the alignment with the premise of 

integrating science and mathematics concepts. 

 Ms. Patti’s lesson, once the students had shared their experiences from the field 

trip, continued the previous class’s lesson where the students would take notes about 

Kingdoms and phyla; using these notes to create a Kingdom and Phyla Tab Book 

(foldable vocabulary organizer). During the lesson, Ms. Patti showed students how 

dichotomous keys are used in grouping and sorting. Ms. Patti gave students as set of 

numbers and asked them to develop criteria for creating two groups from the one group 

of numbers. By doing this, the teacher can reinforce grouping and sorting while 

developing the mathematics instructional strand, number concepts. 

 The researcher did not observe Ms. Patti using strategies, questioning techniques, 

or other techniques to enrich scientific conclusions or to make any other potential 

moments to connect mathematics to the scientific concepts that she taught. For example, 

during her explanation for creating the Tab Book she said, “Estimate the measurement.” 

Even though, she said estimate measurements, there was not any mention of purpose for 

estimation or the precision needed when estimating. She did not ask the students to use 

rulers to make exacting cuts to make the books. This was another miss opportunity to 

show relevancy of mathematics concepts in the science classroom. That is, if the lesson 

did not have any authentic use of mathematics to enhance scientific conclusions, then 
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every opportunity to show the transference mathematics concepts into science should be 

taken. 

 In review, Ms. Mike and Ms. Montague devised lessons and incorporated 

integration strategies throughout the lesson to enhance the understanding of each content. 

These participants made conscious effort to incorporate science and the mathematics 

concepts in a meaningful way. The integration for these teachers, based on the data, is not 

only verbalized as important but they have attempted to capitalize on making 

mathematics and data analysis necessary in making or drawing scientific conclusions. 

Mathematics is used to explain the science for these teachers. However, Ms. Patti had not 

make this process a part of her lesson implementation. She had developed lesson plans 

based on the district-mandated science curriculum, which did not involve integrating the 

mathematics in purposeful, connected way that supports students’ understanding of 

scientific theories. She was maintained her alignment with the science curriculum for 

compliance with the district’s science scope and sequence. 

Theme 3: Content specific skills or concepts are taught separately to allow for 

deeper discussion and data analysis when integrating 

 The third theme, content specific skills or concepts are taught separately to allow 

for deeper discussion and data analysis when integrating, emerged from data collected 

from observations, interviews, and field notes. These data revealed that the participants 

found teaching some concepts in isolation or in parallel would support greater class 

discussion or use of the individual concepts later in making connections or drawing 

conclusions (Mireles, 2009). The participants deemed it necessary, in some instances, for 

students to have a firm grasp of science and mathematics concepts separately before 
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attempting to use them to support one another. Teaching the concepts or topics separately 

would disallow confusion when integrating complex ideas and drawing conclusions when 

analyzing data.  

Participant 1: Ms. Mike 

 Analysis of observations and field notes revealed that Ms. Mike designed her 

lesson plans to include a description of the manner in which the teacher would explain 

measures of central tendencies (mean, median, and mode). The plans stated that the 

teacher would present examples of finding mean, median, and mode of a given set of data 

from earthquake damage. She indicated that it might be possible to calculate central 

tendencies of death toll, magnitude on the Richter Scale, loss of forestry, and money 

expenditures to rebuild infrastructure. 

 However, before performing the examples, Ms. Mike used 23 minutes of class 

time to review material scientific concepts, definitions, and attributes of earthquakes. The 

beginning discussion of scientific structures included review of a comparison of 

volcanoes and earthquakes, recalling the definitions of tsunamis, deforestation, pollution, 

and fire. Ms. Mike’s whiteboard also indicated requisite objectives and skills related to 

plate tectonics (causation of earthquake) and converging plates (creation of volcanoes). 

 Moreover, Ms. Mike’s lesson plans made mention of calculation of measures of 

central tendencies separately from using them to predict outcomes of earthquakes. 

Science Student Expectations were also listed separately in the lesson plans with the 

integrated objective noted to make the connections between the science and mathematics. 

 Ms. Mike used 25 minutes of instructional time to prepare students to calculate 

measures of central tendencies. This phase of instruction began with the question, “When 
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I say measures of central tendencies, what do I mean?” Students were able to formulate a 

collective response that was confirmed by the teacher that measures of central tendencies 

as ways of finding an average. 

 Afterward, the teacher and students went through a process to calculating 

measures of central tendencies beginning with median. Ms. Mike reinforced the necessity 

of putting the numbers in order to identify the middle number or numbers. The challenge 

was presented to find the median when the list has an even number of numbers. Ms. Mike 

recommended that the numbers should be written vertically to visually determine the 

median. However, the arithmetic mean or average must be used to determine the median 

of the even list of numbers. Of the same set of data, students were guided through the 

calculation of the mean and identification of the mode. Discussion extended into 

determining a list of data that did not have a mode and instances when there is more than 

one mode. 

 Once all three measures of central tendencies were identified, there was a whole 

group discussion in choosing the most appropriate measure to describe the data. The three 

central tendencies were listed on the board and Ms. Mike posed the question, “What is 

the most appropriate tendency to use and when?” Responses referred to the data used in 

the previous examples, which happen to be earthquake magnitudes. Conclusively, 

students decided that the measure of central tendency that would be used would be 

determined based on the data to be used to take advantage of the numbers. That is, the 

mode would be used to describe an earthquake as strong because it is the largest of the 

three central tendencies.  
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 At this point in the class, Ms. Mike transitioned into using measures of central 

tendencies of death tolls that were the result of earthquakes. Now students were to use the 

measures of central tendencies once they have identified that these numbers could be 

used to evoke a particular response to earthquakes from the government or media or 

scientists in making predictions about the number of deaths to be expected from an 

earthquake of a particular magnitude. 

Likewise, Ms. Mike designed the lesson to accommodate instruction that created 

a need for integration of contents. However, she used the students’ prior knowledge of 

the science of earthquakes to focus the students on the concept being taught. Then, Ms. 

Mike used parts of earthquake data to calculate measures of central tendencies to activate 

this prior mathematics knowledge. This is done before redirecting students’ use of 

measures of central tendencies and choosing the most appropriate to describe collected 

data. Hence, students were assured that measures of central tendencies could be used to 

make predictions of death tolls that occurred as the result of measured magnitude of 

natural disasters such as earthquakes. 

 Participant 2: Ms. Montague 

 Ms. Montague taught two-twenty minute segments. The first 20-minute segment, 

Ms. Montague reviewed surface area and the methods for calculating surface area of 

irregular figures such as the leaves that students had previously collected. From the 

beginning of the class, with the video and discussions with students and directions for the 

assignment, she verbally endorsed the two topics and integrally connected. 

Understanding of the surface area was integrally connected to determining the amount of 

chloroplast a tree had for producing sugars for living.  
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Ms. Montague used twenty minutes of the teacher guided instruction connecting 

surface to sugar production (or amount of chloroplast). The teacher referred students to 

their leaf rubbings from a previous activity and methods for determining or calculating 

surface area or amount of chloroplast. (Ms. Montague used the two concepts surface area 

and amount of chloroplast as a connective-thread because students, as a follow-up 

activity, would determine the correlation between surface area and the actual amount of 

chloroplast. In that activity on leaf rubbings, Ms. Montague foreshadowed the use of a 

microscope actually to count the chloroplast.) 

 Ms. Montague continued the second twenty-minute segment of the lesson Surface 

Area vs. Chloroplast by helping students brainstorm a method for finding the surface area 

of the comparatively irregularly shaped tree leaf. The teacher, once getting this 

appropriate use of a standard equation, showed a video using Adobe Photo Shop. The 

video described its use of pixel (tiny squares) to modify a picture with correct proportions 

for a new view that was not skewed. With guidance students, devised plans for estimating 

surface area using various means keeping the general formula for calculating area of a 

square.  

 Students decided how to approach finding or estimating surface area. Ms. 

Montague used questioning techniques to help students identify an instrument that would 

model the Adobe Photo Shop software. Therefore, consensus was to use graph paper, 

which is made of tiny squares. Ms. Montague summarized that “surface area would be 

calculated piecewise using the smaller squares.” She used this opportunity to make the 

analogy – squares as to estimate surface area as surface area as to the amount of 
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chloroplast (actual results that would be attained from microscope activity that was to 

occur the next class period). 

 Approximately five to seven minutes, was used to activate students’ knowledge of 

chloroplast. This focus time, included identifying chloroplast and its purpose in 

photosynthesis. Here is where the teacher started to bridge the connection between the 

amount of chloroplast in a leaf and the surface area began. Three to four minutes was 

used to discuss the surface area and it mathematical formula used for calculation, which 

led in to the presentation of the video about the Adobe Photo Shop software.  

Even though the observed lesson used seamless integration of science and 

mathematics concepts, Ms. Montague’s lessons plans revealed that she did not always 

include mathematics. For example in her Fireworks Lesson, the lesson plan did not 

include mathematics because ‘it was not obviously a way to integrate math.” Her 

intention when developing lessons is to “not try to integrate [science and mathematics] in 

unnatural situations” for that would “be stretching to include the other discipline.”  

Ms. Montague maintained in interview that integration might need to be done as a 

project or ongoing side project where both contents are used to solve a problem. In this 

way, the “regular curriculum can continue simultaneously.” Similar to Ms. Mike, Ms. 

Montague revealed that she believe integration should happen but when best for 

enhancing the other content or complementing the other content. Where they differ is in 

the instructional practices. Ms. Mike gave, comparatively, equal amounts of time to each 

concept before attempting to connect them, while Ms. Montague emphasized a definitive 

interlinking nature of the concepts used in drawing a conclusion. 
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 Participant 3: Ms. Patti 

 Data collected revealed that Ms. Patti approached the science and mathematics 

curricula separately. She confesses, “[I] am not familiar enough with the math TEKS to 

feel like I [would] do it justice when integrating.” This stance is apparently in opposition 

to the approach that Ms. Mike and Ms. Montague take. Ms. Patti, in interview, explained 

that she defines science and mathematics as “[a] lesson where both topics are seamlessly 

blended together and concepts for both are able to be applied.” 

 The artifacts, observation, and interview introduce contradictory data. Ms. Patti is 

able to verbalize a definition for integration that is similar to the other participants. 

However, she presented a lesson that was devoid of integration and artifacts that are 

direct responses to the iSMART Program’s coursework only. Her implemented lesson 

plans are strictly aligned with the district’s science scope and sequence which has no 

overt integration strategies or concepts. 

 Ms. Patti referred to training opportunities offered by the district and the state 

education entities. These trainings profess to want integration but do not give teachers 

explicit examples of how to implement integration or of what integration looks like. Ms. 

Patti finds it challenging to find resources. To find these resources, "it takes a while and 

the curriculum" does not demand integration so the motivation (or time) is limited. 

Therefore, content specific skills are designed to continue to be separate; and, subsequent 

discussions with students do not reveal deeper understanding. Data analysis is not a 

concentration. The curriculum has no design for integration. 

 Moreover, Ms. Patti receives no encouragement to integrate. The district provides 

no support other than verbal agreement that integration is a plus. There are no written 
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resources or learning coaches to model using mathematics to support science problem 

solving and conclusions. Consequently, contents are taught in isolation with hopes that 

students will identify instances where knowledge transfer and application should take 

place. 

 All the participants perceived that students’ learning would be enhanced by have 

each content’s skills well understood. Lessons that used combinations of skills from 

different content areas are revealed from the data to offer students’ an ability to gain a 

deeper understanding of concepts. Nonetheless, that is where the commonalities end. Ms. 

Mike’s collected data showed that have mastery of each content (or skills used in the 

lesson) before attempting to use them in an interactive way is needed. Not having 

mastery, according Ms. Mike would cause confusion for students who would be learning 

skills rather than using skills. Ms. Montague approaches using the skills as integrally 

connected; and may be learned simultaneously. The two contents show relevancy or 

requirement for learning the other. Ms. Patti implemented a lesson that was solely 

science. Students may be required to implore the use of mathematics skills or concepts 

but since the curriculum does not allot the time or specifics in the curriculum for 

implementation, authentic mathematics integration is not done. 

 

 

 

 

 



 

 

Chapter V 

Summary and Conclusions 

Overview of the Study 

 The purpose of this qualitative case study was to identify and describe teachers’ 

understandings of science and mathematics integration and to determine any 

commonalities or differences across these understandings. Data were analyzed and 

conclusions were drawn in response to research questions that sought to identify how 

participants define science and mathematics integration. This section will present the 

conclusions based on findings for each research question, recommendations for action 

and further study, practical applications of the findings, and a reflection of my experience 

with the research process. 

Interpretation of Findings 

 Artifacts were collected before completing observations and interviews, and field 

notes were collected during observations and interviews. There were three themes 

identified in relation to the research questions. All three participants demonstrated an 

understanding of science and mathematics integration that can be described by the 

following themes: (a) Integration is a catalyst for increasing student motivation for 

learning each content, (b) Mathematics is a means of analyzing scientific data and to 

enhance the explanation of scientific conclusions, and (c) Content specific skills or 

concepts are taught separately to allow for deeper discussion and data analysis when 

integrating. 

 Data revealed similarities for Ms. Mike and Ms. Montague in their definitions of 

science and mathematics integration; furthermore, their teaching practices were 
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consistent with the researcher’s inferred definition that was drawn from iSMART 

artifacts prior to the observation. These two participants teach at the same school. It is 

possible that they have experiences and have developed values regarding integration that 

are based on a culture developed from collaboration, school expectations and professional 

development provided by the school and the school district. Ms. Patti instructional 

practices provided disconfirming evidence of the researcher’s inferred definition that was 

draw from iSMART artifacts prior to the observation. In other words, the classroom 

observation offered a more comprehensive understanding of Ms. Patti’s understandings 

of science and mathematics integration. A school environment that did not encourage 

integration might explain the inconsistencies.  

 “Integrated instruction can provide motivation or a “hook” for students who are 

not interested in the other subject” (Lee, Chauvot, Vowell, Culpepper & Plankis, 2013, p. 

164). The educational motivation is a concept with broad connotation. Educational 

motivation is the process or creation various conditions to stimulate a reason for a student 

to participate in learning (Li, 2003). All three participants demonstrated introductory 

focus activities that were designed to motivate student learning.  

The motivational hooks in two of the cases were relevant to the student 

expectations outlined in lesson plans, generated interest in the possible connections 

between science and mathematics, and were exciting to the students. However, one 

participant, Ms. Patti used motivation but missed using students’ motivation and interest 

and other teachable moments as opportunities to engage students’ through their personal 

interests connected to learning new concepts in science and mathematics in a related and 

connected manner. In this case, students were excited to tell the teacher about museum 
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exhibits that they found the most exciting but the teacher did not attempt to make any 

observable connections to mathematics concepts.  

For two of the participants, Ms. Mike and Ms. Montague, the motivational 

introductory activity was directly connected to the lesson objective as well as the 

students’ interests or emotional connections. That is, the participants were able to identify 

material that would be relevant to the students’ interests but would focus students on the 

need to use mathematics to enhance their understanding of science concepts. In these two 

participants’ classrooms, the integration approach was evident as each teacher relied upon 

their students’ previous knowledge, experiences, and the things that students were excited 

about or had an emotional attachment to promote learning integrated lessons. By using 

students’ enthusiasm about a concept, teachers were able to create learning experiences 

that not only are relevant to the individual students but also are applicable to the needs of 

the curricula.  

According to Brooks and Brooks (1999), when utilizing a constructivist approach 

in their classroom, teachers focus on connections between facts and assist the students in 

developing a new understanding. The participants adjusted their teaching to encourage 

analysis and interpretation. Ms. Mike used students’ personal experiences with 

earthquakes to gain interest, and Ms. Montague connected to students’ previous learning 

to gain a way to connect with students’ connection to and for learning new concepts. Ms. 

Mike chose to use earthquakes as the central catastrophic event because of the 

availability of data to meet the state standards in science and mathematics. 

This data led the researcher to note that inclusion of mathematics would be 

attached to the interest level or motivational level of experiences with earthquakes. The 
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researcher further surmises that the introductory focus of the lesson was selected to 

enhance the students desire to connect the predictive capabilities of data using 

mathematics as a catalyst and make inferences about correlation between the magnitude 

of earthquakes and the potential impact on the ecosystem.  

 Integration is more than just showing the connections between the two content 

areas (Lee, Chauvot, Vowell, Culpepper & Plankis, 2013). This implies that integration 

requires a deeper understanding of each content area or an understanding of the 

alignment of the process of scientific investigation, and the process of mathematics 

problem solving before being able to make meaningful integrative connections.  

All three participants demonstrated different models of integration methods. 

Based on Davison, Miller, and Metheny, (1995) five models of integration, Ms. Mike and 

Ms. Montague are best described to meet the criteria of the Discipline Specific 

Integration. Disciple Specific Integration involves an activity that includes two different 

subjects. In this model, students reach a decision or draw a conclusion based on data 

analysis and use of critical thinking and problem solving. Ms. Mike used measures of 

central tendencies to predict the death tolls based on magnitude of an earthquake; and 

Ms. Montague used surface area to predict the number of chloroplast that a leaf would 

have to perform photosynthesis and the creation of sugars.  

According to Hinde’s (2005), four different designs of integration, the Correlation 

and Sequenced Model best represent Ms. Mike and Ms. Montague. Specifically, Ms. 

Mike and Ms. Montague arranged concepts so that a one, comprehensive activity would 

relate both content areas. Hinde does not have a category of integration that best 

describes Ms. Patti. In order to meet the different designs of integration, Ms. Patti would 
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need to redirect the integration process (Immersed and Networked Model) to include 

concepts in a way that one activity has the ability to make connections between the two 

subject areas (Correlation and Sequenced Model); or select a subject matter with the 

students to find a solution to a problem (Open and True Color Design); or focus on 

blending concepts across subject areas (Broad Fields Design). 

Ms. Mike and Ms. Montague used an infusion approach to integration. These 

participants brought two subjects together to form a meaningful activity to help the 

learner gain a deeper understanding of one subject by inserting its ideas into the other of 

the second. On the other hand, Ms. Patti’s level of integration is not measurable using 

Davison’s five types of integration methods or Hinde’s four designs of integration. Ms. 

Patti does meet one of the categories in the Ronald Harden (2000) Integration Ladder. 

Ms. Patti designed her lessons without consideration of other subjects. However, 

she has participated in iSMART coursework assignments that required science and 

mathematics curricula alignment. These assignments systemically enforced documenting 

goals of each subject or topics from lectures and personal research to complete 

assignments. Archival documents such as lesson plans and written reflections show her 

attempt to explore objectives and activities that would best meld the two contents in 

support of required skills and knowledge that students would help students to take an 

integrated view of the subject. These criteria support assigning Ms. Patti to the second 

step on the Integration Ladder, Awareness. 

Awareness is similar to isolation where teaching is subject-based but is different 

from Integration Ladder’s Isolation continuum level. In the Isolation level, the discipline 

is taught from the perspective of its own curriculum content. The teacher concentrations 
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on the student expectations to be covered, depth of coverage, scope, sequence, pacing, 

and momentum of her content or discipline. There is no genuine attempt to connect 

related subjects but is taught as from a specialist in one specific discipline. 

Based on the Harden Integration Ladder, Ms. Mike and Ms. Montague would 

meet the criteria in the fourth level of the eleven-step continuum. The fourth step is 

nesting. Nesting occurs when the teacher focuses on skills related in other subjects. The 

teacher draws from other subjects’ curricula to enhance the teaching and learning of 

another subject. The teacher investigates separate subjects, student expectations, and 

identifies methods in which commons skills can ‘nest’ into the existing subjects. 

 Current state-mandated testing emphasizes recall of scientific information rather 

than emphasizing a deep understanding of science reasoning. In response, teachers focus 

most of their time on "covering" the many required topics. This approach leaves teachers 

with little time to help students integrate their ideas and leaves students with isolated 

ideas, little to no understanding of science reasoning, and a perception that science is not 

relevant to everyday life (Linn, Lee, Tinker, Husic & Chiu, 2006).  

Even though there is little evidence that integration instruction enhances 

performance on current objective-based assessments, integration enhances students to 

connect scientific understanding of complex scientific ideas. Integrating science and 

mathematics helps guide students in making sense of science rather than viewing it as a 

string of isolated ideas. According to Linn et al., (2006) these connections can benefit 

students in their future courses; prepare students to deal with scientific problem solving 

situations, and encourage students to view data analysis as a critical aspect in drawing 

conclusions and making generalizations. 
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Ms. Mike and Ms. Montague used integration to enhance students understanding 

of science ideas using data analysis. Data analysis was used as concrete pathways to 

explain scientific notions. Ms. Mike ensured that the students had an understanding of 

each subjects’ concepts to be used before using one to explain the other. In this way, the 

discussion was not clouded by making sense of each concept while trying to make 

connections. The pathway seemed to match students’ needs. Moreover, devising plans in 

this fashion are an endorsement of her professional background and experiences with 

teaching mathematics. 

Ms. Montague used inquiry that would test predictions and distinguish new ideas. 

Students gathered data to test a hypothesis. Data gathered would be used as evidence in 

proofing. Ms. Montague’s lessons helps students act like scientists by fitting ideas 

together, gathering evidence for their own viewing, and verifying using more 

traditionally scientific methods. Even though the students were using mathematics to 

analyze data, the concept was not isolated to probe and find an answer. The subjects were 

interwoven as both being pertinent in completing the scientific investigation. 

Mathematics was introduced and used as the foundation science that would be used to 

identify other scientific revelations. 

Recommendations for Further Study 

 This qualitative study focused on identifying and describing teachers’ 

understandings of science and mathematics integration and how these understandings are 

exhibited in practice and in determining any commonalities or differences in how these 

practices were exhibited. Additional quantitative or mix-methods studies could measure 

actual changes in the level of science and mathematics integration as opposed to current 
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understandings and exhibition of integration practices. Additionally, one could explore 

student achievement as a result of science and mathematics integration instructional 

practices. 

 This study found that participants exhibited their integration practices in various 

ways even when the understandings of integration are strongly aligned. Comparisons 

between the two schools where the participants currently teach could be investigated to 

explore if there are relationships between student learning and instruction. Such studies 

might address the following questions: 

1. Are different learning styles positively or negatively affected when science 

and mathematics integration is implemented? 

2. Is there a correlation between integration implementation and student 

achievement? 

3. What characteristics of science and mathematics integration have the most 

impact on student learning? 

Questions remain regarding whether or not teachers will continue to maintain or 

increase integration practices. Finally, more longitudinal studies are needed to address the 

issue of the effects of integration on state assessment achievement and student success in 

matriculation into higher courses in science and mathematics. Therefore, research is 

needed to further explore how science and mathematics instruction over time affects 

student learning and engagement. 

Practical Applications of the Findings 

Professional development, curriculum alignment, training, and mentoring at the 

school district level, as well as university partnerships may support teachers’ integration 
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practices. Notwithstanding, these initiatives will not lead to change in pedagogical 

practices alone. Shenton and Pagett (2007) emphasized that teachers’ need collaboration 

and shared experiences in order to integrate science and mathematics effectively. 

Participants believed that the professional development and collaboration would allow 

them opportunities to express ideas and concerns. For that reason, schools that implement 

science and mathematics into classrooms should establish mix-content Professional 

Learning Communities (PLCs) to allow teachers to collaborate, share materials, and 

foster communication about integration pedagogical practices and potential curriculum 

alignment opportunities. Teachers have reported that a collaborative approach to 

professional development provides participants with support from peers and a feeling of 

―we are not alone (Winzenried, Dalgarno, & Tinkler, 2010). Therefore, a similar 

professional development design could be utilized in order to allow teachers the 

opportunity to utilize their science and mathematics integration more effectively. 

The findings of this study could be used to develop models for integration. Using 

a professional development models based on mentoring and PLCs could potentially 

support the implementation efforts. To further support teachers’ collaborative process, a 

blog or internal network could be created to provide teachers a forum to post ideas of 

integration lessons and ask questions. All teachers in the network would have access in 

order to allow sharing of material across content areas. Moreover, principals hold 

monthly faculty meetings to address building and district topics. These meetings provide 

a forum to reach all teachers. Adding integration sharing to the agenda would further 

support collaboration among staff. In addition, the development of a rubric or unit 

development planning form would assist the teachers in monitoring the curriculum and 
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collecting data on student achievement on Student Expectations. Ntuli, Keengwe, and 

Kyei-Blankson (2009) recommend that teachers have a system to document curriculum 

alignment and strategies to ensure the students are benefiting from the integration. 

Reflections 

 In preparing for this qualitative study, I took careful steps to identify my own 

values, bias, and preconceived ideas. For example, I have participated in interdisciplinary 

teams in my experiences in teaching. I believed that science and mathematics was a 

useful and powerful educational implementation method. Integration allows students to 

interact with their knowledge rather than simply learning a cadre of isolated knowledge 

or trivia. Therefore, I carefully worded the interview questions to avoid manipulating 

participants’ responses. I also allowed stimulated responses during this process to ensure 

that participants’ feelings, beliefs, and planned meaning were accurately presented. 

 One surprising result of the study was the feedback that participants gave 

regarding district curriculum specialists, managers, and administrators. These personnel 

responded, based on all participants, favorably to the notion of science and integration. 

However, they have not offered actionable responses beyond their verbal consent or 

agreement that integration should take place in classrooms. Participants describe 

administrative responses in direct demand of test results; and if test scores are meeting or 

exceeding the standard set, then neither integration nor any other innovative programs are 

considered not necessary. 

 The participants stated in an interview believed that it was not a waste of time and 

relevant in helping them enhance their integration practices. All the participants 
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expressed their frustration with current professional development and curricula programs 

offered for developing and extending integration implementation. 

 Personally, I learned a great deal about conducting qualitative research and the 

process that is requires. As a researcher, I developed better listening skills. Normally, I 

find it difficult to not to actively interject my own opinions and thoughts during 

interviews. As to not influence their perceptions and understandings, I was careful not to 

share how I might have integrated science and mathematics or my beliefs about how 

science and mathematics should be integrated for a particular lesson. By only listening 

and data analysis, I leaned how the participants utilized integration strategies in devising 

lesson plans and implementing during “on-your-feet” planning during the instructional 

period. 

 After hearing the participants’ stories of frustrations with professional support in 

integration, I realized that other educators held the same opinion towards science and 

mathematics integration that I held. I learned that science and mathematics integration 

could be a significant challenge to teachers without the appropriate time, resources, and 

lack of local mentorship. 

Conclusion 

 Integrating science and mathematics into classroom instruction can lead to highly 

scaffolded and meaningful application student objectives from both contents. Teachers 

commented that when teachers take the time to develop lessons that meet the needs of the 

learners in their classrooms, they are more able to engage students in learning that applies 

knowledge and skills. As such, teachers need to utilize science and mathematics 
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integration for the purposes increasing student engagement and the synergistic effects of 

application of concepts. 

 Stinson, Harkness, Meyer, and Stallworth (2009) offered evidence that if 

mathematics and science integration is a desired practice in schools then teachers must 

have a strong sense of what it means to make this happen and to have an operational 

definition for integration. That is, science and mathematics implementation can only be 

done with teachers’ knowledge extended. To close the knowledge gaps, mathematics 

teachers may require professional development to support the science standards and 

science teachers may need support in the strategies that connect concrete experiences to 

mathematics skills content in making integration effective and efficient. In addition, 

professional development, mentorship, and support through written curriculum may also 

be needed to ensure that change towards integration occurs. The results of this study 

reinforce previous research that emphasizes the need for teachers to participate in 

professional development when integrating. In conclusion, for change to occur in 

classrooms, teachers need supportive administration, professional development, and state 

assessments that emphasize the use of science and mathematics integration. These 

support structures should meet the need to increase student motivation for learning, and 

to analyze data to enhance students’ ability to draw conclusions while offering the 

content specific skills necessary. 
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Appendix A 

Observation Proctocol 

The Observation Protocol was used during participant observations. The protocol was a 

way of ensuring that the research gathered to collect data the same from each participant 

or observation for later analysis in answering the research questions. 
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Appendix A.     Observation Protocol 

Current TEKS/TAKS Objectives:   Requisite Objectives/Skills: 

Relevant Vocabulary: Resources/Materials: 

Activities: Extensions/Enrichment 

Student Product(s):                                                                  Assessment:  

Kinesthetic/Tactile -    

Auditory -    

Visual -    



 

 

 

 

 

 

 

 

 

Appendix B 

Interview Protocol for School Teachers 

The Interview Protocol was used during participant interview. The protocol was a way of 

ensuring that the research gathered to collect the same data from each participant or 

interview for later analysis in answering the research questions. 
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Appendix B.     Interview Protocol for School Teachers  

1. Tell me about your experience as a teacher? 

a. What is your definition of science and mathematics integration? 

b. What do you view as a challenge in developing lessons (or installing the other 

content, which is not your primary content)?   

c. What areas are of challenge when it comes to integrating science and 

mathematics? 

d. What specific strategies do you employ when implementing integration?  Which 

ones were most effective? 

 

2. What type of innovative integration practices do you use now in comparison to when first 

implementing integration strategies? 

a. Can you describe what type of innovative school redesigns/restructuring of 

lessons?  Why did you change them? 

b. What type of training do you believe teachers should receive to become effective 

(or stronger or more confident) integration teachers?  

c. How is the school (principal, teachers, and students) involved in the process (of 

supporting integration)? 

 

3. What expectations are set by your content standards for integration? 

a. Can you describe the type of planning strategies do you employ to achieve an 

effective integration in your class and lessons? 

b. Our school? Which ones were most effective? 

Can you describe the type of professional development that your campus or district 

provide to support integration strategies? Do you think they are effective?   

c. How do feel you contribute to an effective integration program? 

 

4. What challenges do have in meeting integration expectations? 

a. How will you handle these challenges? 

b. What restructuring will occur based on these challenges? 

 



 

 

 

 

 

 

 

 

 

Appendix C 

Articles Used in Integration Study Guide 

Nine articles and instructed to create an Integration Study Guide in Summer 1 of the 

iSMART enrollment. An explicit description of the manner in which the articles were to 

be incorporated into the creation of the Integration Study Guide in Appendix D. 
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Appendix C.     Articles Used in Integration Study Guide 

Berlin, D. F. & White, A. L. (1994). The Berlin-White Integrated Science and Mathematics 

Model. School Science and Mathematics, 94(1), 2-4. 

 
Davison, D. M. Miller, K.W. & Metheny, D. L. (1995). What does integration of science and 

mathematics really mean? School Science and Mathematics, 95(5), 226-230. 

 

Judson, E. & Sawada, D. (2000). Examining the effects of a reformed junior high school science 

class on students’ math achievement. School Science and Mathematics, 100(8), 419-425. 

 

Hurley, M. H. (2001). Reviewing integrated science and mathematics: The search for evidence 

and definitions from new perspectives. School Science and Mathematics, 101(5), 259-

268. 

 

Lederman, N.G. & Niess, M.L. (1997). Integrated, interdisciplinary or thematic instruction? Is 

this a question or is it questionable semantics? School Science and Mathematics, 97(2), 

57-58. 

 

Lonning, R. A. & DeFranco, T. C. (1997). Integration of science and mathematics: A theoretical 

model. School Science and Mathematics, 97(4), 212-215. 

 

Meier, S. L., Cobbs, G. & Nicol, M. (1998). Potential benefits and barriers to integration. School 

Science and Mathematics, 98(8), 438-447. 

 

Mireles, S. V. (2009). Correlating mathematics and science. Mathematics Teaching in the Middle 

School, 15(2), 100-107. 

 

Venville, G., Wallace, J., Rennie, L. J., & Malone, J. (1998). The integration of science, 

mathematics and technology in a discipline-based culture. School Science and 

Mathematics, 98(6), 294-302. 

 

 

 



 

 

 

 

 

 

 

 

Appendix D  

Descriptions of Example Assignments 

This appendix shows the iSMART assignments that are listed in the Settings section of 

this document. A more detailed description of each assignment is itemized. 
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Appendix D.     Descriptions of Example Assignments  

Integration Study Guide Project 

Activity/Topic Description Due Date(s) 

Integration 

Study Guide 

The articles listed below are posted in the Integration 

Readings folder in DropBox. They all center on the 

concept of integrating science and mathematics. 

You are responsible for reading all of them. 

For your assigned article (see below), you will create a 

Study Guide for you and your colleagues. The Study 

Guide should highlight the main ideas of the article and 

serve as a reminder of what the article was about. 

Your study guide can be in the form of a digital story, 

powerpoint, YouTube video, brochure, etc (see Cool Tools 

Handout). 

By July 16, post your Study Guide on the indicated 

location of the Discussion Board.  

 

After July 16, read through the posted Study Guides, 

especially the ones about the article you summarized! 

 

7/16 
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TEKS Analysis Project 

Cohort 3 
 

The idea here is to collaboratively create a table (or some other illustration (venn diagram, flow 

chart, etc) showing where, for example, 6th grade math TEKS “align” with 6th grade science 

TEKS, in terms of integration. Your group will do this for grades 4-8.  

 

The overarching goals for this project are to illustrate and argue to what extent it makes sense or 

it is feasible to integrate science and mathematics in Texas under the current conditions. Your 

group will then make recommendations to policymakers for what should be in place to effectively 

integrate the two disciplines.  Your definition, analysis, and recommendations should be based in 

what is stated in the literature and what you learned from analyzing the TEKS.  

 

You should break up the assignment in such a way that all group members are contributing to this 

project. Please create a “TEKS Analysis Log” for you to document who did what. 

 

Your group will need to have a preliminary analysis of grades 4-8 complete by August 27. Please 

have a brief presentation ready for the week of August 27. 

 

Final Product: Your final product is due September 24 (one per group). The product must 

include 1) the illustration, 2) a narrative describing your definition and the illustration, 3) an 

argument regarding the feasibility of integration of science and mathematics in Texas, 4) 

recommendations to policymakers, and 5) the TEKS Analysis Log. Be sure to cite relevant 

literature – either what has been assigned in either of the courses, or self-selected articles you 

may have read. 

 

How you submit this assignment is up to you. You can create a digital story, make a movie, 

create a podcast, create a PowerPoint w/narrative, write a traditional written report, etc. See Cool 

Tools handout! If what you create is too large to attach within Blackboard, then either email it to 

me: jchauvot@uh.edu or store on a cd and mail it to me Jennifer Chauvot. 

 

  

mailto:jchauvot@uh.edu
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Integration Interview Project 

 

 Integration interviews and analysis (administrator, teachers, students).  

 Your tasks here are to 1) informally interview at least one administrator, at least one 

middle school mathematics teacher, at least one middle school science teacher and at 

least two middle school students, and 2) to provide an analysis of these interviews. 

 Your intent is to find out his or her views regarding integration of science and 

mathematics. Examples of questions you might ask are listed. You might preface the 

interview with the fact that you are in a graduate program that centers on integration. 

o What does it mean to you to integrate science and mathematics? Can you give me 

an example?  

o Do you think science and mathematics are related? If so, in what ways? 

o In what ways do you think integrating science and mathematics would be 

beneficial for students? In what ways do you think integrating science and 

mathematics would be detrimental for students?  

 Be prepared with follow-up questions like: Can you say more about what you mean by 

that?  

 You want your interviewee to speak as much as possible. Try not to talk too much 

. Your goal is to find out their perspective, not talk about yours or what you’ve 

read. 

 

 You should preferably audiotape/videotape your interviews but alternatively, you could 

write careful notes about what they say or provide a written survey that they can write a 

response on. No names necessary; just identify them as administrator, science teacher, 

math teacher, or student.  

 

After you conduct your interviews, analyze what they said in terms of the Integration readings.  

 

Your report is due Nov 28. Your report will consist of  

1) A general description of each person you interviewed. Include the number of years 

experience and grade level. 

2) A list of the questions you asked. 

3) An overview of what each interviewee said. 

4) An analysis of the responses in terms of the assigned readings (at least two of them). 

Include excerpts from the interviews to support your analysis.  

5) What you learned from the experience. 

 

How you submit your report is up to you. You can create a digital story, make a movie, create a 

podcast, create a PowerPoint w/narrative, write a traditional written report, etc. If what you create 

is too large to attach within Blackboard, then either email it to me: jchauvot@uh.edu or store on a 

cd and mail it to me: 

 

Jennifer Chauvot 

mailto:jchauvot@uh.edu
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You are not late as long as it is postmarked Nov 28. 

 

How will I be graded? 

Your report will be evaluated based on whether or not you have included the above components, 

whether or not your analysis appropriately represents the readings you cited, and how well the 

evidence you provided supports your claims. 

 

Why am I doing this assignment? 

We want you talking to your colleagues and students about integration and we want evidence that 

you can appropriately apply ideas expressed in the literature. We also want you to have 

experiences of listening and understanding others’ perspectives.  
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iSMART Technology Funds  

Call for Proposals 

 

Due Date: September 2, 2013 

Please email your proposals to ismart@uh.edu  

(write Technology Grant in the Subject Line) 

 

(Note: If funded, it will take approximately 2 months before the technology 

is received; please plan accordingly) 
 

Components: Your proposal must include: 

 2-3 paragraphs that explains why you are requesting this technology. Include the 

versatility of the item(s). We want to know that this item will be useful to you in 

multiple ways. 

 A detailed budget. At least 75% of the requested funding must be used for the 

purchase of nonperishable technologies/supplies that can be used in your 

classroom. Include what you will purchase, how much it will cost and the website 

from which the item(s) can be purchased. Your budget must stay under $1000. 

 At least one detailed lesson showing how the technology will be used and how it 

will support learning: 

o The lesson must be an integrated lesson. Write a paragraph explaining 

how your lesson is an integrated lesson. 

o Include both science and mathematics TEKS that will be addressed – 

embed them throughout the lesson plan, illustrating where each TEKS 

is being addressed 

o An evaluation plan, including assessment items, detailing how you will 

measure the effectiveness of your lesson(s). 

 

Additional Requirements 

 The lesson(s) must be taught during the 2013/2014 school year. 

 After you teach the lesson, you must provide your Evaluation Report. This report 

will include 

o Your objectives/goals of the lesson(s) 

o Whether or not you met your objectives/goals and how you know. 

o Evidence consisting of student work, pictures and video 

o Revisions 

 Your Evaluation Report is due April 1, 2014. 

 

mailto:ismart@uh.edu

