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Abstract
The purpose of this study was to determine whether integrating chemistry and mathematics curricula and teaching practices significantly improves academic achievement in chemistry among high school students in Southern California. The study was conducted during the 2008-2009 academic year. A quasi-experimental research design was used to explore the effects of a standards-based integrated chemistry and mathematics curriculum (Integrated CHEMAT) and teaching practices on student academic achievement when compared to a traditional standards-based chemistry curriculum (Regular CHEM) and teaching practices. Academic achievement was based on a researcher-created Chemistry Achievement Assessment (CHAAS). The sample population involved in the research included 136 high school chemistry students attending high school in a Southern California rural school district. The research involved 2 groups of 68 students each: the experimental group and the control group. The data were analyzed using SPSS independent samples t-test, one-way multivariate analysis of covariance (MANCOVA), and profile analysis. Statistical significance was determined at the .05 and .001 levels. Significant differences were found when analyzing the effects of the standards-based integrated chemistry and mathematics curriculum and teaching practices. All 3 statistical analysis procedures (the independent samples t-test, MANCOVA, and profile analysis) indicated that students in the integrated CHEMAT program scored significantly higher than the students in the regular CHEM program in achievement scores based on the results of the CHAAS. 
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Executive Summary for Evaluation Criteria

Purpose of the Study. The purpose of this study was to determine whether integrating chemistry and mathematics curricula and teaching practices significantly improves academic achievement in chemistry among high school students in Southern California. To accomplish this, an empirical test was conducted, guided by three research questions:

1. Are there any effects of the standards-based integrated chemistry and mathematics program on the chemistry academic achievement of high school students?

2. If a significant overall effect exists, is the effect of the standards-based integrated chemistry and mathematics program consistent across the sub-domains?

3. If GPA and pretest scores are partialled out, is the effect of the standards-based integrated chemistry and mathematics program still significant on student academic achievement in chemistry?

Theoretical Framework. This study amalgamates theoretical frameworks from curriculum integration (integrated curricula) and standards-based teaching and learning. Literature shows a void in the area of standards-based mathematics and chemistry integration. The compound effect of a standards-based integrated program on student academic achievement in chemistry was assessed on high school students in a public school system in Southern California.

Methods. Academic achievement was based on a researcher-created formative assessment, the Chemistry Achievement Assessment (CHAAS). The CHAAS consists of 150 multiple-choice chemistry questions covering all the California high school chemistry tested standards. It is one of three major components of the instructional module formulated for this study. The module consists of a traditional and an integrated standards-based chemistry and mathematics instructional guide, pacing guide, lessons and detailed lesson plans. SPSS independent samples t-test, one-way multivariate analysis of covariance (MANCOVA), and profile analysis procedures were used to answer the research questions using empirical data obtained from the formative assessments.

Results. Statistical procedure results from the independent samples t-test, MANCOVA, and profile analysis reveal the effect of the standards-based integrated chemistry and mathematics curriculum on student achievement. Data are analyzed and discussed from both the statistical and practical perspectives. 

Conclusions. Empirical data obtained directly tie to the research questions. Each of the three statistical procedures used provided answers that address the void in standards-based integrated chemistry and mathematics curriculum as it relates to student academic achievement. 

Significance. The goal of this empirical research is specifically to improve standards-based high school chemistry curriculum by integrating chemistry and mathematics both in content and delivery of instruction. This study paves the way for policy making in integrating standards-based chemistry and mathematics curricula in California. It is presented as one of the steps towards improving science education and student academic achievement through policy change.  Implications and other curriculum integration research studies are recommended based on a variety of factors and limitations.
The Effectiveness of a Standards-Based Integrated Chemistry and Mathematics Curriculum on Improving the Academic Achievement in Chemistry for 
High School Students in Southern California

Most current real-world situations present diverse problems that are multidisciplinary in nature and require multidisciplinary attention and solutions. An essential ingredient for success in the future will be the ability to tap into diversity and make connections, solve problems by looking at multiple perspectives, and incorporate information from different fields. Discipline-based solutions or curricula should be replaced with integrated procedures or curricula (Lipson et al., 1993).
The United States’ economic base has shifted towards science, mathematics, and technology achievement (Murdock & Hoque, 1999). Patterns in U.S. students’ academic performances and achievement in mathematics and science have shown an alarming decline over the last 25 years (McKain, 1999). Students do not start behind; they fall behind. By the time students conclude their high school, they are below the international science and math standards demanded by a global labor market (U.S. Department of Education, 1998). These results push national focus and urgency to U.S. school reform efforts for science and mathematics education.

Standards-Based Curricula

The low performance of U.S. students in international assessments prompted President Bush to call for a standards-based reform that would include the design and implementation of national standards. These standards were to function as facilitators for reform as well as criteria for excellence that would improve student performance in science and mathematics. They would involve high academic expectations for all students (Hiebert, 1999). This task would require the development of skills that transfer across disciplines and real-life situations. In addition to national standards, the states developed guidelines detailing what students should know and do in courses taught in public schools. The California Content Standards were formulated to encourage the highest achievement of every student (California Department of Education, 2008).
No Child Left Behind and Curricula Integration

School reform needs prompted Presidents Clinton and Bush to include science and mathematics reforms in the National Education Goals (Association for Computing Machinery, 1999). As part of the reform efforts to transform education across the U.S., “The No Child Left Behind Act” (NCLB), was signed into law by President G. W. Bush, in 2002. The NCLB Act is the centerpiece of the current education policy designed to raise the achievement levels of underperforming students (U.S. Department of Education, 2007). The NCLB expanded major reforms in state academic standards, assessment and accountability, and student improvement. This prompted recommendations for higher standards for curricula, higher standards for student achievement, and new approaches to teaching and learning (Critical Issue, 2005). 

As a possible alternative to traditional teaching and learning methods, curriculum integration presents a very viable route towards reform and better student performance, and achievement. Curriculum integration is the teachers’ purposeful planning of strategies and learning experiences to facilitate and enhance learning across key learning areas (Good, 1973). Jacobs (1989) cites the following as some of the valid reasons for a move towards an integrated curriculum: (1) Lack of connections and relationships among     disciplines, (2) fragmented teaching schedules in schools, (3) the “explosion” of knowledge in all fields, (4) the increase of state mandates, and (5) concerns about curriculum relevancy. Edgerton (1990) states that curricular integration across disciplines is an effective way to meet the challenges of the high stakes environment while engaging students in learning. O’ Connor (2003) adds that curricular integration should improve learning interest among the students.
Problem Statement

Despite the advocacy that curriculum integration commands from various proponents, Childress (1996) identified limited and mostly anecdotal studies on science and mathematics integrated curriculum. Some of the documented findings were inconclusive or they showed patterns that are not easily or clearly distinguished. In some cases there were no significant differences between the curriculum integration treatment and the control groups. A review of the literature shows a large void. No substantive quantitative data exists to support the notion that students, in general, perform better academically as a result of curricula integration (Critical Issue, 2005).
There is a general lack of empirical data for policy to support decision-making in chemistry and mathematics integration for educational policy leaders (U.S. Department of Education, 2007). No documentation is available regarding the integration of standards-based high school chemistry and mathematics through interdisciplinary models and the resulting impact that such an approach has on learning chemistry (Critical Issue, 2005). The purpose of this study was to determine the effectiveness of a standards-based integrated chemistry and mathematics curriculum on the academic achievement of high school chemistry students in Southern California. Results prompted some recommendations for policy, practice, and future research.

Research Questions
1. Are there any effects of the standards-based integrated chemistry and mathematics program on the chemistry academic achievement of high school students?

2. If a significant overall effect exists, is the effect of the standards-based integrated chemistry and mathematics program consistent across the sub-domains?

3. If GPA and pretest scores are partialled out, is the effect of the standards-based integrated chemistry and mathematics program still significant on student academic achievement in chemistry?

Significance of the Study

Educational reform in science and mathematics is now recognized by many nations as a fundamental interest linked to technological advancement, national security, economic competitiveness, environmental concerns, and other educational issues (Bohrnstedt, 1997). In the current U.S. economy, mathematics, science and technology education is, therefore, extremely important. 

Currently, the U.S. education system is plagued with changing mandates and competing, political, social, and legal viewpoints. Educators, particularly teachers, leaders and policy makers, often find themselves in a pedagogical dilemma (Focused Reporting Project, 2000). Most current science educational practices are not producing successful results (Edna McConnell Clark Foundation, 1997). Educators lack empirical data to help them make decisions (Kavale, 2000; Sowell, 1995). This empirical research is one of the steps towards improving science education through standards-based curriculum integration. The goal is specifically to improve standards-based high school chemistry curriculum by integrating chemistry and mathematics both in content and delivery of instruction.

Delimitations

The study was based on the data collected from a high school system (grades 10-12) in rural regions of Southern California. It did not include research data on the effects of integrated curriculum on academic performance for all K-12 districts, high school districts, urban districts, special services districts, preschools, private or parochial schools. The researcher did not randomly assign individuals to a treatment group or a control group because the groups already existed. 
It was recognized that the study sample community is predominantly middle-class. This fact may limit the validity of generalizing the results to other districts outside of the middle class classification. Although “generalizability” would have required the participation of a wider range of schools with different educational programs, and various teaching teams to reduce teaching bias from local factors such as curriculum, staffing, class size, parental or community support, administrative support, and/or political influence, the researcher specifically chose to utilize students from this specific socio-economic class to eliminate biases and other intervening variables that could be found in both the most affluent and the most depressed communities. The research did not take into account the issues surrounding teacher bias towards program success or the relationship between the teacher and his students.

Methodology
Type of Research and Research Design
This is a quantitative research intended to reveal whether students who enrolled in the standards-based integrated chemistry and mathematics program (Integrated CHEMAT) would show significantly greater academic achievement in chemistry than students who enrolled in the traditional chemistry program (Regular CHEM). 

A between-group quasi-experimental design was used to compare two different groups or learning environments. Sample participants were selected using the non-probability, convenience sampling method - randomly assigning intact and available groups to the experimental and control groups (Creswell, 2005). 
Population and Sample

The target population for this study included high school students in California. 
The accessible population included high school chemistry students in a rural school district in Riverside County, Southern California, and the sample consisted of 136 students from four chemistry classes at a high school involved in this study. Each of the four classes had 34 students. The student population was predominantly Hispanic or Latino (nearly 98 %) with socioeconomic status ranging from the lower to middle categories.
_______________________________

Insert Table 1 here

_______________________________

Most of the students were first- or second-generation immigrants. The research site was selected because it had an education program that was well-suited to the purpose of this study. 
Instrumentation

Student academic achievement in both groups was evaluated using the researcher-created Chemistry Achievement Assessment (CHAAS). The CHAAS consists of 150 multiple-choice items, divided into 5 content clusters. A test cluster assesses a set of related content standards (California Department of Education, 2008). The CHAAS is subdivided into 2 major sets: 5 pretests and 5 posttests, each of which consisted of 10 multiple-choice items that were extracted from the corresponding posttest. Each of the 5 posttests consisted of 30 multiple-choice items.

Pretests and Posttests: Pretests were administered the first week of every cluster-instruction period as formative evaluations to assess student pre-treatment chemistry academic abilities (Creswell, 2005), and posttests were administered after every treatment period at the end of every cluster-instruction period as overall examinations as summative assessments to measure student academic gain in chemistry (Ormrod, 2003).
Validity and Reliability
Major portion of the CHAAS was extracted and adapted from the Prentice Hall Chemistry Curriculum Test Bank (2008). Test items have been carefully analyzed and field-tested to ensure their reliability and validity (Prentice Hall Chemistry, 2009; Prentice Hall Mathematics, 2009). To ensure their appropriateness for measuring the California academic content standards in chemistry, all test items were matched with the released California Standards Tests (CSTs) from 2003 – 2007. To ensure their adherence to the principles of fairness and to ensure no bias existed with respect to characteristics such as gender, ethnicity, and language, questions were reevaluated by the researcher and the science department committee of content experts, including teachers and data team leaders. Based on the number of test items, CSTs have reliability coefficients of between 0.77 and 0.99 (California Department of Education, 2008).
Instructional Guides and Assessment
Both the standards-based traditional chemistry (Regular CHEM) and the standards-based integrated chemistry and mathematics (Integrated CHEMAT) curricula and instruction followed a program consisting of 2 modules: Module A and Module B, respectively. Module A consisted of 46 standards-based instructional lesson plans and selected laboratory experiments designed to be taught in 1 academic year, following a 90-minute block schedule. Each lesson plan followed a detailed standards-based lesson plan template highlighting the standard covered, academic levels for differentiated instruction based on the students’ CELDT levels, and the instructional agenda based on the Prentice Hall Chemistry instructional materials and resources (2007 Edition).
Module A content teaching was done by a project team teacher who is credentialed in single-subject chemistry teaching. The instructional pedagogy, including the teaching and learning for the regular CHEM, followed the traditional prior-knowledge reviews, lecture methods, class discussions, independent task assignments, cooperative activities, practical laboratories, video lessons, field trips, quizzes, and tests. Module B was comprised of 46 standards-based instructional lesson plans and selected laboratory experiments for the integrated CHEMAT. With the items listed for module A, lesson plans for the integrated CHEMAT included additional mathematics (Algebra 1, Algebra 2, and Geometry) review and reinforcement activities and procedural steps based on the California Algebra 1 and 2 Prentice Hall (2008 Edition) and the California Geometry Prentice Hall (2008 Edition) instructional resources. Review and reinforcement exercises were embedded in each lesson’s agenda, fused to the standards-based chemistry procedure outline. 
Module B instruction was affected by the researcher who has experience in teaching both standards-based chemistry and mathematics courses. The instructional pedagogy for the integrated CHEMAT program involved the Shared and Integrated approaches at the Fusion level. The shared approach involves shared planning and teaching in 2 disciplines in which overlapping concepts or ideas emerge as organizing elements. The integrated approach matches subjects for overlaps in topics and concepts with some team teaching in an authentic integrated model, and fusion involves grafting one curriculum concept to an already existing curriculum (Drake, 2007).  
Data Collection

Data for this study consisted of 1 independent variable – group membership with 2 levels (Integrated CHEMAT and Regular CHEM), 5 dependent variables, posttest scores for 5 testing clusters administered during the 2008-2009 school year, and 2 covariates (GPA and pretest scores). Prior to the study, permission and invitation letters were submitted to the district and site administration and the faculty describing the project and inviting them to participate. Informed consent letters were mailed to participants’ parents. An orientation meeting with the participating support teacher and administrators was scheduled and held to determine and discuss the sampling method and other project implementation procedures. A duo of project teachers consisting of the researcher and the control group teacher was established. As stated, these project teachers worked together to produce a series of teaching modules for the integrated CHEMAT and the regular CHEM based on the California chemistry standards and blueprints. The modules were used for the study under the names Integrated CHEMAT and Regular CHEM, respectively. The researcher and the control group teacher planned and held in-service teaching planning activities and collaborated during the research study period. 

Data Analysis

Descriptive Statistical Data Analysis
Data for this study were gathered and processed using measures of central tendency, frequency, percentage, and variability. The integrated CHEMAT reports a highest percentage correct mean score in cluster 5 (M = 95.88, SD = 3.24) compared to the percentage correct for the regular CHEM (M = 79.62, SD = 3.98) for the same cluster. 
Inferential Statistical Data Analysis

Prior to inferential statistical analysis, the researcher conducted a pre-analysis data quality screening procedure involving the search for missing data and outliers, analysis for the violation of test assumptions that focuses on the normality of the data, homogeneity of variance-covariance, homogeneity of regression planes, and linearity of dependent variables and covariates (Vannatta & Mertler, 2005).
Responses to the research questions were provided by conducting 3 statistical procedures: an independent samples t test, a one-way multivariate analysis of covariance (MANCOVA), and a profile analysis. Research question 1 was answered using an independent t test, a MANCOVA, and a profile analysis. Research questions 2 and 3 were answered using results from the MANCOVA analysis. The null hypotheses were accepted or rejected at either the .05 or the .001 level of confidence (Grimm & Yarnold, 2004).

Independent t-Test. The independent samples t test was used to determine significant mean differences in academic achievement between the control (Regular CHEM) and experimental group (Integrated CHEMAT). In this test, posttest mean scores for 5 testing clusters (i.e., cluster 1 posttest, cluster 2 posttest, cluster 3 posttest, cluster 4 posttest, and cluster 5 posttest) were compared; and results were analyzed for significant between-group differences. 

MANCOVA. The MANCOVA was used to determine the effects of the independent categorical variable (group membership) on multiple continuous dependent variables (posttest scores). It also allowed the researcher to control for the effects of covariates (Vannatta & Mertler, 2005). The posttest scores for the 5 content clusters were used as dependent variables; group membership was used as the fixed factor; and pretest scores and student GPAs were used as the covariates. The main and interaction effects of the group membership on the test scores were also analyzed. 
Profile Analysis. Profile analysis was used as a supplemental procedure to determine whether the experimental group and control group have different profiles on a set of dependent variable measures (Tabachnick & Fidell, 2007). The researcher used this procedure to determine the significant dependence of academic achievement on the instructional method used. Data included 5 dependent variables (5 posttests scores for 5 content testing clusters) and 2 covariates (pretest scores and GPA). 
In all statistical procedures used in this research, the criteria for significance were set at .05 and .001 confidence levels (George & Mallery, 2005; Pedhazur & Schmelkin, 1991). Correlation coefficients were determined for the 5 dependent variables (cluster 1 posttest scores, cluster 2 posttest scores, cluster 3 posttest scores, cluster 4 posttest scores, and cluster 5 posttest scores) and the 2 covariates (GPA and pretest scores). 
Results suggest that all correlation coefficients for the 5 posttest clusters are significant at p < .01. They all mutually show significantly strong positive relationships. The highest coefficient is reported between cluster 4 (M = 88.70, SD = 6.59) and cluster 5 (M = 87.75, SD = 8.93). r(135) = .758, p < .01. Conversely, both covariates (GPA and pretest scores) show significantly low inverse relationships with the 5 posttest scores (M = 30.37, SD = 8.47) and cluster 1 (M = 86.69, SD = 6.81). r(135) = -.001, p < .01. Pretest scores and GPA do not show significant relationships with the posttest scores (Grimm & Yarnold, 2004). 

Research question 1 sought to determine if integrating chemistry and the mathematics standards-based curriculum would significantly improve academic achievement in chemistry based on the results of the standards-based Chemistry Achievement Assessment (CHAAS) scores. Hypothesis 1 was used to determine the results of research question 1. The null hypothesis was rejected. The independent-samples t test indicated the chemistry students enrolled in the integrated chemistry and mathematics (Integrated CHEMAT) program (M = 93.41, SD = 2.13) scored significantly higher than the chemistry students enrolled in the traditional, block-schedule chemistry (Regular CHEM) program (M = 82.44, SD = 2.07, p < .001). The MANCOVA and profile analysis revealed similar results. The MANCOVA Wilks’ Lambda criteria indicated significant group differences in the instructional program used. Instructional program significantly affects the combined dependent variable, the posttest scores on the CHAAS (p < .001). Profile analysis results of between-subject effects showed that there is a significant difference of scores between the integrated CHEMAT and regular CHEM (averaged across all 5 posttests). This essentially suggests a difference in levels. 
_______________________________

Insert Figure 1 here

_______________________________

The standards-based integrated chemistry and mathematics program seems to have a positive effect on the chemistry academic achievement of high school students as measured by the CHAAS. Students enrolled in the integrated CHEMAT seem to perform significantly better than students enrolled in the regular CHEM program as measured by the CHAAS.

Research question 2 sought to determine if the effect of the standards-based integrated chemistry and mathematics program would be consistent across the sub-domains based on the CHAAS, provided an overall effect existed. Hypothesis 2 was used to determine the results of research question 2. The null hypothesis was rejected. ANOVA analysis results from the MANCOVA reveal that instructional program significantly differs in all 5 cluster posttest scores. 
_______________________________

Insert Table 1 here

_______________________________

A comparison of adjusted mean posttest scores also shows that students in the integrated CHEMAT group have relatively higher percentage correct mean scores than those in the regular CHEM group in all 5 posttest clusters. Chemistry students enrolled in the integrated CHEMAT program scored significantly higher in all 5 posttests than chemistry students enrolled in a traditional, block-schedule regular CHEM program (see Table 1). Therefore, the effect of the standards-based integrated chemistry and mathematics program seems to be consistent across all 5 CHAAS content clusters.

Research question 3 sought to determine whether the effect of the standards-based integrated chemistry and mathematics program would still be significant on student academic achievement in chemistry based on the CHAAS if GPA and pretest scores were partialled out. Hypothesis 3 was used to determine the results of research question 3. The null hypothesis was rejected. Wilks’ Lambda criteria indicated significant group differences in instructional program with respect to overall cluster posttest scores if GPA and pretest scores are partialled out. The integrated CHEMAT program (M = 93.41,      SD = 2.13) scored significantly higher in all 5 posttests than the chemistry students enrolled in the regular CHEM program (M = 82.44, SD = 2.07), when pretreatment instructional conditions such as GPA and pretests were controlled [Wilks’             Lambda = .092, F(5,128) = 251.42, p < .001), η2 = .908]. The covariates (a) pretest scores [Wilks’ Lambda = .942, F(5,128) = 1.571, p = .173, η2 = .058] and (b) GPA [Wilks’ Lambda = .878, F(5,128) = 3.543, p = .005, η2 = .122] did not significantly influence the combined dependent variable (posttest scores). The effect of the standards-based chemistry and mathematics integrated program seems to be significant across all 5 CHAAS content clusters, regardless of pretreatment conditions such as GPA and pretests.

Discussion and Conclusions
Research Question 1


Results for question 1 show that integrating the standards-based chemistry curriculum with the mathematics curriculum does significantly seem to improve high school students’ academic achievement in chemistry. As indicated in the chemistry and mathematics standards matrix (California Department of Education, 2008), the chemistry concepts in the five instructional clusters are largely mathematics-based. Integrating the 2 curricula seems to have significantly improved proficiency of chemistry problem-solving skills, individual growth of chemistry skills, and achievement in chemistry skills. The significant improvement in achievement of the students enrolled in the standards-based CHEMAT program may be due to the wide mathematics content base in the chemistry curriculum. This result also seems to reinforce the hypothesis that when chemistry content is taught following a traditional pedagogy, some students tend to struggle with concepts that involve and require a lot of mathematics skills. Although the students who were enrolled in the regular CHEM program had already taken and passed Algebra 1, statistical results for this cluster reveal the need to integrate chemistry and mathematics teaching and learning for students to perform better (California Department of Education, 2008).
Research Question 2


Research question 2 asked whether or not the effect of the standards-based chemistry and mathematics integrated program on the chemistry academic achievement of high school students as measured by the CHAAS is consistent across the sub-domains. As previously indicated, the positive correlation coefficient results across the 5 clusters, students who perform better in the first CHAAS posttest seem to perform even better in the other subsequent clusters. This cluster-to-cluster test score academic achievement improvement may also be due to other psychological and motivational factors related to integration of curricula. MacIver (1990) found that students enrolled in integrated programs developed a positive team spirit and improved their work habits and attitude toward school work. Vars (1965) also supported this finding. Students in integrated programs demonstrate improved motivation for learning and showed reduction in behavior problems. Vars adds that when students are actively involved in planning their learning and in making choices, they are motivated more and their behavior problems decrease. Jacobs (1989b) reports that an integrated curriculum is associated with better student self-direction, higher attendance, higher levels of homework completion, and better attitudes toward school. The integration of the standards-based chemistry and mathematics curricula involved teaching and learning methods, scaffolding activities and reinforcement strategies that promoted an overall deeper content comprehension, retention and mastery that seem to have helped sustain the higher and better participation, and attention and achievement levels of students in all 5 chemistry content cluster teaching and instruction.

Research Question 3


Research question 3 asked whether or not the effect of the standards-based integrated chemistry and mathematics program would still be significant on student academic achievement in chemistry, based on the CHAAS, if GPA and pretest scores were partialled out. Considering that both groups (the integrated CHEMAT and the regular CHEM) had statistically identical GPA and pretest scores, higher student academic achievement in the integrated CHEMAT in all 5 clusters of the CHAAS compared to the academic achievement of the students in the regular CHEM seems to demonstrate that enhancement for better learning and achievement was gained during integrated teaching and learning process in the CHEMAT program. This result further supports the need to integrate chemistry and mathematics instruction for chemistry students to perform significantly better than in traditional chemistry instruction programs. 

Implications 

1. Training requirements. Changing to an integrated curriculum requires systemic reform in the way teachers are prepared, certified, and assessed. This includes statewide student-teachers assessment and teacher credential renewal requirements and processes. Implications for teacher training include offering teacher preparation and credentialing courses on science (chemistry) and mathematics integration subjects in teacher training colleges and universities. Training should include some methodology classes on how to design, develop, implement, and evaluate site and district integrated curricula following cooperative, constructivist, and interactive learning strategies. 

2. Standards and assessment requirements. Implications for district and state content chemistry standards include setting high content and performance standards and establishing a K-12 integrated science and mathematics standards alignment system to further education and career pathways in line with the science framework. Implications for teacher assessment of student academic achievement include designing, practicing, and using authentic integrated formative and summative assessment strategies and tools such as integrated performance exams, portfolios, and rubrics to measure and document student progress in the chemistry and mathematics integrated subjects.

3. Practice requirements. Implications for practice include implementing specific structures for site, district, or county teachers to have more collaborative interdepartmental science and mathematics planning and assessment time as well as fostering a school culture where integration-based decision-making is encouraged among all teachers and students. 
4. Resource requirements. Implications for resources and staff development include raising intellectual, material, and financial resources for supporting chemistry and mathematics curriculum development, management, and implementation. 
5. Staff development requirements. Implications for staff development include establishing interactive local site, district, national, and international integrated chemistry and mathematics curricula networking and special seminars that facilitate continuous and consistent assistance to teachers on the development, implementation and evaluation of a shared, schoolwide integrated curriculum vision. This research study clearly indicates that improving the knowledge base and practices of staff teaching chemistry courses requires a schoolwide commitment to developing a community of integrated curriculum teachers and learners. Staff development activities should also include significant constructivist-oriented interventions of knowledge development and teaching pedagogy. 

Contributions to Literature


This study has contributed to the growing body of literature exploring the integration of science and mathematics curriculum, specifically the integration of chemistry and mathematics curriculum and teaching practices in high school to improve student academic achievement in chemistry. The literature states that when students are in high school, they either acquire the skills and academic knowledge they need to succeed in college and achieve in life, or they fall so far behind that they surge through school with minimal hope of a brighter future (Focused Reporting Project, 2000). This research has empirically proven, reinforced, and substantiated beliefs that integrating science, specifically chemistry and mathematics improve student achievement in high school chemistry.

This research provides fundamental empirical analyses that demonstrate integrating chemistry and mathematics curriculum improves student academic achievement. O’Connor (2003) noticed an improvement in learning interest among the students when he made a non-empirical observation on high school classroom activities that connected chemistry and algebra course content. Although O’Connor’s subjective observation was an important step toward high school curricular integration endeavors, recent literature noted that there is no empirical research base or literature documentation of student chemistry academic performance available regarding the integration of standards-based high school chemistry and mathematics through interdisciplinary teams and the resulting impact that such an approach has on learning chemistry (Critical Issue, 2005). This research provides a base for student chemistry performance improvement.
Recommendations for Action

1. Students in the integrated CHEMAT showed greater achievement in chemistry, revealing that chemistry instruction using an integrated chemistry and mathematics curriculum is a viable alternative to the traditional curriculum. The integrated curriculum adheres to the constructivist theory (Krupnik-Gottlieb, 1995) and is more consistent with the national science standards than the traditional curriculum. In the integrated curriculum, students experienced a curriculum that provided connections between disciplines, opportunities to learn independently and in groups to communicate chemistry and mathematics ideas to solve problems, and opportunities to model real-world phenomena. It is, therefore, recommended that the chemistry and mathematics standards-based curriculums be integrated in high school.

2. It is recommended that performance standards integrating the chemistry and mathematics academic standards be written and implemented for the integrated chemistry and mathematics classrooms to assess student knowledge and academic achievement.

3. Curricula integration in this study was largely skill and theme-based, and it yielded positive results: significant student academic achievement. It is recommended that a standards-based, skill- and theme-based chemistry curriculum utilizing the National Science Education Standards and the California Science Standards in chemistry is written and implemented for high school chemistry classes.

4. In this study, the project teacher had to constantly evaluate and modify some of the teaching and learning procedures based on the requirements of the content taught and the student needs. This back-and-forth evaluation and implementation process was a very time-consuming teaching cycle that required a lot of planning and teaching materials. It is recommended that teachers receive the appropriate professional development to adequately implement the integrated chemistry and mathematics standards-based curriculum.

5. During the course of the study, several curriculum, strategies, and activities modifications had to be done to accommodate the individual needs of the students. It is, therefore, recommended that if adopted, then the integrated chemistry and mathematics curriculum and teaching practices be constantly revised and modified as necessary to better enable student academic achievement.

Recommendations for Future Research

Although this study was conducted over a period of a year on a block-schedule and still revealed significant effects of treatment, it is recommended designing a study that would allow long-term integration efforts to occur. Normally integration studies require relatively longer treatment periods (LaPorte & Sanders, 1992).This would allow students to fully engage in integrated learning or the teacher to become more comfortable with and proficient in integrated teaching and learning.

This study implemented 90-minute block scheduled chemistry lessons which seemed to facilitate the implementation of the integrated CHEMAT by allowing time for the project teacher to structure and deliver all the required and necessary review and reinforcement mathematics exercises. A study involving the implementation of varied lesson delivery times is recommended for high school lessons intended for integrating chemistry and mathematics curriculum and teaching practices.

Although this study demonstrated significant effects of an integrated chemistry and mathematics program as measured by the results of the CHAAS, the development of an instrument that does not solely rely on forced-choice questions to measure student achievement is recommended. Additional learning and assessment opportunities in the form of open-ended and problem-solving types of questions should be made available to the students so they can apply the integrated real-world situation content.

Convenience sampling was used in this research. Classes used were already intact, and the researcher used 2 teachers with their assigned students. Factors such as teacher content experience, teaching style, professional development, and other training exist and could not be removed; these factors could subsequently provide alternate explanations for the level of program success and student achievement. The control group teacher was only credentialed in chemistry teaching, while the experimental group teacher has expertise in both chemistry and mathematics instruction. The researcher, however, believes that using 2 teachers, one from each content area, chemistry and mathematics, to work cooperatively on the program to teach the same integrated group would enhance the integrated teaching and learning efforts because of content expertise and required preparation time.

While there was no apparent bias in student assignment to research groups, the sample groups were already intact, and there exists the possibility of differential selection due to variables that are unknown to the researcher. Both the treatment and control groups were at the same site. There could have been a possibility of information and content diffusion between groups that might have altered research results. Therefore, it is recommended that subsequent studies on the integration of chemistry and mathematics curriculum and teaching practices on student academic achievement in chemistry be conducted at several different high schools. 

This research was conducted in a rural district in Southern California where the predominant population was Hispanic. To further explore the effect of other demographic factors, it is recommended that subsequent studies on the integration of chemistry and mathematics curriculum be conducted in Southern California with suburban demographics, with urban demographics, with different LEP and at-risk demographics, or with different socioeconomic demographics than the sample population of this research.
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Figure 1. Mean score profiles for the integrated CHEMAT and the regular               CHEM.
Table 1
Adjusted Means, Standard Deviations, and One-Way Analyses of Variance (ANOVAs) for Effects of Instructional Program on Five Dependent Variables

	Variable
	Integrated CHEMAT

________________
	Regular CHEM

_____________
	ANOVA

______________

	
	M
	SD
	M
	SD
	F(1, 132 )
	η2


_______________________________________________________________________

	Cl 1 posttest score
	91.64
	5.17
	81.70
	4.01
	157.42*
	.54

	Cl 2 posttest score
	91.71
	4.87
	83.66
	3.00
	133.78*
	.50

	Cl 3 posttest score
	93.63
	4.69
	83.53
	5.09
	150.37*
	.53

	Cl 4 posttest score
	94.04
	3.94
	83.36
	3.86
	259.81*
	.66

	Cl 5 posttest score
	95.88
	3.24
	79.62
	3.98
	673.21*
	.84


________________________________________________________________________

Note: η2 = effect size. Cl = Cluster.
* p < .001
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