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Chapter

Impact of Integrated Science and 
Mathematics Instruction on Middle 
School Science and Mathematics 
Achievement
Zenaida Aguirre-Muñoz, Brian Dang and Elias S. Loria Garro

Abstract

Despite the impetus from professional organizations for science and math  
integration, evidence in support of such efforts in raising both science and mathemat-
ics achievement is scarce, particularly for underrepresented students. The available 
literature is mixed especially regarding impact on mathematics outcomes. This 
exploratory study documents the impact of the Middle School Math and Science 
(MS)2 Integration project based on the results of the internal evaluation of an inten-
sive teacher training model for integrated science and mathematics in middle school. 
Multivariate analysis of variance shows (MS)2 positively impacted middle school stu-
dents’ science and mathematics knowledge in this sample of diverse students. Overall, 
the (MS)2 group outperformed the comparison group. There was also evidence that 
students who received (MS)2 integrated instruction in science classrooms slightly 
outperformed those who received (MS)2 integrated instruction in math classrooms. 
Multiple regression results indicated that (MS)2 group membership and opportunity 
to learn through integrated instruction were significant predictors of students’ science 
and mathematics scores. Although students in (MS)2 classrooms were more likely to 
have higher achievement scores, the frequency of integrated instruction opportuni-
ties also significantly predicted student achievement, particularly in mathematics 
classrooms. Ethnicity and gender were not significant predictors of student scores. 
Implications are discussed.

Keywords: integrated science and mathematics instruction, mathematics achievement, 
middle school, science achievement

1. Introduction

Science and mathematics integration has become increasingly popular in recent 
years. In the USA, the National Council of Teachers of Mathematics [1] and the 
National Science Teachers Association (NSTA) [2], continuously highlight the 
benefits of integrating science and mathematics to improve the quality of educa-
tion. Education researchers have advocated for the implementation of educational 
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initiatives that emphasize a science and mathematics integrated curriculum, such as 
the Mathematics Common Core State Standards (CCSS-M) and the Next Generation 
Science Standards (NGSS) [3]. A well-recognized benefit of integrated instruction 
is its alignment with student-centered approaches to learning that promote critical 
thinking (e.g., [4–6] interest [7], motivation [8] and cognitive engagement [9–11]. 
Indeed, integrated STEM (science, technology, engineering, and mathematics) can 
shift and shape STEM beliefs and engagement [12]. Despite the promise of these 
efforts, additional evidence of its impact on student science and math achievement is 
needed [13, 14].

Thus, the main purpose of this study was to examine the impact of integrated 
science and mathematics instruction on middle school student achievement and to 
examine if the impact varies by classroom disciplinary context (i.e., whether inte-
grated instruction occurred in mathematics classrooms or science classrooms) or by 
student gender. A secondary purpose is to examine the extent to which integrated 
science and mathematics instruction is a predictor of student science and mathemat-
ics achievement beyond student ethnicity, gender, or classroom disciplinary context. 
These analyses will also provide information about the degree to which the impact of 
integrated instruction is shared equally among student of different ethnicities and 
genders.

1.1 What is integrated instruction?

Although there are several definitions of science and mathematics integration, 
three definitions serve as the foundation for the definition applied in this study. Ref. 
[15] proposed the Berlin-White Integrated Science and Mathematics (BWISM) model 
that emphasizes the need to integrate big ideas that are common in both science and 
mathematics to enhance integration of the curriculum. A second definition, proposed 
by [16] underscores integrated instruction happens when there is alignment between 
content of the CCSS-M and NGSS. For instance, two disciplinary practices that align 
with the CCSS-M and NGSS are the use of arguments. The NGSS promotes activities 
in which students engage in arguments from evidence, while the CCSS-M encourages 
students to make viable arguments and critique the reasoning of others when learning 
new mathematical concepts [13]. Therefore, teachers can design activities in which 
students make interdisciplinary connections to further understand specific topics 
pertaining to both science and mathematics. These two integration perspectives draw 
attention to the synergistic relationship between science and mathematics content 
and disciplinary practices. These synergistic relationships refer to concepts that 
mutually correspond to both science and mathematics, which may also overlap in dis-
ciplinary norms, cognitive demand, or complex problem-solving [13]. For instance, 
teachers can integrate science and math instruction by teaching students inductive 
and deductive reasoning strategies to find patterns in both science and mathematics 
activities [15]. In this context, teachers exploit mathematical concepts such as dif-
ferential equations (functions) to teach about exponential growth and decay within 
ecosystems in relation to specific populations.

Consequently, instruction that emphasizes synergistic relationships between sci-
ence and mathematics provides students with interdisciplinary connections that helps 
them understand and make deeper connections with content concepts [17–19]. The 
third definition proposed by [20, 21] highlights the importance of using the integra-
tion continuum model to assess progress towards fully integrated practice. This model 
reflects overlapping elements between mathematics and science in instruction. That 
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is, movement along the continuum represents different levels of integration whereas 
the ends of the continuum signal non-integrated practice [21]. Informed by these 
approaches to integration, we define integration as instruction that “coordinates the 
teaching of science and mathematics through engagement with disciplinary practices 
and/or coordinating concepts” [13].

1.2 Impact of math science integration

Advocates for integrated instruction argue that (a) deep understanding depends 
upon connections between ideas and (b) integrated instruction better resembles 
problems people will face in the real-world [22]. Previous studies provide the theoret-
ical justification as well as initial empirical evidence that integrated instruction leads 
to increases in math and science achievement [23, 24], student interest [25, 26], and 
creativity [27]. More recent quasi-experimental methods and randomized controlled 
trials provide further empirical evidence that the use of integration increases student 
interest [28], math and science achievement [29], and problem-solving skills [30]. 
For example, [30] separated 4th grade students into an integrated math-science group 
and a control group (N = 117). Both groups of students studied the same topics for 
8 weeks and took a problem-solving skills pre-test and a post-test. Results indicated 
that the integrated instruction group had a larger increase in problem solving skills 
than the control group. Similarly, [29] collected science assessments and attitude 
surveys from students in 8th grade math-science integrated classrooms and compared 
them to non-integrated classrooms (N = 1695). They found students in integrated 
classrooms had higher confidence in graphing, understanding of math-science 
integrated concepts and female students outperformed male students in science. We 
build on these studies by examining the impact of integrated instruction on science 
and mathematics achievement and explore the relationship between opportunity to 
engage in integrated instruction and achievement. We also examine if these opportu-
nities had a differential impact based on student ethnicity or gender.

1.3 Context for the study

This study was part of a larger research study investigating the effectiveness of 
an intensive middle school integrated science and mathematics teacher development 
project: The Middle School Math and Science Integration program (MS)2. This larger 
project was a three-year state-wide teacher development program providing teachers 
with a master’s degree in multidisciplinary science and mathematics instruction in 
a hybrid environment. Program coursework and activities were designed to develop 
teachers’ content and pedagogical knowledge to implement integrated instruction. 
Teachers took synchronous online courses over the fall and spring semesters and 
engaged in intensive face-to-face instruction over extended summer sessions. Initial 
evidence of positive impact on teacher learning and practice has been published else-
where [13]. The focus of this paper is to report on the impact of integrated instruction 
on middle school students’ science and mathematics achievement.

The main goal of the larger teacher-training project was to increase teachers’ 
pedagogical content knowledge (PCK) [31] Three education courses aimed to: (a) 
expose teachers multiple integration approaches; (b) provide multiple models of fully 
integrated lessons; and (c) provide meaningful opportunities to situate these lessons 
in culturally and linguistically diverse classroom contexts. Two mathematics and 
seven science content courses served to engage teachers in complex science and math 
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content and problem solving intended to support teachers’ development of content 
knowledge needed to construct and implement effective integration lessons. Three 
of the content science courses were taught in an integrated manner. In these courses, 
a science professor (i.e., biology or physics professor) co-taught with a mathematics 
professor to provide teachers with experience in integrated instruction at the profes-
sional level. Thus, were simultaneously enrolled in both a science and mathematics 
course that were designed to complement the content of the other discipline.

To support learning of science and mathematics disciplinary practices, teach-
ers were also provided with opportunities to engage in mathematics and scientific 
communities through local and national research lab participation. Required research 
lab experiences further supported the development of these habits of mind (e.g., 
healthy skepticism, curiosity, appreciation for new ideas, etc.) and grounded their 
pedagogical content knowledge (PCK). If teachers are to create authentic communi-
ties of practice in their science and math classrooms, they need direct experiences 
in discipline-based communities of practice. These experiences have been linked 
to improved science teaching quality and improved student performance [32]. In 
their second year of program participation, teachers were invited to participate in 
research either locally or in national research labs. Finally, teachers collaborated with 
other teachers and STEM faculty to develop artifacts they used in their classrooms. 
Development of these materials also supported development of PCK contextualized 
to their classroom environments. A sample of teachers from this larger project was 
recruited to participate in the current study. We report on the impact of integrated 
science and mathematics instruction on student learning. The specific research 
 questions addressed here include:

1. What is the impact of math and science integrated instruction on student 
achievement? Does math or science achievement vary by disciplinary context?

2. What classroom (disciplinary context and level of integration opportunities) 
and student factors (ethnicity, gender) significantly predict science and  
mathematics achievement?

2. Methodology

A 2 [instruction group: [(MS)2 or comparison] by 2 (discipline context: math 
or science classroom) by 2 (gender: male or female) factorial research design was 
implemented to answer the research questions. Table 1 presents the research design 
and sample sizes for each cell. For the first research question, a multivariate analysis of 
variance (MANOVA) with instruction group, discipline, and gender as fixed factors and 

(MS)2 (MS)2 Control Control

Male Female Total Male Female Total

Math Class 66 79 145 81 56 137

Science Class 52 68 120 76 66 142

Total 118 147 265 157 122 279

Table 1. 
Design and cell sample sizes.
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mathematics and science achievement scores as dependent variables. For the second 
research question, two multiple regression analyses were performed with five predictor 
variables (instruction group, discipline context, integration opportunities, ethnicity, 
and gender) and mathematics or science achievement scores were the outcome variable.

2.1 Participants

2.1.1 Students

A total of 544 students [265 (MS)2 and 279 comparison] representing 19 diverse 
classrooms [9 (MS)2 and 10 comparison] from 19 schools in ethnically diverse schools 
throughout a state in the southwest of the United States participated in the study. Of 
these students, 50.5% (275) are male and 49.4% (269) are female. Student ethnicity/
race was reported as follows: 36.2% (197) Latinx; 27.5% (150) African American; 25.7% 
(140) White; and 10.5% (57) other. Students were also roughly evenly distributed 
between math and science classes with 51.8% enrolled in a mathematics class and 48.2% 
enrolled in a science class. The great majority of students (97.6%) received free and 
reduced lunch. The comparison group was matched based on socio-economic status.

2.1.2 Teachers

Nineteen [9 (MS)2, 10 comparison] middle school mathematics [9: 4 (MS)2, 5 
comparison] and science [10: 5 (MS)2, 5 comparison] teachers participated in the 
study. One of the (MS)2 teachers moved to another state in the middle of the year and 
thus was dropped from the study. Comparison group teachers were identified based on 
matching on three key teacher characteristics: years teaching in the discipline (math 
or science), gender (male or female), and completion of a master’s degree related to 
the discipline they taught or an education-related degree (e.g., MA in Curriculum and 
Instruction). At the time demographic information was collected, about 32% of these 
teachers [6: 3 (MS)2 and 3 comparison teachers] regularly taught two or more middle 
school grades, all taught 6th for at least one class period. Years of teaching experience 
ranged from 2 to 15, with an average of 7.23 years for the (MS)2 teacher and 6.67 for the 
comparison teachers. All participants [(MS)2 and comparison] hold certification in the 
content they taught. Teachers taught in schools where at least one third of the school 
student population is economically disadvantaged as indicated by state designation 
criteria (i.e., percent receiving free or reduced lunch). In addition, all the teachers at 
the start of the program taught in stand-alone mathematics or science classrooms. 
(MS)2 teachers enrolled in and completed the program (MS in Science Education) 
because of their interest in integration. (MS)2 teachers were asked to implement 
integrated instruction in their most ethnically diverse class. Teachers were identified 
based on having at least one class that had at least 50% students of color enrolled.

2.2 Instrumentation

2.2.1 Iowa test of basic skills (ITBS)

To determine the impact of integrated science and mathematics instruction, the 
Iowa Test of Basic Skills (ITBS)-are multiple-choice, standardized achievement tests 
for students in kindergarten through eighth grade- was administered to all students. 
The science and mathematics batteries were administered to students in April. 
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Students were given 60 minutes to complete the mathematics test and 60 minutes to 
complete the science test.

2.2.1.1 ITBS math

The math survey battery (63 items total) is comprised of three sections: (1) 
concepts and estimation section; (2) problem solving and data interpretation; (3) 
computation. The concepts and estimation section is comprised of 27 items that 
measure concepts such as numeration, properties of number systems, and number 
sequences; fundamental algebraic concepts; and basic measurement and geometric 
concepts- probability and statistics. The 20, estimation knowledge and skills items 
measure (a) standard rounding—rounding to the closest power of 10 or, in the case 
of mixed numbers, to the closest whole numbers; (b) order of magnitude involving 
powers of 10; and (c) number sense, including compatible numbers and situations 
that require compensation. The problem solving and data interpretation includes 6 
items that measure “problem-solving process” or “strategy.” Such items measure steps 
of (1) getting to know the problem, (2) choosing what to do, (3) doing it, and (4) 
looking back. The data interpretation skills assessed in this test are reading amounts, 
comparing quantities, and interpreting relationships and trends in graphs and tables. 
The computation section includes 10 items that assess a single operation—addition, 
subtraction, multiplication, or division on whole numbers, fractions, and decimals.

2.2.1.2 ITBS science

The science test consisted of 60 items from two ITBS forms to target more of the 
6th grade curriculum. Items targeted content and process pertaining to four domains: 
scientific inquiry, life science, earth and space science and physical science. Scientific 
inquiry targets understanding methods of scientific inquiry and process skills used 
in scientific investigations. Life science assesses knowledge of characteristics of life 
processes in plants and animals; body processes, disease, and nutrition; continuity of 
life; and environmental interactions and adaptations. Earth and space science assesses 
the Earth’s surfaces, forces of nature, conservation and renewable resources, atmo-
sphere and weather, and the universe. Physical science targets basic understanding of 
mechanics, forces, and motion; forms of energy; electricity and magnetism; proper-
ties and changes of matter.

2.2.1.3 ITBS reliability and validity

Several dozen validity studies indicate the ITBS instruments have strong techni-
cal quality (e.g., [33, 34]) with K-R20 coefficients ranging from 0.87 to 0.933 for the 
mathematics and 0.90 for science batteries. Past studies also show high correlations 
with state assessments, 0.76–0.81 (e.g., [35]) and measures (e.g., [36]) as is predictive 
of grade point average (e.g., [37]).

2.2.2 Integrated science and mathematics opportunity to learn student (OTL) survey

Students were asked to report on the frequency of integrated instructional oppor-
tunities. The integrated instruction OTL survey was comprised of eight items asking 
how often content concepts represented integrated topics, how often the teacher 
explained how concepts were integrated, how often the teacher provided feedback 
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prompting making connections between content areas and how often the lessons 
involved science inquiry or project-based learning. Students reported their response 
on a five-point scale ranging from “1” representing never or hardly ever, to “5” rep-
resenting “every day.” Internal consistency for this survey was .88, indicating strong 
reliability. Internal consistency on these items was strong (.92, Cronbach alpha).

2.3 Procedures

2.3.1 Teacher training

(MS)2 teachers were trained on math and science integration as part of a hybrid 
master’s program [13]. Teachers participated in a two-year state-wide program that 
provided teachers with a master’s degree in multidisciplinary science and mathemat-
ics instruction in a hybrid environment. Program coursework and activities were 
designed to develop teachers’ PCK to implement integrated instruction. Teachers 
took synchronous online courses during the fall and spring semesters and engaged in 
intensive face-to-face instruction during two summer sessions. A total of 12 courses 
included three education courses noted in the Context for the Study section above. 
Two mathematics courses targeted middle school mathematics and were integrated 
with biology content. Seven science content courses engaged teachers in complex 
science problem solving. These content courses supported teachers’ growing develop-
ment of content knowledge needed to construct and implement effective integration 
lessons. Six of the nine content courses were taught in an integrated manner with 
mathematics and science purposes of teaching integrated topics.

2.3.2 Lesson development

In each of the content courses, teachers developed integrated lesson plans in learn-
ing circles. Each learning circle consisted of one mathematics middle school teacher, 
one middle school science teacher and one faculty member. These triads developed 
integrated lesson plans in each of the content courses and the faculty member pro-
vided feedback on the integrity of the content concepts targeted by the lessons and 
the appropriateness for math and science integration. We have reported elsewhere 
that initially these lessons did not represent fully integrated content, but as they 
progressed in the program, the level of integration reflected synergistic concepts and 
improved student feedback [13]. Teachers used the lessons they developed during the 
master’s coursework throughout the yearlong implementation of this study.

Comparison group teachers received 6 hours of regular district training in science 
inquiry and problem-based learning and attended the mandatory district training 
throughout the year of the study. Teachers administered the science and mathematics 
integration opportunity survey as well as the mathematics and science assessments in 
May of the year the study took place.

3. Results

3.1 Impact on student learning

The MANOVA results indicated there were statistically significant differences 
in achievement based on instructional group, F(2, 535) = 1004.48, p < 0.001; Wilk’s 
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Λ = 0.210, partial η2 = 0.790. Prior to examining the between-subject effects, the 
homogeneity of variance assumption was tested for both achievement measures. The 
Levene’s F tests were statistically significant (p < 0.05), suggesting that the variances 
associated with math and science achievement were not homogenous. However, an 
examination of the standard deviations revealed that none of the largest standard 
deviations were more than four times the size of the corresponding smallest standard 
deviation (Table 2), indicating that the between-subject effects would be robust in 
this case [38].

Between subject effects showed the instructional group had a significant effect on 
both math and science achievement, F(1, 536) = 1057.19, p < 0.001; partial η2 = 0.663 
and F (1, 536) = 1516.57, p < 0.001, partial η2 = 0.739, for math and science achieve-
ment, respectively. Math and science mean comparisons show the (MS)2 group 
outperformed the comparison group regardless of gender and disciplinary context 
(Figure 1). Effect sizes (partial η2) are large indicating the instruction group effect 
accounts for a large proportion of the variance in student scores. Disciplinary con-
text did not significantly affect students’ mathematics ITBS scores (p = 0.229). The 
disciplinary context main effect for the science ITBS scores, however, was nearly 
significant (p = 0.051). Given the observed power was below optimal levels (0.424), 
this result may be attributable to sample size [39]. Mean score differences in science 
achievement between students in math and science classes (Figure 1) was 0.12 which 
is not meaningfully different. Gender differences were also not significant (p’s > 0.05). 
Thus, student math and science performance was comparable whether they were in 
math or science classrooms or whether they were male or female students.

Math Achievement

Variable Math Class Science Class

(MS)2 Group Control Group (MS)2 Group Control Group

x SD x SD x SD x SD

Male 46.95 9.35 26.37 3.13 45.63 8.93 26.80 3.03

Female 46.46 11.33 26.13 2.901 49.81 9.94 26.73 3.13

Total 46.68 10.44 26.27 2.03 48.00 9.708 26.77 3.07

Science Achievement

Variable Math Class Science Class

(MS)2 Group Control Group (MS)2 Group Control Group

x SD x SD x SD x SD

Male 59.00 5.69 47.01 2.652 61.37 1.59 46.17 4.30

Female 59.87 4.48 47.54 4.17 61.60 1.90 47.00 5.06

Total 59.48 5.07 47.23 3.35 61.50 1.77 46.56 4.67

1The assumption that the largest standard deviation is not more than four times than the size of the corresponding smallest 
standard deviation is met [38]. In this case, 2.90 is the smallest SD and 11.33 is the largest SD. Since (2.90 × 4) = 11.6 
and 11.6 > 11.33 the assumption is met.
2The assumption that the largest standard deviation is not more than four times than the size of the corresponding smallest 
standard deviation is also met. In this case, 2.65 is the smallest SD and 5.69 is the largest SD. Since (2.65 × 4) = 10.6 and 
10.6 > 5.69 the assumption is met.

Table 2. 
Means and standard deviations for math and science achievement.
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For math achievement, the instruction group by disciplinary context interaction 
was not significant, F(1, 536) = 0.154, p = 0.695, partial η2 < 0.001. However, for sci-
ence achievement, the instructional group by disciplinary context interaction effect 
had a significant effect on science achievement, F(1, 536) = 15.502, p < 0.001, partial 
η

2 = 0.028. Cell mean comparisons show the (MS)2 group performance advantage 
depended slightly on disciplinary context (Figure 2). That is, (MS)2 students in 
science classes performed slightly higher on the science ITBS (x = 61.50) than (MS)2 
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students in math classes (x = 59.48). However, the effect size was small indicating the 
magnitude of this difference is relatively small. Comparison group students’ achieve-
ment did not differ based on whether they were in math or science classes (Figure 2). 
No other interaction effects were statistically significant (p’s > 0.05). Boys’ and girls’ 
performance was comparable regardless of whether they were enrolled in a math or 
science class, and performance was also comparable across instruction groups. The 
three-way interaction was also not statistically significant (p > 0.05).

3.2 Predictors of math and science achievement

Two separate multiple regressions were conducted to identify significant predic-
tors of math and science achievement. The Breush-Pegan and Koenker test was 

Figure 2. 
Interaction effects for science and mathematics achievement. Note: * statistically significant at the 0.001 level; gray 
line represents the grand mean.
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significant for both the science and mathematics scores, indicating the heteroskedas-
ticity in the data. To correct for the non-constant variance in the regression results 
(heteroscedasticity), a heteroskedasticity- consistent estimator (HC3 method) was 
used to calculate robust standard errors in both regression analyses. The predictor 
variables for both analyses included three classroom factors (instruction group, 
disciplinary context, integration opportunities) and two student factors (ethnicity, 
gender). Two of the three classroom variables (instruction group and integration 
opportunity) were found to be significant predictors of students’ science scores  
[F(9, 534) = 205.378, p < 0.001)] with an R2 of 0.772 indicating the model accounted 
for 77.2% of the variance in science scores. Students’ predicted science achievement 
scores was equal to 44.028–9.758 (instruction group) + 1.856 (integration opportu-
nity) where instruction group was coded as 0 = (MS)2 and 1 = control group, and 
integration opportunity was measured on a five-point Likert scale (1 = very few or 
no integration opportunities, 5 = daily integration opportunity). Results show that 
science scores were 9.758 points higher for students in the (MS)2 group and their 
scores increased by 1.856 points for every one-point increase in reported integration 
opportunity. Neither student ethnicity nor student gender were significant predictors 
of the science achievement. Disciplinary context was also not a significant predic-
tor of science achievement. Further, none of the interaction terms were significant 
predictors of science achievement.

Like the science achievement results, two classroom variables (instruction group, 
integration opportunity) significantly predicted mathematics achievement scores 
[F(9, 534) = 195.794, p < 0.001)] with an R2 of 0.764 indicating the model accounted 
for 76.4% of the variance in student math scores. Students’ predicted math achieve-
ment score was equal to 18.178 + 9.271 (instruction group) + 5.293 (integration 
opportunity). Instruction group and integration opportunity were coded the same as 
in the science achievement analyses. Math scores were 9.271 points higher for the stu-
dents in the (MS)2 group and increased by 5.372 points for every one-point increase 
in reported integration opportunities. Like science scores trends, neither student 
ethnicity nor student gender were significant predictors of the math achievement. 
Disciplinary context nor any of the interaction effects were significant predictors of 
math achievement.

4. Limitations

There are design limitations that should be considered when interpreting the 
results of this study. Since all of the (MS)2 teachers showed interest in integration 
when enrolling in this program, there may be a selection bias for the intervention 
group influencing the results. Another limitation is the lack of additional informa-
tion related to student background, such as prior math and science achievement. 
This limited our ability to test for potential initial differences between instruction 
groups, meaning that the generalizability for this study is limited. Initial differences 
between the groups cannot be fully attributed to effectiveness of the (MS)2 group 
since the groups may not have been equivalent. Further, given the homogeneity issues 
noted in the MANOVA results section, the results may be biased. However, since the 
sample sizes of the instruction group and comparison group are comparable (265 and 
279) the analysis of variance can be considered robust for violation of homogeneity 
of the variances [40]. Another potential study limitation is that results may not be 
generalizable to students outside of the region within the United States the study was 
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conducted. Therefore, additional studies should focus on replicating this current 
project using a national representative sample. Despite these limitations, the large 
effect sizes suggest the approach is promising.

5. Discussion

This study sought to examine the extent to which integrated science and math-
ematics instruction impacted student science and math achievement and to explore 
the extent to which opportunities to engage in integrated science and mathematics 
instruction significantly predicted student achievement above and beyond student 
gender, ethnicity, and disciplinary context. The results show (MS)2 positively 
impacted middle school students’ science and mathematics knowledge in this sample 
of students. Students who received (MS)2 outperformed students in the comparison 
group on science and mathematics achievement tests.

5.1 Interaction effects

The significant disciplinary context by instruction group effect for science 
suggests that students who received (MS)2 integrated instruction in science class-
rooms slightly outperformed those who received (MS)2 integrated instruction in 
math classrooms. This interaction effect was not found for mathematics achieve-
ment. This pattern suggests that the impact of integrated instruction differs for 
mathematics achievement depending on whether the instruction was delivered in 
a science or mathematics classroom. Stronger science achievement was observed in 
(MS)2 science classrooms than (MS)2 mathematics classrooms; but the mathemat-
ics achievement impact was comparable in both contexts. This finding may be a 
result of differences in pedagogical practices, learning objectives, or skill require-
ments that are different in science and mathematics classrooms. Given science 
classrooms would target more science content than mathematics classrooms, it is 
not surprising that students in science classrooms slightly outperform students who 
received integrated instruction in mathematics classrooms. Thus, this finding likely 
reflects the differences in content standards for which science and mathematics 
teachers are responsible. On the other hand, a disciplinary context by instruction 
group interaction effect for mathematics achievement was not observed. Therefore, 
one could argue that an interaction effect should have been observed given the 
emphasis in mathematics in math courses. Yet, mean scores on the mathematics 
ITBS were comparable whether students received (MS)2 instruction in a math or 
science classroom.

This pattern could be attributable to the science emphasis in the (MS)2 profes-
sional development experience. Teachers in the (MS)2 group took more science 
than mathematics courses. This imbalance in content emphasis may have contrib-
uted to the lack of instructional group by disciplinary context interaction effect for 
mathematics achievement. Therefore, future studies should examine the impact 
of different proportions of science and mathematics content exposure teachers 
receive on their students’ achievement outcomes. These differences could also be 
attributable to student level factors such as task orientation [41] or school level 
factors such as socioeconomic composition [42]. Future studies should scale up 
efforts to examine the role of these factors in mediating the impact of integrated 
instruction.
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5.2 Magnitude of impact on mathematics achievement

What was not expected was the findings related to mathematics achievement. The 
effect size for the (MS)2 impact on mathematics achievement (η

2 = 0.663) was larger 
than reported impacts in past research [43]. Although there is limited research on the 
differential impact of integrated instruction on mathematics achievement, past research 
has suggested that integrated instruction may be problematic for mathematics content 
learning [44, 45]. For example, in a meta-analysis conducted by [43], 9 of 13 studies had 
effect sizes for mathematics achievement of 0.2 or less. In contrast, 6 of 13 studies had 
effect sizes for science achievement of .50 or greater and nine studies having effect sizes 
above 0.20. Further, other scholars have argued that an integrated approach may not be 
consistent with mathematics epistemic knowledge which, in turn, restricts mathematics 
learning [46]. The higher impact observed for mathematics achievement may have been 
due to the prolonged training teachers received in the project or the multiple opportuni-
ties teachers were provided to engage with faculty in science and mathematics research 
laboratories. These experiences may have contributed to differences in teaching prac-
tices that contributed to greater gains in student mathematics achievement. Though, 
as noted above, the proportion of mathematics to science content engagement in the 
training may not be ideal for developing teachers’ mathematics PCK.

5.3 Predictors of science and mathematics achievement

The regression results provide a potential explanation for the higher effect sizes 
observed in mathematics achievement. Recall that (MS)2 instruction increased 
student mathematics and science achievement scores by 9 to 10 points. The relative 
consistency in the provision of integrated opportunities also significantly improved 
student math and science scores. We also observed the magnitude of the impact 
on the math scores was higher than the science scores. Integrated opportunities 
increased mathematics scores by over 5 points for each level of increase of integra-
tion opportunity, compared to a 1.9-point increase in science scores. Students in our 
sample, particularly the (MS)2 group, may have had more consistent opportunities to 
engage in science and mathematics integrated instruction than students from other 
studies. Minimally, the regression results suggest that another source of variability 
of impact on mathematics achievement is related to the frequency of opportunities 
students are provided to engage in integrated lessons. It is possible the larger effect 
sizes are attributable to the quality of instruction students in (MS)2 group received 
as resulting from the extensive training (MS)2 teachers received. Although we would 
expect the intensive training teachers received would impact their commitment to 
provide consistent opportunities for integrated instruction, student reports of inte-
grated instruction opportunity was a significant predictor of mathematics achieve-
ment which suggests variability in the frequency of these opportunities in the (MS)2 
sample. This finding underscores the impact of consistent opportunities to engage 
in integrated instruction is also important in raising student scores, particularly for 
mathematics. Future studies could examine this impact more directly by varying the 
consistency in the frequency of integrated opportunities.

5.4 Differences across gender and race/ethnicity

We also found that gender and race/ethnicity did not significantly predict student 
outcomes despite consistent research showing both gender [47] and race/ethnicity 
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gaps [48] in math-science achievement in the US. Ethnicity and gender did not sig-
nificantly predict science and mathematics achievement in the integrated instruction 
groups regardless of whether they were in an integrated math or integrated science 
class. This finding suggests that integrated science and mathematics instruction 
can lead to more equitable outcomes in mathematics and science achievement and 
therefore should be considered as a promising approach to reducing achievement 
gaps. These findings are encouraging given that others have found the impact is not 
uniform across groups of students. For instance, in a large scale, quasi-experimental 
study, [48] found achievement disparities persisted, advantaging Anglo-American 
students, despite the integrated SE instruction. [48] also found a significant relation-
ship between quality of SE integration and student outcomes. They concluded that 
low integration quality largely contributed to the lack of impact on student outcomes. 
The authors also acknowledged that the lack of instructional scaffolds for diverse 
learners likely contributed to group disparities.

6. Implications

The results of this study suggest integrated science and mathematics instruction 
is a possible strategy for improving student math and science achievement. Given the 
increasing evidence supporting the argument that integrated instruction promotes 
critical thinking, motivation, and persistence in STEM, it is critical to support teach-
ers and schools in developing this approach to STEM instruction. Integrated instruc-
tion appears to provide the experiences that shape student interest; over time, these 
opportunities can lead to sustained interests in STEM which is important in develop-
ing positive STEM identity and self-efficacy [7].

However, integrated instruction requires significant investment in the develop-
ment and dissemination of quality professional development for teachers. Teachers in 
the (MS)2 group received 2 years of professional development and they engaged with 
science and mathematics professors in designing curricular materials, practicing the 
presentation of synergistic concepts and principles, and conducting authentic disci-
plinary practices in university and national laboratories. This degree of investment is 
likely not possible in schools in the USA. Therefore, it is important for school districts 
to partner with university programs to provide experiences that meaningfully engage 
them in disciplinary practices with STEM professionals.

Further, teachers seeking to use integrated science and mathematics instruction 
need administrative support. In practice, this means administrators should allot time 
for teachers to collaborate with each other on the development of integrated lessons 
that work for science and mathematics classrooms. This structured time provides 
opportunities for science and mathematics teachers to gain from each other’s exper-
tise and experience. In addition, during appraisals and observations of teachers, 
administrators should also recognize teacher investment in integrated instruction and 
provide feedback in terms of the consistency of integration opportunities provided to 
students as well as the quality of math-science integration. Therefore, there is a need 
to expand current evaluation and observation tools to include an integrated instruc-
tion domain. For instance, the Texas Education agency (TEA) implemented the Texas 
Teacher Evaluation and Support System (T-TESS), which captures the quality of 
teacher instruction and its effectiveness in students’ outcomes. This measure includes 
three main components: goal-setting and professional development, the evaluation 
cycle (informal and formal observations), and a student growth measure. Therefore, 
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evidence of student opportunities to be engaged in integrated instruction can be 
collected by surveying the students’ perceptions of integrated instruction includ-
ing how often these opportunities were provided to them and the degree to which it 
helped their understanding of math and science content as a way to gauge students’ 
perceptions of the impact of these opportunities. Past large-scale studies investigat-
ing student perceptions of teaching quality as predictors of science achievement are 
mixed [49, 50] however, these studies use general surveys of student perceptions. This 
study surveyed student perceptions of the frequency of integrated instruction, not 
general quality perceptions.

7. Conclusion

Overall, the results of our study suggest that integrated science and mathematics 
instruction can yield strong results in mathematics and science learning for all stu-
dents. The large effect sizes indicate integrated science and mathematics instruction is 
promising in raising achievement for students from diverse ethnic and socioeconomic 
backgrounds, provided schools invest in supporting teachers in developing their 
ability to provide all students with meaningful and consistent integrated science and 
mathematics opportunities.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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