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In this study, we examine the relationship between student enrollment in a pre-college engineering
course, Project Lead The Way, and student achievement in science and mathematics. Using
multiple regression analysis (N = 176), controlling for prior achievement, freelreduced lunch
eligibility, and gender, students enrolled in PLTW courses performed marginally significant better
in mathematics than those who did not enroll in the course at 0.10 alpha level. However, there is no
significant relationship between PLTW course enrollment and student achievement in science. We
discuss the implications for these findings and provide recommendations focusing on: making
explicit integration between academic content and pre-engineering principles; developing assess-
ments that adequately represent students’ learning experiences in pre-college engineering, and
examining the impact of student prior achievement and social backgrounds on students’ later
academic development and career opportunities in engineering.
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1. INTRODUCTION

IN EVERY INDUSTRIALIZED nation engin-
eering serves as one of the primary vehicles for
technological innovation, economic prosperity,
national security, and advancements in public
health. However, current educational trends in
the U.S. portend a decline in these areas as the
mathematical and scientific preparation of Amer-
ican K-12 students decline in relation to other
industrialized nations, and US students opt out
of engineering programs and careers. To address
both the preparedness for and the appeal of college
programs and future careers in engineering, federal
mandates, such as the National Academy of
Sciences’ Rising Above the Gathering Storm [1]
and recent amendments to the Carl D. Perkins
Vocational Education Act, stipulate that voca-
tional and academic education must be integrated.
Substantial resources have been allocated ‘to
provide vocational education programs that inte-
grate academic [math and science] and vocational
education so that students achieve both
academic and occupational competencies.’[2]. To
address this mandate, structured ‘pre-engineering’
education programs have emerged to provide
hands-on, project-based curricula that focus on
the explicit integration of college preparatory
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mathematics and science knowledge with engineer-
ing activities.

However, this is not an easy task. As Rose [3]
points out, there is a fundamental challenge for
Technical Education (TE): Public education insti-
tutions are responsible for both the intellectual
growth and economic preparation of the youth in
our society. On one hand, TE programs often lack
a strong theoretical framework and a focus on the
formal reasoning needed to facilitate generaliza-
tion and life long learning in the face of rapid
technological advancements, or to gain entry in
demanding academic programs. On the other
hand, general education programs often fall short
in providing students adequate opportunities to
apply the formal knowledge, emphasizing instead
abstract descriptions and symbolic representations
of observable phenomena [4]. Rather than resol-
ving this paradox, the tendency in general educa-
tion is to classify students into varying ability
groups and project their career orientations
toward college preparatory courses or career-
oriented training [3]. While the potential for posi-
tive learning outcomes for students who experience
the integration between formal education and TE
is often discussed, little empirical evidence is avail-
able to assess the effectiveness of such integration.
The current research explores the extent to which
participating in these programs is successful at
improving high school students’ general math
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and science achievement. We focus on Project
Lead The Way (PLTW) as an exemplar of the
class of pre-college engineering programs that
strives to implement the integration for TE and
formal, college preparatory education.

1.1 Project lead the way

PLTW is one of the most widely used pre-college
engineering programs in middle schools and high
schools throughout the U.S. It is a multi-year,
problem-based/project-based curriculum that has
been adopted by over 1,400 schools (over 7% of all
US high schools) in all 50 states and the District of
Columbia [5, 6]. PLTW has two curricular
programs. The Gateway to Technology program
at the middle school level provides five nine-week
courses for students in grades six through eight
aimed at showing students how engineering skills,
including those from math, science and technol-
ogy, are used to solve everyday problems. The high
school program, Pathway to Engineering™ offers
three one-year foundation courses: Introduction to
Engineering Design, Principles of Engineering, and
Digital Electronics. Specialization courses such as
Aerospace Engineering, Biotechnical Engineering,
Civil Engineering and Architecture, and Computer
Integrated Manufacturing, as well as an engineer-
ing research capstone course entitled, Engineering
Design & Development are also available. The
Pathway to Engineering'™ curriculum is designed
to target students in secondary education who are
aspiring to pursue postsecondary engineering
studies.

In 2005 PLTW showed a significant pattern of
growth, with 75% of the states reporting that they
had already implemented the program, indicating
an increased awareness and demand for the
program and pre-college engineering courses [7].
Sander’s investigation [8] indicates that 85% of all
teachers who teach PLTW are TE teachers who
have had TE teaching experiences. The PLTW
curriculum extends beyond just course materials.
Everyone teaching PLTW courses must attend a
two-week professional development training
provided by PLTW’s affiliated colleges and
universities. The professional development train-
ing aims to make teachers proficient with the
PLTW curriculum [5]. Professional training for
high school guidance counselors is also available
for participating schools. In addition to hosting
summer training institutes and ongoing profes-
sional development, national affiliates offer grad-
uate college credit opportunities for teachers.

According to the PLTW website, when
combined with academic mathematics and science
courses, Pathway to Engineering ™ strives to intro-
duce students to the scope, rigor and discipline of
engineering and engineering technology [5]. Given
the broad content embedded in PLTW, those
students who do not intend to pursue further
formal education can also benefit greatly from
the technical knowledge and skills, as well as the
logical thought processes, which result from enrol-

ling in some or all of the courses provided in the
curriculum. The NRC report [1], Rising Above the
Gathering Storm, explicitly identifies PLTW as
offering a model curriculum for providing rigorous
K-12 content needed to improve math and science
learning and increase America’s technological
talent pool.

As described above, PLTW is an appropriate
choice of curriculum for our studies of the impact
of pre-college engineering on student learning in
science and math because of its widespread use, the
extensive teacher training program, and the
program’s stated focus on integration engineering
with science and mathematics. However, it is
important to acknowledge that PLTW 1is only
one program out of many for understanding
impact of the curricular integration between TE
and formal learning. We are aware that PLTW is
unique in some respects, and fosters its own
approach to teaching and learning. Therefore,
any findings associated with PLTW cannot be
immediately generalized to other TE programs,
though they will contribute to our understanding
of the complexities involved in pre-college engin-
eering studies more generally.

1.2 Prior empirical research on pre-college
engineering

Contemporary empirical studies have made
noticeable contributions to the research involving
pre-college engineering. One study found no signif-
icant differences by race or gender between TE
participants and the current general student popu-
lation [9]. Contrary to the general perception, the
majority of TE concentrators (i.e., those taking
three or more courses in a common career track)
go on to college, not directly to work; 80%
complete the same number of high school math
and science course credits as their non-TE peers;
and although TE concentrators as a group enter
high school less well prepared than academic-only
students, that gap is narrowed and may even be
eliminated by the time they reach graduation [10,
11]. A number of studies examining career acade-
mies—college-preparatory curricula with career
themes and established partnerships with commu-
nity businesses—have shown that career academies
enhance interpersonal social relations and engage-
ment among teachers and students. However, these
effects do not transfer to students’ achievement on
standardized tests, high school graduation rates, or
higher educational attainment [12, 13]. The results
of these studies suggest that the belief that TE
students are different from those perusing purely
academic programs is unfounded.

Only recently have there been studies specifically
directed at pre-college engineering curricula. In a
report comparing student achievement and learn-
ing experiences between PLTW students and other
TE students enrolled in the High School That
Works (HSTW) network, Bottom and Uhn [14]
found that PLTW students who completed at least
three PLTW courses scored higher in math and
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science on the National Assessment of Educational
Progress (NAEP), a set of national, standardized
tests that contribute to the ‘nation’s report card’
provided by the National Center of Educational
Statistics, compared to other TE students in the
HSTW network. According to this report, PLTW
students in the sample were more likely than their
HSTW counterparts to: complete four years of
mathematics and three years of science courses;
experience engaging instructional practices in their
courses; integrate reading, math, and science
knowledge into their TE courses; and perceive
high school as an important preparation for their
future. It is important to note that the sample of
students in this study composed of 65% White,
22% African American, and 13% Other. A large
proportion of the students’ parents pursued post-
secondary education (72%). Female students repre-
sent 14% of the sample. Because students were only
sampled from the HSTW network and represented
a specific demographic, these findings may not
generalize to high schools more broadly.

However, a number of recent studies have found
equivocal results. Our previous work on curricu-
lum analysis specific to PLTW [15] revealed that
the foundation courses provide very limited expo-
sure to the mathematical content identified by the
National Council of Teachers of Mathematics [16].
A much broader study of twenty-two pre-K-12
engineering curricula, including PLTW, produced
similar findings [17]. These investigators bemoaned
the prevalence of very basic mathematics and data
gathering activities at the expense of more sophis-
ticated and more relevant emphases on mathema-
tical modeling and engineering design. The lack of
emphasis on engineering preparation is also found
in higher education. A recent Carnegie report [18]
indicated that engineering schools, still heavily
influenced by the academic traditions, are not
preparing their students for the engineering profes-
sion which requires the acquisition of technical
skills. Our subsequent analyses of the PLTW
foundation curriculum showed that on the occa-
sions when the mathematics concepts do arise, they
are often implicitly embedded in the technology
and tools of the course activities [19] rather than
presented as pedagogical opportunities to expli-
citly integrate mathematical ideas into engineering
contexts.

2. HYPOTHESES OF THE STUDY

Drawing on prior work in this area, we consider
three major hypotheses to explain the possible
outcomes resulting from the integration of math
and science to pre-college engineering studies.
First, because a pre-college engineering course
like PLTW is an elective course, we assume that
students enrolled in these courses will receive addi-
tional instruction and practice time in science and
mathematics that are above and beyond that of the
regular academic program. It follows that pre-

college engineering course enrollment may be asso-
ciated with higher levels of subject area-specific
achievement. That is, students enrolled in PLTW
courses could benefit more from the exposure of
math and science content knowledge in an engin-
eering context that is different from the academic
courses taken by them and their non-PLTW peers.
This leads us to our prediction that, controlling for
prior achievement and other individual character-
istics, students enrolled in PLTW courses are
expected to demonstrate greater improvements in
their achievement in mathematics and science
compared to their non-PLTW peers. Following
our previous work [20], we call this the enriched
integration hypothesis. This hypothesis is supported
by previous research indicating that the best
predictor of achievement is time on task [21, 22].
Therefore, if the integration of science and math
topics is effectively implemented, and if this inte-
gration can yield positive learning outcomes, then
at a minimum, those taking PLTW courses should
experience increased time spent learning mathe-
matics and science, thus resulting in improvement
in student achievement. This integration provides
students with the opportunity to engage in hands-
on and real-world projects, and make connections
between the knowledge and skills taught in their
academic math and sciences classes and their
application to engineering projects. This compre-
hensive approach to instruction using collabora-
tive, technology oriented, project-based activities
enables students to synthesize and construct new
knowledge in various contexts [23].

Two alternative hypotheses must also be consid-
ered. The insufficient integration hypothesis ad-
dresses the possibility that there may be little or
no integration between math and science content
knowledge and the engineering activities in PLTW
courses. Even when there is integration, if it is done
at a superficial level it may result in little or no
impact on student learning. This hypothesis
predicts that controlling for prior achievement
and student characteristics, students enrolled in
PLTW course will perform the same as their
peers who do not enroll in these courses. Finally,
it is important to acknowledge that pre-college
engineering experiences have many unique qual-
ities that are different from the typical math and
science classroom. As such, the emphasis on colla-
borative design, engineering skills such as drafting,
computer-aided design (CAD), measurement and
fabrication may interfere with the analytical and
abstract exercises that typically make up math and
science assessments. The adverse integration
hypothesis recognizes that interference from pre-
college engineering could lead to changes in atti-
tudes, confusion, or even misconceptions that
hinder student performance. This hypothesis
predicts that, controlling for prior achievement
and student characteristics, students in PLTW
courses will show lower science and mathematics
achievement gains compared to students who are
not enrolled in these courses.
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Our recent study examined student math and
science achievement (N = 140) as a function of
PLTW enrollment for an ethnically and socio-
economically diverse school district (72% of
families qualified for the Free/Reduced Lunch
Program; 57% African American, 22% Hispanic,
12% White, 4% Asian, and 4% Other). We found
that, while students generally gained in math and
science achievement from 8th to 10th grade,
students enrolled in PLTW foundation courses
showed significantly smaller math gains than
those in a matched group that did not enroll in
PLTW courses [20]. We also found no measurable
advantages on science assessments, after control-
ling for prior achievement, student characteristics,
and teacher experience. We concluded that the
data provided no support for what they termed
the enriched integration hypothesis, which states
that, after controlling for prior achievement and
student characteristics, students taking one or
more engineering courses will be expected to
score higher on science and mathematics standard-
ized tests than the students with no engineering
coursework. Rather, we found the data most
closely aligned with the insufficient integration
hypothesis, in the case of science achievement,
and the adverse integration hypothesis, for math
achievement.

The results of our study mentioned above
suggest not only a lack of integration between
academic and pre-college engineering studies but
also a deficiency in engineering experiences that
are necessary to prepare students for future
advanced studies and careers in engineering.
When engineering experiences are put in place,
results show mixed learning outcomes. The current
study adds onto the existing body of research on
the impact of pre-college engineering studies by
investigating whether the results produced in
previous studies can be replicated using a sample
with different demographics—a school district
with a higher socioeconomic population—thus
expanding the generalizability of previous research
and contributing to a richer understanding of the
nature of engineering education at the high school
level.

This study expands on our previous work on the
effects of a pre-engineering curriculum on student
achievement in science and mathematics [20] in the
following ways: a) it uses different student demo-
graphics (larger proportion of students from
higher social economic background); b) a
random sampling technique is used to generate a
comparison non-PLTW group; and c) multiple
regression, rather than multi-level modeling, is
used to estimate the relationship between PLTW
and student achievement. It is important to note
that because we did not randomly assign students
to be in or out of these classes, causal claims are
not supported by the current design and analysis
techniques. However, the findings of this study will
provide us with greater insights about pre-college
engineering studies and factors that are associated

with student achievement in science and mathe-
matics.

3. METHOD

3.1 Sample

The current study reports findings from a
sample of participants who are completely differ-
ent from the participants analyzed in our previous
investigation [20]. It consists of 176 eleventh-
graders from four high schools in a moderately
diverse urban school district in the Midwestern city
with 30% students of color, 2% English Language
Learners, 24% eligible for free/reduced lunch
programs, and 15% identified for special education
services. The students in this sample reside in an
affluent community with median income for a
family is around $60,000. Surrounded by a major
university, 48.2% of city’s population over the age
of 25 holds at least a bachelor’s degree. In recent
years, Forbes magazine reported that the city has
the highest percentage of individuals holding PhDs
in the United States and having the lowest unem-
ployment in the nation: 2.5%, less than half of the
general U.S. population in 2004.

Using the school district information provided
on course enrollment, the PLTW group was iden-
tified—those who enrolled in PLTW courses in the
2007-2008 academic year. This sample composed
of 57 students enrolled in one or more PLTW
courses offered and 119 students in the same
grade level who did not enroll in PLTW courses
in the 2007-2008 academic year. The non-PLTW
group was identified using a random sampling
technique generated by the statistical software
SPSS where 119 students were randomly chosen
to represent the students in non-PLTW group.
Following the selection, cross-tabulation was
implemented to summarize information pertaining
to gender, ethnicity, free/reduced lunch, and
special education. The chi-square procedure was
used to test the null hypothesis that students in the
PLTW group and those in the non-PLTW share
similar characteristics with the alpha level set at
0.05. Overall, the results showed that-with the
exception of gender (p < 0.000)-differences in
free/reduced lunch eligibility (p = 0.273), special
education status (p = 0.575), and English profi-
ciency (p = 0.749) were not statistically different
between PLTW students and their non-PLTW
counterparts. The analysis above suggests that
the random sampling was a success resulting in
two groups with similar observable characteristics.
Table 1 provides a description of the students in
the sample.

3.2 Measures

Student achievement. Data on student achieve-
ment including 2005-06 and 2007-08 results from
state standardized tests for the tenth-grade
students in mathematics and science were provided
by the school district. Both math and science



Pre-College Engineering Studies 1053
Table 1. Characteristics of the students in the sample
African Special Free/Reduced

Enrollment American Asian Hispanic White Female Education Lunch
PLTW (N = 57)

Raw 6 8 2 41 9 10 1

(%) (3.4) (4.5) (1.1) (23.3) (CN)) 5.7 0.01)
Non-PLTW (N = 119)

Raw 24 10 3 82 67 17 3

(%) (13.6) 5.7 (1.7) (46.6) (38.1) ©.7) (L.7)

assessments were administered to students in
November, 2005 (8th grade) and again in Novem-
ber, 2008 (10th grade). Using multiple-choice and
short-answer questions, these standardized tests
are designed to measure the state academic stan-
dards in mathematics and science. The scale scores
for math range 350-730 for 8th grade and 410-750
for 10th grade. For science, the scale scores range
230-560 for 8th grade and 240-610 for 10th grade.
The proficiency categories are advanced, profi-
cient, basic, and minimal performance for all
assessments.

Student background variables. The district also
provided data on student characteristics including
free/reduced-price lunch eligibility, and course
enrollment. This information was used to
construct a set of dummy variables for gender
(female =1), free/reduced lunch (eligible = 1), and
PLTW enrollment (students enrolled in at least
one PLTW courses = 1). These variables, along
with student prior achievement (2005-06 in 8th
grade) in mathematics and science, were included
as predictors in the regression analysis described in
the following section. Table 2 provides descriptive
statistics of the variables used in the analysis.

The table of descriptive statistics shows that the
mean and standard deviation of 10th grade math
achievement is 582.37 and 49.557 respectively, and
for 10th science achievement it is 463.20 and
49.892 respectively. The mean (563.69) and stand-
ard deviation (47.058) for 8th grade math achieve-
ment is slightly lower. The same pattern is found
for 8th grade science with a mean of 417.29 and
standard deviation equals 48.463. Free/reduced
lunch has a mean of 0.24, which implies that 24%
of the sample is qualified for free/reduced lunch
programs. The mean for female is 0.43, which
indicates that 43% of the sample is female.
Lastly, PLTW enrollment has a mean of 0.32,

which represents 32% of the students in the
sample enrolled in PLTW courses.

3.3 Analysis

First, correlation analyses were conducted to
examine the relationship between student enroll-
ment in PLTW courses and achievement in science
and mathematics. Second, multiple regression
techniques were used to examine the extent to
which student characteristics—prior achievement
(8th grade) on state standardized assessment, elig-
ibility for free or reduced lunch programs (a
measure of family socio-economic status), gender,
and enrollment in one or more PLTW courses, as
independent variables—would predict students’
math and science achievement in the 10th grade.
Third, standardized achievement scores were used
to compare achievement test scores across grades
and subject areas. The model is specified as:

Y Achievement = Bo + 31 Prior Achievement + 3,
Free/Reduced Lunch + 33 Female + 84 PLTW + ¢

Where Y (achievement), the dependent variable, is
an estimate of student state standardized test score
at 10th grade (in either math or science). The
model also has four independent variables, or
factors: prior achievement, a student’s test score
(in math or science) at 8th grade; free/reduced
lunch status, a measure of family socio-economic
status, with a value of 1 if a student is eligible for
free/reduced lunch program, and 0 if not; female,
with a 1 for females and 0 for males; and PLTW
enrollment, with a 1 for those enrolled in one or
more PLTW courses, and a 0 if not. 3, represents
the constant of the equation and is the estimated
value of 10th grade student achievement (Y; typi-
cally the grand mean) when 34, 5,, 53, 84 = 0 (i.e.,
as if we did not have any of the information
obtained from knowing the values of the indepen-

Table 2. Descriptive statistics for student data (N = 176)

Variables Minimum Maximum Mean Std. Deviation
10th Grade Math Achievement 410 750 582.37 49.557
10th Grade Science Achievement 240 591 463.20 49.892
8th Grade Math Achievement 397 679 563.69 47.058
8th Grade Science Achievement 284 707 417.29 48.463
Free/Reduced Lunch 0 1 0.24 0.431
Female 0 1 0.43 0.497
PLTW Enrollment 0 1 0.32 0.469
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dent variables for each student). 31, 3», 83, B4 are
the slopes of the regression line, also known as the
regression coefficients. Each regression coefficient
tells us how much change we will see in Y (points
students will increase/decrease in 10th grade
achievement) for each unit change in the respective
independent variable. This model represents
achievement regressed on the prior achievement
score, gender, free/reduced lunch status, PLTW
enrollment, and the disturbance term (e), which
captures the influence on student achievement of
everything other than the independent variables
specified in the equation.

4. RESULTS

Paired sample t-tests for the group as a whole
(N = 176) indicate significant gains of student
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achievement in mathematics (p < 0.01) and science
(p < 0.01) from 8th grade to 10th grade. Moder-
ately high correlations (0.77 for math and 0.55 for
science, respectively) between 8th grade and 10th
grade achievement tests suggest that students who
did well on their subject-specific test in 8th grade,
tended to do well on the respective 10th grade test.
Figures 1 and 2 provide a summary of the overall
math and science achievement for 8th and 10th
grades.

Table 3, the correlation analysis between PLTW
enrollment and math achievement, shows that
these two factors were positively related: r =
0.14, p = 0.057. Another correlation analysis
showed that PLTW enrollment and science
achievement were positively related: r = 0.08, p =
0.270; however, this correlation is not statistically
significant. We recognize that while the correla-
tions between PLTW enrollment and student
achievement are very low, based on previous
research we have reason to suspect that statistical
relationships can be found between these variables,
once other factors are controlled for. Therefore, we
proceeded with the subsequent analysis.

Regression analysis was used to examine the
relationships among the variables. This technique
is used to predict student achievement in mathe-
matics and science given information about student
prior achievement and other characteristics. Since
the assessment scales may vary from year to year, it
is necessary that we conduct subsequent analyses
using standardized scores. A standard score is a
transformed score that relates a raw score to the
mean and standard deviation of the distribution.
The standard score allows comparison of observa-
tions from different normal distributions. In this
case, it enables us to compare the various types of
outcomes related to mathematics and science
achievements. The most common standard score
is z-score with a mean of 0 and a standard deviation
of 1. A raw score can be transformed to a z-score
using the formula: z; = (x;— M)/s, where x; is the raw
score for student i, M is the mean of all student
score, and s is the standard deviation for all scores.
Positive z-scores are above average, and negative z-
scores are below average. Standardized (z) scores
were computed using SPSS. Effect size can be
interpreted as a kind of z-score. Therefore, effect
size uses the concept of ‘standard deviation’ to
explain the difference between two groups.

The results indicate that collectively, prior

Table 3. Correlations between student factors

10th Grade 10th Grade 8th Grade 8th Grade Free/Reduced

Math Science Math Science Lunch Female
10th Grade Science 0.77**
8th Grade Math 0.77%* 0.65**
8th Grade Science 0.48** 0.55%* 0.74%*
Free/Reduced Lunch —0.39%* —0.42%* —0.38%* —0.34%*
Female -0.09 -0.05 -0.13 -0.17* 0.12
PLTW Enrollment 0.14* 0.08 0.10 0.15* -0.08 —0.38**

NB. * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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achievement, free/reduced lunch eligibility, and
PLTW enrollment account for 60.8% of the vari-
ation in math achievement, a significant relation-
ship between prior achievement, free/reduced lunch
eligibility, gender, PLTW enrollment and student
math achievement, R*> = 0.61, F(4,171)=66.21,p
< 0.001. Prior achievement alone accounted for
59.0% of the variation in math achievement.
Adding free/reduced lunch status to the regression
model helped explain 60.1% of the achievement
variation. The addition of gender to the model
explained only a small amount of additional vari-
ation of achievement (60.2%). Adding PLTW
enrollment variable increased the percentage of
variance explained to 60.8%. To assess the statis-
tical significance of the unique contribution of
PLTW enrollment, we examine its coefficient.
Controlling for prior achievement, eligibility for
free lunch, and gender, we found that students
enrolled in PLTW courses scored marginally
(0.10 alpha level) significantly higher than non-
PLTW students (effect size = 0.18). An effect size
of 0.18 falls in the range of a ‘small effect.’
Specifically, it means that the score of the average
student in the PLTW group exceeds the scores of
57% of the students in the non-PLTW group.

For science, prior achievement, student charac-
teristics, and PLTW enrollment explained 61%
of the science achievement variation, R> = 0.370,
F (4, 171) = 25.14, p < 0.001. Prior achievement
explained 30.7% of the variance in student achieve-
ment. Adding free/reduced lunch status to the
regression model increased this number to 36.7%.
Similar to math, the addition of gender did not
explain much additional variance found in student
achievement (37.0%). Including PLTW enrollment
did not improve the model (37.0%). The results
show no significant relationship between PLTW
enrollment and student achievement in science,
after controlling for prior achievement and student
characteristics, p = 0.85. That is, students enrolled
in PLTW courses did not score significantly higher
on science assessment than their non-PLTW coun-
terparts.

While the study’s focus is on the effects of
PLTW enrollment and student achievement in
science and mathematics, we want to highlight
the significant contributions of other factors in
explaining student achievement. Our results show
that controlling for free/reduced lunch status,
gender and PLTW enrollment, student prior

achievements (8th grade) are significant predictors
for current student achievement (10th grade), with
the effect size of 0.723 (p < 0.001) for mathematics
(the upper end or a ‘medium’ effect size) and 0.474
(p < 0.001) for science (the upper end or a ‘small’
effect size). This suggests that students who did
well in 8th grade assessments tended to do well in
the 10th grade science and mathematics assess-
ments. Another significant predictor is student
eligibility for free/reduced lunch programs (an
indicator of socioeconomic status). The results
indicate that after controlling for prior achieve-
ment, gender, and PLTW enrollment, students
qualified for free/reduced lunch programs (those
from lower socioeconomic background) scored
0.269 standard deviation lower on standardized
math assessment (p = 0.027) and 0.614 standard
deviation lower in science (p < 0.001) compared to
students who are not eligible for free/reduced lunch
programs (those from higher socioeconomic back-
ground). It is also important to note that after
controlling for other factors, gender does not
appear to have an effect on student achievement
in science (p = 0.358) or mathematics (p = 0.305).
Table 4 provides a summary of the results.

The multiple regression equations for predicting
student achievement in science and mathematics
using standardized scores are specified below.

Math achievement =
—0.039 + 0.723*Prior Math Achievement
—0.269*Free/Reduced Lunch + 0.108*Female
+ 0.178*PLTW + ¢
Science achievement = 0.088 + 0.474*Prior Science
Achievement
—0.614*Free/Reduced Lunch + 0.123*Female +
0.026*PLTW + €

The findings for mathematics performance support
the enriched integration hypothesis in math achieve-
ment. The relationship between PLTW enrollment
and math achievement is marginally significant at
the alpha level 0.10, suggesting that the relation-
ship is notable and might be stronger with a larger
sample. However, enrollment in PLTW courses
showed no measurable benefit for 10th grade
science achievement. This supports the insufficient
integration hypothesis and suggests two possibili-
ties: a) little integration between engineering and
scientific concepts is taking place to connect to or
advance the scientific knowledge and reasoning
abilities of students; or b) if the connection

Table 4. Regression analyses predicting student achievement in science and mathematics

Mathematics Science
Predictor Coefficient SE P Coefficient SE P
Intercept -0.039 0.087 0.659 0.088 0.110 0.423
Prior achievement 0.723%* 0.052 0.000 0.474% 0.065 0.000
Free/Reduced lunch -0.269* 0.120 0.027 -0.614* 0.150 0.000
Female 0.108 0.105 0.305 0.123 0.133 0.358
PLTW enrollment 0.178%* 0.111 0.110 0.026 0.141 0.854

NB. * Indicates significance at or below the 5% level. ** Indicates marginal significance at the 10% level.
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between pre-college engineering content and scien-
tific concepts is made, little impact is shown in
student achievement on standardized tests. Below
we discuss the implications of these findings.

5. DISCUSSION AND CONCLUSIONS

Overall, PLTW enrollment has a marginal, but
positive impact for 10th grade math achievement
scores, but no measurable effect on science perfor-
mance. These analyses use correlational techni-
ques, and thus cannot tell us about the causal
relationship between PLTW enrollment and
student achievement in science and mathematics.
Similar findings in science achievement have been
reported in our previous work with a different
district serving a more ethnically diverse student
population and a larger number of students who
qualified for free/reduced lunch [20]. There have
also been alternative studies examining the
presence and level of integration of mathematics
in PLTW and other pre-college engineering curri-
cula [15, 17, 19], suggesting that the pattern is not
specific to any one pre-engineering curriculum.
While important engineering education objectives
in areas of design, analysis and testing are being
met, it appears the clarion call for TE to advance
academic goals in science and mathematics as well
as contributing to one’s TE is not being responded
to adequately. This is particularly notable because
of the high academic standards in math and science
for admission to and success in engineering
programs at the university level [24]. We conclude
the article with specific recommendations for curri-
culum design and professional development aimed
at improving the integration of core science and
math concepts within pre-college engineering
lessons, and development of alternative assess-
ments that adequately measure student outcomes
for pre-college engineering studies. Lastly, we
examine some of the policy implications of these
findings as educational leaders consider reforming
secondary education.

5.1 PLTW and achievement in science and
mathematics

In our study, students as a group showed
measurable gains in science and math from 8th
to 10th grade. It is important to consider student
achievement gains in light of other factors that
may enhance test performance, such as general
developmental maturation and learning from the
general middle school and high school curriculum.
The role of the comparison group allows us to ask
whether the gains observed by students enrolled in
PLTW courses are significant, above and beyond
those exhibited by a similar group of students. In
this data set, PLTW enrollment is associated with
no achievement gains in science tests, above and
beyond those gains obtained by students in the
comparison group, while math achievement shows
modest gains beyond those students who do not

take engineering courses. The findings on the
relationship between PLTW science achievement
are consistent with those found in our previous
investigation using a different sample [20].
However, the relationship between PLTW and
math achievement is inconsistent in these two
studies—with a positive association between
PLTW enrollment and math achievement found
in this study and a negative association between
these two variables exhibited in our previous study
[20]. We suspect that differences in these findings
may be attributed to the demographics of the
students in the samples, a topic we discuss in the
following section. Meanwhile, curriculum analyses
may show a low level of integration of math and
science in pre-college engineering activities, the
results reported here and elsewhere [15, 17, 20]
are, on the balance, consistent with the insufficient
integration hypothesis, which suggests that the
absence of additional gains in achievement scores
may be attributed to little or no integration of the
science content knowledge and engineering
concepts made for students. We offer three other
alternative explanations for the lack of association
between PLTW and science achievement.

First, we discuss the use of standardized assess-
ment in measuring student learning outcomes.
Under the federal requirement of No Child Left
Behind Act in 2001 (NCLB), the use of standard-
ized tests has increased drastically to reinforce
accountability standards for teachers and admin-
istrators. Linn and Gronlund [25] have helped to
articulate two sides of the accountability debate.
Proponents of high-stakes testing believe that the
tests measure objectives that are important for
students to learn and the tests can guide teachers
to focus their attention on those objectives. Oppo-
nents of standardized assessments have pointed
out that the tests can be biased against certain
groups of students and tend to focus more on
(easier to score) factual knowledge and low-level
skills at the expense of assessing deep, conceptual
reasoning. Therefore, in the current climate, it is
not uncommon for important content knowledge
to be excluded from a curriculum if it is not
included in the assessment—so-called ‘teaching to
the test.” This underscores the importance of
understanding the alignment between standardized
tests that purport to measure achievement, and the
specific activities and learning objectives of the
courses that students enroll in. Poor alignment
between what is taught in these engineering courses
and what is assessed in general tests of high school
science and math must be considered as a factor
when interpreting the relationship between course
enrollment and achievement scores.

A second alternative explanation explores the
degree to which student learning can be transferred
across contexts. When there is a close match
between the learning activities and the assessment,
it is easy to measure the transfer of learning across
these two contexts. This ‘near transfer’ is made
possible because of the similarities between tasks
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that students are asked to perform in these settings
[26, 27]. In contrast, ‘far transfer’ takes place when
students acquire deeper understanding of the
concepts and thus are able to apply this knowledge
in a different context than the one in which
learning took place. Thus, the results of this
study suggest that we are more likely to be able
to detect an effect that is ‘near transfer’ (when
there is good alignment between the learning
activity and assessment) than ‘far transfer’ (when
there is poor alignment between the learning
activity and assessment).

Third, we suspect student demographics and
district characteristics may be attributed to
the observed outcomes. Compared to previous
research focusing on a more diverse population
in an urban setting [20], this study focused on a
sample of students coming from a more affluent
community. The different results found in these
two studies suggest that PLTW may have differ-
ential effect on student achievement depending on
the student demographics and their local context—
that is, the enrichment integration hypotheses may
be more likely to be realized for students from
higher social economic backgrounds. In other
words, it is plausible to suspect that because of
different  values, expectations, community
demands, parental influences, or even teaching
practices, PLTW vyields greater benefits for
students from more affluent backgrounds. This
finding is supported by previous research sampling
PLTW students with similar racial/ethnicity
composition showing positive learning outcomes
for students enrolled in PLTW courses [14].
Further investigation is needed to assess the poten-
tial differential impact of PLTW.

Since the results of this study were not consistent
with those found in the previous investigation [20],
in the following section we use descriptive informa-
tion to explore how the results may vary across
contexts (one school district located in a metropo-
litan area while the other is in an urban setting).
Descriptive information on Table 5 shows that
students in these two districts vary in student
science and mathematics achievement and free/
reduced lunch eligibility (an indicator of socio-
economic status). While this information only
provides us with descriptive characteristics of the
districts and no statistical association can be
drawn, in the following section we highlight the
significance of student characteristics in predicting
their achievement in science and mathematics.

The current results show student prior achieve-
ment and socioeconomic status are significant
factors explaining a large proportion of the vari-
ation of the student achievement in science and
mathematics. These findings are consistent with
previous research [20] and large-scale policy
research in the field of education, supporting the
idea that, coupled with prior achievement, the
accumulation of characteristics that define social
class differences influence student achievement
[28]. It is not difficult to imagine how students’
current learning experiences in the classroom—
their mastery of the content knowledge, engage-
ment level, and attitudes about the subject—can
affect how they perform in the future. In addition
to the educational experiences that the schools can
provide, student social background including their
economic status, learning opportunities in out-of-
school settings, and parental engagement, just to
name a few can have an impact on their learning
outcomes. The significant contributions of these
two factors—student prior achievement and social
background- alone in students’ achievement make
it a challenging task for the educators to develop
instructional practices and curricular approaches
that can have long lasting impacts on students’
future scholastic and economic opportunities.
Thus developers of pre-college engineering
programs like PLTW must closely examine how
the content and learning activities presented in
these curricula are connected to student prior
knowledge and experiences outside of the class-
room. Only then will pre-college engineering
experiences in the classroom significantly contri-
bute to the academic preparation needed to pursue
advanced studies and careers in engineering for all
students.

5.2 Limitations and future work

Even though PLTW is a widely distributed
curriculum, there is a disproportionately small
number of students enrolled in the school or
district at any given time. In addition, analyses
using gains in student achievement scores require
that students have complete data for multiple
years. These two factors alone make it challenging
for the researcher to obtain a large sample size to
conduct meaningful statistical analysis. This study
used correlational techniques to examine the rela-
tionship between PLTW enrollment and student
achievement in science and mathematics. Since
students were not randomly assigned to PLTW

Table 5. Descriptive information of two districts in previous and current studies

Metropolitan Urban

District District

8th Grade Math Achievement 563.69 509.23

8th Grade Science Achievement 417.29 369.92
10th Grade Math Achievement 582.37 523.31

10th Grade Science Achievement 463.20 416.66
Free/reduced Lunch Eligibility 24% 77%
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courses, causal inferences cannot be made based on
the outcomes produced from these analyses. It is
recommended that future studies use larger sample
sizes to examine the differential effects of PLTW
enrollment among students in various sub groups.
Also, when feasible, an experimental study should
be conducted to determine the causal relationship
between PLTW and student achievement by
assigning students to be in PLTW treatment and
non-PLTW control groups. However, course
enrollment is not something casually chosen since
it can have profound effects on a student’s future.
In practice, parents, teachers, guidance counselors
and students all weigh in on these decisions. For
this reason, there are ethical considerations that
also come into play for studies that contemplate
randomly assigning students to different courses
for purposes of supporting causal inference and
hypothesis testing. In this sense, correlational
studies based on prior enrollment decisions provide
only a partial portrait of the forms of learning that
are evident in school settings.

5.3 Conclusions

Based on the results of this study, we provide
four important recommendations that can advance
our knowledge in the area of pre-college engineer-
ing studies and future assessments of their effec-
tiveness. First, we recommend that pre-engineering
curricula like PLTW make explicit and extensive
connection between engineering principles and
math and science concepts through various learn-
ing activities. This integration can be enhanced by
providing on-going professional development
training throughout the school year that is speci-
fically aimed at improving the integration of core
science and math concepts within pre-college en-
gineering lessons for TE, mathematics and science
teachers. Previous investigations on curricular
analysis indicate insufficient integration of engin-
eering activities with the central concepts and
procedures in college preparatory science and
math courses [15, 19]. Yet studies explicitly inte-
grating math instruction with TE courses (in
agriculture, auto mechanics, business and market-
ing, health sciences, and information technology)
have been shown to significantly improve students’
math performance, without any drop in perfor-
mance in technical skills [29]. Results from this
study are consistent with these findings, suggesting
that teachers and staff providing professional
development should consider making the integra-
tion a more explicit instructional goal. For effec-
tive integration to take place, school and district
leaders ought to consider professional develop-

ment approaches that model how pre-engineering
concepts can be integrated in math and science
academic courses and vice versa. Following the
professional development training, school leaders
will need to provide on-going instructional support
for teachers to implement the newly acquired
content and pedagogical skills in the classroom
and discuss improvements that can be made for
effective integration.

Second, the development of alternative assess-
ments that better align and reflect the skills and
knowledge that students are learning in these pre-
college engineering courses is much needed.
Currently, researchers rely heavily on state and
national standardized assessments as indicators to
assess instructional effectiveness and measure
student learning outcomes. While these assess-
ments are widely utilized as common assessments,
they are not designed to assess students’ perfor-
mance skills and comprehension of engineering
principles in particular. Course specific assess-
ments are likely to be better aligned with curricular
content, but are not likely to be taken by the
general student population, most of whom are
not enrolled in the specific TE courses. Thus, the
design of alternative assessments is crucial to
accurately determine the effectiveness of pre-
college engineering studies on improving student
learning relative to the general student population.

Third, these data provide value to district
leaders and policy makers who may be considering
revising graduation requirements in science to
include pre-engineering courses. While this inves-
tigation provides no causal claims about PLTW
and science achievement, it does suggest that these
pre-engineering courses, and perhaps others like
them, have limited impact on the forms of science
knowledge that may be assessed in current state
assessments. In this regard, pre-engineering
courses may serve as valuable science electives,
perhaps as a precursor to fulfilling graduate
requirements. This would allow policy makers to
proceed cautiously until data on the impact of pre-
engineering on students’ scientific achievement are
more conclusive.

Lastly, these data re-iterate the strong impact
that both academic factors (e.g., prior math and
science achievement) and social factors (e.g.,
family socioeconomic status) have on students’
later test performance. Teachers and district staff
must continue their efforts to provide quality
science and mathematics education in the early
grades, and to create a school climate where all
students see competency in science and technology
is within reach.
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