
Journal of Pre-College Engineering Education Research (J-PEER) Journal of Pre-College Engineering Education Research (J-PEER) 

Volume 5 Issue 1 Article 3 

2015 

Math, Science, and Engineering Integration in a High School Math, Science, and Engineering Integration in a High School 

Engineering Course: A Qualitative Study Engineering Course: A Qualitative Study 

Clara G. Valtorta 
University of Texas at Austin, cgvaltorta@gmail.com 

Leema K. Berland 
University of Wisconsin, Madison, lberland@wisc.edu 

Follow this and additional works at: https://docs.lib.purdue.edu/jpeer 

 Part of the Curriculum and Instruction Commons, Engineering Education Commons, and the Science 

and Mathematics Education Commons 

Recommended Citation Recommended Citation 
Valtorta, C. G., & Berland, L. K. (2015). Math, Science, and Engineering Integration in a High School 
Engineering Course: A Qualitative Study. Journal of Pre-College Engineering Education Research (J-PEER), 
5(1), Article 3. 
https://doi.org/10.7771/2157-9288.1087 

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. 
Please contact epubs@purdue.edu for additional information. 

This is an Open Access journal. This means that it uses a funding model that does not charge readers or their 
institutions for access. Readers may freely read, download, copy, distribute, print, search, or link to the full texts of 
articles. This journal is covered under the CC BY-NC-ND license. 

https://docs.lib.purdue.edu/jpeer
https://docs.lib.purdue.edu/jpeer/vol5
https://docs.lib.purdue.edu/jpeer/vol5/iss1
https://docs.lib.purdue.edu/jpeer/vol5/iss1/3
https://docs.lib.purdue.edu/jpeer?utm_source=docs.lib.purdue.edu%2Fjpeer%2Fvol5%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/786?utm_source=docs.lib.purdue.edu%2Fjpeer%2Fvol5%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1191?utm_source=docs.lib.purdue.edu%2Fjpeer%2Fvol5%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/800?utm_source=docs.lib.purdue.edu%2Fjpeer%2Fvol5%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/800?utm_source=docs.lib.purdue.edu%2Fjpeer%2Fvol5%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.7771/2157-9288.1087
https://creativecommons.org/licenses/by-nc-nd/4.0/


Math, Science, and Engineering Integration in a High School Engineering Course: Math, Science, and Engineering Integration in a High School Engineering Course: 
A Qualitative Study A Qualitative Study 

Abstract Abstract 
Engineering in K-12 classrooms has been receiving expanding emphasis in the United States. The 
integration of science, mathematics, and engineering is a benefit and goal of K-12 engineering; however, 
current empirical research on the efficacy of K-12 science, mathematics, and engineering integration is 
limited. This study adds to this growing field, using discourse analysis techniques to examine whether 
and why students integrate math and science concepts into their engineering design work. The study 
focuses on student work during a unit from a high school engineering course. Video data were collected 
during the unit and were used to identify episodes of students discussing math and science concepts. 
Using discourse analysis, the authors found that students successfully applied math and science 
concepts to their engineering design work without teacher prompting when the concepts were familiar. 
However, explicit teacher prompting and instruction regarding the integration of less familiar concepts did 
not seem to facilitate student use of those concepts. Possible explanations and implications are 
discussed. 

Keywords Keywords 
math science engineering integration, engineering integration, high school engineering, K-12 engineering 

Document Type Document Type 
Research Article 

This research article is available in Journal of Pre-College Engineering Education Research (J-PEER): 
https://docs.lib.purdue.edu/jpeer/vol5/iss1/3 

https://docs.lib.purdue.edu/jpeer/vol5/iss1/3


Available online at http://docs.lib.purdue.edu/jpeer

Journal of Pre-College Engineering Education Research 5:1 (2015) 15–29

Math, Science, and Engineering Integration in a High School Engineering
Course: A Qualitative Study

Clara G. Valtorta1 and Leema K. Berland2

1University of Texas at Austin
2University of Wisconsin, Madison

Abstract

Engineering in K-12 classrooms has been receiving expanding emphasis in the United States. The integration of science, mathematics,
and engineering is a benefit and goal of K-12 engineering; however, current empirical research on the efficacy of K-12 science,
mathematics, and engineering integration is limited. This study adds to this growing field, using discourse analysis techniques to examine
whether and why students integrate math and science concepts into their engineering design work. The study focuses on student work
during a unit from a high school engineering course. Video data were collected during the unit and were used to identify episodes of
students discussing math and science concepts. Using discourse analysis, the authors found that students successfully applied math and
science concepts to their engineering design work without teacher prompting when the concepts were familiar. However, explicit teacher
prompting and instruction regarding the integration of less familiar concepts did not seem to facilitate student use of those concepts.
Possible explanations and implications are discussed.

Keywords: math science engineering integration, engineering integration, high school engineering, K-12 engineering

Introduction

Engineering in K-12 classrooms has been receiving expanding emphasis in the United States as evidenced by the rising
number of K-12 engineering courses, new K-12 engineering curricula, a growing field of educational research on the topic,
and the Journal of Pre-College Engineering Education, a journal dedicated to the subject (http://docs.lib.purdue.edu/jpeer/).
Nationwide, public high schools are offering engineering courses, and many K-12 classes are infusing engineering content
into their traditional mathematics and science courses. In fact, 41 states have engineering skills and knowledge embedded in
their science, technology, or mathematics standards (Carr, Bennett, & Strobel, 2012). In addition, the Next Generation
Science Standards identifies engineering standards for each grade level from kindergarten to twelfth grade (NGSS Lead
States, 2013).

This integration of science, mathematics, and engineering is a recurring theme when describing the benefits and educative
goals of K-12 engineering. The National Research Council puts ‘‘improved learning and achievement in science and
mathematics’’ (p. 49) first on a list of reasons to teach K-12 engineering. However, current empirical research on the efficacy of
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K-12 science, mathematics, and engineering integration is
limited. This study adds to this growing field, using
discourse analysis techniques to examine whether and why
students integrate mathematics and science concepts into
their engineering design work.

Literature Review

What Do We Mean by Integration?

An integrated engineering curriculum emphasizes the
relationship between engineering, mathematics, and science,
with a goal of reducing the barriers between traditional
subject matter. In traditional K-12 science and mathematics
classrooms, subject matter is often taught in an isolated way;
in a mathematics classroom, the focus is on mathematics
content, and in a science classroom, the focus is on science
content. Interdisciplinary curricula include problems and
activities that cross subject lines and more closely resemble
science, mathematics, and engineering problems and
activities outside of school. For example, Narode (2011)
describes an integrated lesson in which students designed a
container to hold a liter of milk. Students used mathematics
concepts during the activity to find the volume of containers.
They also used engineering design concepts, such as
designing a container from which it is easy to drink milk.
Other integration efforts take place at the level of a unit or
course. For example, Linsenmeier, Harris, and Olds (2002)
developed a unit in which students were challenged to
determine ‘‘how much food is needed by an astronaut per
day for a two week space mission in order to satisfy
metabolic demands and not gain or lose weight’’ (p. 213).

The evaluation criteria described in the literature on
integrative engineering curricula can further define and
illustrate what is meant by mathematics, science, and
engineering integration. Engineering curricula can be
evaluated for the level of integration based on the inclusion
of mathematics and science concepts and processes and on
the connections formed between subjects (Brophy, Klein,
Portsmore, & Rogers, 2008; Welty, Katehi, Pearson, &
Feder, 2008). This is typically demonstrated by aligning the
curricula with existing mathematics and science standards
documents. For example, when describing the mathematics
and science content of Vanderbilt Instruction in Biomedical
Engineering for Secondary Science, also known as VIBES,
Brophy et al. (2008) describe how well the program aligns
with science and mathematics standards:

VIBES has been recognized by the National Science
Teachers Association (NSTA, 2008) as an exemplary
program in meeting the National Science Education
Standards (National Research Council, 2009). In addition
to alignment with the NSES, each unit has been matched
to the national math standards, AAAS Project 2061
standards (American Association for the Advancement of

Science, 1993), ABET standards (ABET, August 1,
2007), and local and state level standards. (p. 280)

As seen in this quote, the authors evaluated the VIBES
project based on whether it targeted learning goals across
domains—identifying standards from engineering (ABET),
mathematics, and science documents.

Modal engagement analysis (MEA) is an example of
another method of analyzing the quantity and quality of
engineering, science, and mathematics integration.
Walkington, Nathan, Wolfgram, Alibali, and Srisurichan
(2014) developed this methodology for analyzing cohesion
across modal engagements and embodied cognition. MEA is
used to analyze the cohesion of mathematics, science, and
engineering concepts across multiple occurrences. For
example, the researchers analyzed a video of a lecture from
a high school engineering class on tension and compression
during a bridge design unit. They analyzed the video and
found instances when the teacher explicitly ‘‘reflected upon
and planned for’’ (p. 9) concepts or events to recur across
time or materials. For instance, in an example of a modal
engagement (ME), ‘‘…the teacher makes a backward
projection to the computer simulation software that was
previously on the screen, encouraging students to think
about their own bridges in terms of principles of statics’’ (p.
12). These, along with other instances of ME, were then
mapped, ‘‘to illustrate how invariant relations become
threaded through MEs that are connected by a web of
projection, coordination, and ecological shifts’’ (p. 11) and
can help researchers identify where and how concepts are
used and built over time.

MEA puts the focus on the teacher and students making
connections between concepts using various representa-
tions of the content, such as physical cues and referencing
invariant concepts. MEA includes the analysis of dialogue,
gestures, and representations in the identification and
characterization of connections between subjects. This
broadens the lens researchers are using when trying to
identify and support successful integration in the classroom
from a focus on the curricular materials to examining
classroom enactments of those materials.

Nathan, Phelps, and Atwood and Prevost and colleagues
(Nathan, Phelps, & Atwood, 2011; Prevost, Nathan, Stein,
Tran, & Phelps, 2009) offer an additional analytical
technique for identifying and evaluating the integration of
mathematics, science, and engineering. In this case, the
authors emphasize that the connections—verbal, physical,
or written—can be explicit or implicit. Explicit connections
are described as those in which the instruction specifically
marks the multiple disciplines in use, and implicit
connections are those in which content from multiple
disciplines is used without being made explicit during the
instruction.

Looking across all of this work, we see that integration is
loosely defined as connecting across the concepts found in
different disciplines. This content is typically identified in
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accordance with the standards addressed in the different
disciplines. In addition, we see that these connections are
made implicit or explicit to students by teachers and
curricula, and these connections can be made by indivi-
duals and curricular materials through verbal or physical
markers.

Why Is Integration Important?

Interdisciplinary K-12 curricula that merge traditional
subjects have many potential benefits for students, such as
increased student motivation, a more realistic contextuali-
zation of problems, increased transfer across problems,
more cooperation, and better understanding of the content
under study (Mathison & Freeman, 1997). In addition,
there are specific potential benefits of interdisciplinary
mathematics, science, and engineering curricula, or curri-
cula that combine across the fields of mathematics, science,
and engineering. In particular, projects that integrate the
STEM disciplines align more closely with real-world
problems; in most work environments, the lines between
science, mathematics, and engineering are not as clearly
defined as in K-12 classrooms. A naturally following
conclusion is that students’ real-world experiences, or
personal experiences, will not fit easily into categories
defined by traditional school subjects. This is consistent
with Mathison and Freeman’s (1997) conclusion that
integrated courses allow students to more easily relate
personal experiences to classroom experiences.

Moreover, research suggests that integrated curricula can
support students in preparing for subject-specific standardized
tests (e.g., Bottoms & Uhn, 2007; Foutz, Navarro, Hill, &
Thompson, 2011; Rethwisch, Starobin, Laanan, & Schenk,
2012). For example, Foutz et al. (2011) researched a district-
wide implementation of a project-based curriculum in 6th–8th
grade that intertwined science, mathematics, and agricultural
engineering. They found that the integrated curriculum was
one piece of a successful district-wide initiative to improve
standardized test scores. An additional potential benefit is that
integrated engineering design lessons can engage students
with learning disabilities who may not be as comfortable with
traditional classroom instruction and traditional classroom
environments (Schnittka, 2012). Integrated engineering
classes can also have a positive impact on students’ learning
attitudes towards STEM subjects (Redmond et al., 2011;
Tseng, Chi-Chang, Lou, & Chen, 2011).

Turning to research on post-secondary engineering, we
see that an integrated approach is similarly gaining favor
(e.g., Froyd & Ohland, 2005; Kellar et al., 2000; Tseng et
al., 2011). For example, Froyd and Ohland (2005) suggest
that the high dropout rate of engineering students might be
partially caused by the rigor of science and mathematics
courses necessary to graduate and the inability of some
students to apply mathematics and science concepts to their
engineering work. Froyd and Ohland compared the published

results of integrated engineering programs at a group of
universities referred to as the Foundation Coalition schools
which offered integrated engineering courses: ‘‘Overall,
Foundation Coalition schools have seen 10–25 percent
increases in the retention rates of first-year engineering
students and, in many cases, even greater improvements in
the retention of women and underrepresented minorities’’ (p.
151). They also found that, in general, students enrolled in the
integrated engineering programs had higher GPAs, and the
integrated engineering students had higher pass rates than
students in traditional engineering programs.

The positive effects of engineering courses on K-12
student achievement in mathematics and science are not
found in all studies examining this topic (e.g., Kemple &
Snipes, 2000; Welty et al., 2008; Wheeler, 2009). Tran and
Nathan (2010a) compared the test scores of 140 high school
students and found a decrease in the mathematics scores of
students enrolled in integrated engineering courses when
compared to students enrolled in traditional mathematics
and science courses. In an additional study, the same
researchers (Tran & Nathan, 2010b) compared mathematics
and science standardized test scores of students enrolled in
Project Lead the Way (PLTW) with the standardized test
scores of students enrolled in traditional courses. They
concluded that the students’ enrollment in PLTW was not
significantly correlated to the students’ performance on the
standardized tests. Instead, other factors, such as the
students’ prior achievement on the tests, free/reduced lunch
status, and other student characteristics, had the most
significant relationship to the students’ test scores. We
explore possible reasons for these mixed results in the
following section.

Why Is Integration Hard?

There are many possible explanations for these mixed
results. The first set of explanations surrounds teacher
preparation for and comfort with teaching integrated content.
Teachers may have a lack of confidence in their ability to
teach engineering and to use the new pedagogy required of
integrated and project-based curricula (Stohlmann, Moore,
& Roehrig, 2012). Teachers may also bring some doubt to
the classroom about the value of project-based engineering
curricula and the value of having students integrate
mathematics, science, and engineering concepts (Wang,
Moore, Roehrig, & Park, 2011). Professional development
programs for K-12 engineering are being developed across
the country (Stohlmann et al., 2012), but since engineering is
not a traditional K-12 subject, ‘‘best practices’’ are more
elusive. Thus, it is possible that mixed study results emerge
from differences in teacher preparation.

In addition, Nathan, Phelps, and Atwood and Prevost
and colleagues’ (Nathan, Phelps, & Atwood, 2011; Prevost
et al., 2009) distinction between explicit and implicit
connections in engineering curricula offer an additional
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insight into the challenges with supporting student learning in
integrated contexts. These authors argue that when teachers
and curricula make the cross-disciplinary connections
explicit, students develop better understandings of the focus
content and the relationships between the disciplines.
Therefore, they believe a higher percentage of explicit
instruction increases students’ likelihood to transfer knowl-
edge to other situations. A low number of explicit
connections in curricular materials can make it difficult for
K-12 engineering teachers to identify instances in which
mathematics and science should or could be integrated into
the engineering design work.

Finally, when moving from teacher and curricular
support of integrated learning environments to the student
participation in those environments, we see additional
challenges emerge. In particular, Berland and Busch (2012)
found that while mathematics, science, and engineering
share many characteristics, there are also processes and
problem-solving techniques unique to each subject. An
oversimplification of the differences is that engineering
focuses on how to solve a problem, while science and
mathematics focus on why a problem-solving technique
works. The goals of completing an engineering project may
not align with the goal of understanding the mathematics
and science concepts surrounding the project. That is,
students may not find it necessary to think deeply about
underlying mathematics and science principles in order to
complete the engineering activity, and the goal of solving
the engineering problem may distract from the goal of
understanding those mathematics and science principles.
This work is consistent with studies such as those of
Barnett (2005) and Hmelo, Holton, and Kolodner (2000)
demonstrating that students emphasized the aesthetics and
surface features of their designs over the functionality.
These authors argued that the qualitative aspects of the
design were tractable, familiar, and provided a sense of
forward progress. In other words, students were able to feel
successful without focusing on the science underlying
their designs.

Across this literature we see that, while integrated
learning environments can successfully support students in
developing rich understandings of STEM content, it is
challenging to do so.

Research Questions

K-12 engineering education is increasingly being taught in
the United States. A benefit of engineering education, but by no
means the only benefit, is that it is a platform for mathematics,
science, and engineering integration. Mathematics and science
and engineering integration occurs in engineering classes
when mathematics and science concepts and processes
are purposefully applied to engineering concepts and
processes. K-12 engineering curricula have been evaluated
for the quantity and quality of connections made between

mathematics, science, and engineering. Research has
revealed mixed results with respect to what students learn
when they engage in integrated engineering courses. These
studies include large-scale studies of pre-/post-learning gains
(Froyd & Ohland, 2005; Tran & Nathan, 2010a, 2010b;
Tseng et al., 2011) and close analyses of curricula and teacher
and student moves (Berland & Busch, 2012; Nathan, Phelps,
& Atwood, 2011; Prevost et al., 2009; Walkington et al.,
2014). Few of these studies examine the students’ work—
whether, how, and why they are integrating mathematics
and science concepts into their engineering design work.
current paper addresses this gap, using discourse analysis
to understand whether and how mathematics and science
concepts emerge in students’ discussions about their
engineering projects. Through this, we gain insight into
the conditions that support students in learning and
applying mathematics and science concepts in their
engineering work. In particular, this study explores the
following two research questions:

1. Are students integrating mathematics and science
concepts in their engineering work?

2. What factors influence whether and how students
integrate science and mathematics into their engi-
neering design work?

This research project addresses these questions by examin-
ing the mathematics, science, and engineering integration—or
lack thereof—that occurs in student dialogue found in a high
school engineering course. This research will further
strengthen the definition and characteristics of successful
mathematics and science and engineering integration and
guide further curriculum development and teacher profes-
sional development to support that integration.

Data and Methodology

The data presented in this paper were collected in
the context of UTeachEngineering (UTeachEngineering,
2014). UTE was founded in 2008 with the goal of
developing pre- and in-service teacher certification pro-
grams for K-12 engineering teachers. In addition, the UTE
program developed a high school engineering course—
Engineer Your World. The teacher with whom we worked
for this class was a graduate of the UTE certification
program and was enacting the UTE high school curriculum,
Engineer Your World.

The high school engineering class that was the focus of
this study included 31 high school juniors and seniors, 30
males and 1 female. The students had all taken or were
concurrently enrolled in physics and pre-calculus. The
teacher taught physics and robotics in addition to the two
engineering classes. This was his second year teaching
engineering. The class met every other day for approxi-
mately ninety minutes. The video data used in this analysis
captured the second unit of the project created curriculum,
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Evolution of Imagery, which entailed 15 class periods.
The main project of the unit Evolution of Imagery was to
design a pinhole camera. The students did so by working
through a version of the engineering design process (EDP),
shown in Figure 1.

The first four lessons of the unit took a total of two class
periods and focused on generalized engineering practices.
The pinhole camera challenge that is the focus of the
research started with lesson 5. Lessons 5–11 each aligned
with a specific step of the EDP, and lesson 12 was a
reflection on the entire process. Table 1 summarizes the
main activities found in lessons 5–12 and names the EDP
step covered by each lesson.

The structure of each class period throughout this unit
was generally the same: class began with the teacher giving
an introductory mini-lecture preparing students for their
activity for the day and describing the next step of the EDP
in terms of general engineering projects and the pinhole
camera project. This mini-lecture was often accompanied

by a Power Point presentation. After this grounding
discussion, the student pairs would figure out how the
new information or process might apply to their camera
designs and work on an activity or activities aligned with
the next EDP step. Take, for example, lesson 7, which
focused on the Generate Concepts step of the EDP, a subset
of the Generate step. At the beginning of this lesson, the
teacher emphasized the importance of tailoring the camera
to the customer’s needs, which the students had collected
and organized in previous lessons. Then, the teacher
introduced students to the idea of a 2-3-5 poster where
students, in groups of 2, would sketch 3 design concepts,
and then have 5 minutes to edit and comment on another
group’s sketches. After handing out poster paper, each pair
of students sketched 3 pinhole camera designs, switched
posters and made comments. The students then used the
feedback to refine their original designs. Most of the lesson
consisted of the students generating their own concepts and
commenting on those of their classmates.

Figure 1. Engineering design process used in Engineer Your World. (UTeachEngineering, 2014)
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While this explanation appears to be consistent with the
data, we argue that it does not fully account for the
students’ integration (or lack thereof) of mathematics,
science, and engineering content. In particular, while the
specific formulas were novel, these juniors and seniors were
quite familiar with using algebraic equations to calculate
variable values. Thus, the novelty of the particularities does
not suggest the process was complicated or unfamiliar. As
such, one might expect students to take the explicit
instruction regarding this content and apply it directly to
their camera designs. We see Adam and Tina doing this in
Episode 9 (Table 4) in which they apply the proportional
reasoning necessary to calculate the focal length of their
camera—in this case the teacher explicitly introduced the
figure and mathematical reasoning around it and these
students successfully applied it to their individual camera
designs. Thus, the question remains: why did the students
not integrate the explicitly supported novel mathematics or
science content with their engineering designs more often?

Edelson (2001) offers a possible explanation for this
quandary. In particular, his ‘‘Learning-for-Use’’ theory
argues that students will develop richer conceptual under-
standings that are accessible in new environments when the
ideas being studied are useful and serve a purpose for the
students. In other words, students are more likely to
develop rich conceptual understandings of information that
is useful to them. Applying this theory to the results of this
study suggests that maybe the students were not transfer-
ring the new mathematics and science content from the
mini-lectures to the new environment of their engineering
design challenge because they did not see this as useful—
they did not understand that doing so would help their
design work. This interpretation is again supported by
Jacob’s statement: ‘‘I wonder how this will help us.’’ In this
case, we see him doing the mathematics but unable to
explain why—it isn’t useful to him. In addition, this
possibility is consistent with research by Berland and
Busch author and colleague (2012) in which the authors
found that the goal of completing a design challenge may
have distracted students from engaging deeply with the
mathematics or science. Applying that conclusion to the
current data suggests that these students may have found
the mathematical equations to be a distraction from their
focus on the engineering goal of completing their design.
This suggests that the explicit discussions relating the
mathematics/science content to the engineering design
supported students in understanding what to do but not
why—even when the teacher explicitly told them why
particular concepts were related to their design work.

This suggests that if we want students applying complex
mathematics or science in the context of engineering, we
need to be careful about how to frame the science or
mathematics instruction so the purpose, the connection to
the project, remains apparent to students. However, as we
have seen, explicitly being told the connections may not

lead the students to understanding or developing those
connections. Instead, consistent with the Learning-for-Use
(Edelson, 2001) approach to instructional design, it might
be that teachers need to motivate the unfamiliar mathe-
matics and science—prior to introducing this complex and/
or unfamiliar content, teachers might create situations that
help students recognize the need for that content. For
example, in the case of the f-number, teachers might allow
students to take pictures without knowing the appropriate f-
number and then have a discussion about why all of their
photographs are washed out or black—students did not
know how long to keep the aperture open. After
experiencing this expectation failure (Schank, 1999),
students might be more invested in learning the f-number
equation and understanding how it would support their
work on their cameras.
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