Bringing Engineering into K-12 Schools:
A Problem Looking for Solutions?

Howard Kimmel, John Carpinelli, and Ronald Rockland
Center for Pre-College Programs
New Jersey Institute of Technology
Newark, NJ 07102-1982 USA
{kimmel,carpinelli,rockland}@adm.njit.edu

Abstract - Increasing the presence of engineering in K-12
education has become a high priority. Most middlend
high school students and many of their teachers #tido
not have a positive attitude towards engineering odo not
really know what engineers do. How do we meet this
challenge of bringing engineering into K-12 classmmms?
Two different approaches can be visualized for briging
engineering concepts and principles to these poptians,
introducing engineering as a “stand-alone” subjectn the
schools, or integrating engineering concepts and
applications into the different content areas in tle
curriculum.  Curriculum materials and instructional
strategies are available for either approach. Howeer,
there are also issues to be considered for each appch
that are common to both approaches. It is importanhto
understand both the scope and the constraints of #se
intertwined issues.  This study examines the two
approaches within the context of these issues, indling:

e Working within National and State academic content
standards in various content areas including
technology.

« Clarifying teacher certification and qualifications in
the different states.

* Recognizing the need for appropriate quality teache
preparation programs.

Index Terms - engineering curriculum, Primary and
secondary education; Teacher training.

INTRODUCTION

Engineering plays a major role in shaping the waoday.
Yet many bright, capable students choose not tesysur
sciences in high school, and therefore have no rypity to
enter high paying engineering and technology carég}.
Engineering appears to be invisible to students.any
secondary school students lack an understandingoof
almost everything they use is dependent on vaifiouss of
engineering. They also are unaware of the ben#fiis
engineering provides people in their daily live¥et all
around us, from developing consumer goods, building
network of highways, air and rail travel, to cregtiartificial
devices such as knees or hearts, the merger oficggie
mathematics and technology, better known as engige
benefits people and makes the world we live in jbbss
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Engineering has long been recognized as a source of

innovation and a significant driver of national romies.
Increasing the technological literacy of the studen
population ultimately leads to a greater percentade
students qualified to pursue engineering studirsnerease
in practicing engineers, and a more technologickiérate
workforce overall, all of which will positively ingct a
nation's economy and standard of living.

In the United States, as in other nations, thesebieen a
growing interest by higher education institutioms lring
engineering and technology principles and appbeetito the
secondary school classrooms.

nationally and at local levels [2-4]. Programs fmience
teachers have included training and curriculum tbgraent
that integrates engineering applications with ddfien
principles has been reported [5-10]. Many of tlifores

have attempted to align the content of the cumicul
materials and activities with academic content cads [5-
7, 9-10]. Exposure to engineering principles haserb
extended to include pre-service teachers [11-13].

There are several factors that impact studentdsten
the technological fields. Students lack knowledgethe
impact of engineering on society, and they are amaveof
career opportunities in the engineering fields. nMatudents
are not exposed to topics in these fields at aihdutheir K-
12 studies because their teachers have not beeedra
incorporating these topics into their programs.atidition,
the curriculum materials need to fit the instruotb
classroom needs of the teachers by addressingothierd
standards in science and technology/engineeringhoégh
curricular materials are becoming more availablethe
technological fields, most do not appear to consithe
issues that could hinder or facilitate their adoptinto K-12
classrooms.

This paper examines these issues in order to felp t
understand both the scope and the constraints viedol
Curriculum materials and instructional strategiese a
necessary, but they are not sufficient. Also neassis
adequate new teacher preparation, training of tneent
teacher population and the recognition of the pmes®n
teachers to align their instruction with the acaitecontent
standards so that students are prepared to demnstr
achievement of the standards through statewidessismant
tests. As a result of their study, Fadali & Robim$14] also
considered the existence of these problem aremaddition,
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Technology education
programs have been developed and implemented both



Anderson-Roland and her colleagues [6] examinedsthess
and concluded that the system of education as aglihe
pressure to implement academic content standardb
associated high-stakes state-wide assessments baerers
to the degree that science instruction and theotdum can
be changed or modified. This paper is intendethit@te a
forum for the examination of these intertwined &suhat
should provide the broader perspective necessanctease
the presence of engineering concepts
classrooms. The term “technology” as used in tméted
States National Science Education Standards [1pljeésithe
design, engineering, and technological issues aglab
conceiving, building and maintaining useful objeatsd/or
processes in the human-built world.

INCORPORATING ENGINEERING INTO
SECONDARY SCHOOL CURRICULA

Two approaches provide educators and schools wi¢h
flexibility to adopt either an engineering curricol or
integrate selected curriculum materials into otkabject
areas such as science. The incorporation of eagntein
technology education curricula focuses on existiog
planned pre-college engineering and technology rarog.
These programs provide a strong mechanism
incorporating cohesive, level-appropriate  engimegri
experiences for K-12 students. Typically, studestsolled
in these programs are more interested in engirgeaid
technology than their peers, and are strong catetidt
study engineering as undergraduates.

into the K-

[2]) or initiated as a “grass-roots” program by eafors,
such as the Madison (Wisconsin) West High School

aEngineering program [3], who have identified speaifeeds
for the population they serve that cannot be med hgtional
curriculum. Cardon [4] has inventoried the divirsof
programs at the secondary level in the state ofhian.
Usually, such courses will introduce students tocepts of
engineering and engineering design and applieceteral

lareas of the engineering field, such as biomedical,
construction, electrical, mechanical, or procesgirexering.
Lewis [17] has reported on the results of a sureEptate
Supervisors of Technology, to find out how widesggrés
the implementation of “pre-engineering in technglog

2. Integrating Engineering into the Science Curriculum

Engineering is a practical mode of inquiry thatedity
addresses the issues people confront on a daily. bence,
science can be viewed as proposing explanations for
t questions about the natural world, while enginegrin
proposes solutions for problems of human adaptatotne
natural world. Instruction can emphasize the irgpahdence
of these two disciplines as well as clarify theiffetences.
However, science teachers are not trained in théeab and
skills of engineering [1, 18]. They lack relevgmofessional
fopreparation and experience that would prepare toei@ach
principles of engineering.
Many  science textbooks fail to include
engineering/technology applications of the sciecmecepts
presented in the textbook [14]. Most textbooks dob mave

Incorporatingny laboratory activities that allow students toplgp

engineering and technology in such programs reaemes engineering principles and design to scientific aapts.

important target audience.
incorporates engineering topics into existing soéerand

mathematics courses. Integration of engineeringciples

into science instruction, and presented throughblpro-

solving inquiry/discovery pedagogy can stimulatedsnts as
well as enable them to recognize a direct link leetwtheir
course work and the tasks performed by enginedisimeal

world [8]. When engineering and science are taught
tandem, they extend and reinforce each other. k&rthe

engineering and technology curricula approach, shigtegy
can reach all students, not just those in pre-emging and
technology programs.

1. A Complete Engineering/Technology Education
Curriculum

Efforts to implement this approach have been drieegely
by the standards developed by the Internationahii@ogy
Education Association (ITEA) [16]. An
engineering/technology education curriculum is Uguaset

or sequence of courses at the secondary schooldlgnid

school and high school) level, usually offered asoation
for students planning to pursue engineering or rexgging
technology as a career goal. In addition, suclgnams are
usually combined with college preparatory mathecsati
science, and liberal arts courses in a high scpoogram
that are aligned with a state’s academic contemtdstrds in
perceived subject areas. Engineering/technologyiccile
are available at the national level (e.g., Thenitfi Project
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The second approacBtudents may use some of the engineering processes,

identify problems or design opportunities, but thage
usually limited to science activities/experimertiattdo not
have real world technological applications. Only
occasionally is an engineering activity found i tphysics
part of a physical science textbook, e.g., desightasting of

a model bridge.

Curricular materials in support of the integratioh
engineering into science instruction have been made
available through professional organizations suEiAS8ME
and IEEE, as well as universities [5-8]. Most rgbe
curriculum  modules, under the  umbrella
“TeachEngineering” (TE) have been made availahieuth
the National Science Digital Library [19]. Howeyanany
of these materials lack the accompaniment of psidesl
development for teachers. Of the professionalrirgdions,
IEEE does provide local professional development fo
teachers on their curriculum materials. Furthbere is a
need to translate existing engineering curriculumtsuinto
standards-achieving lessons for enriching the seien
curriculum.

The National Science Education Standards (NSES) [15
supports a broad exposure to a variety of topicscience
and teaching students to design a solution to probland
the relationship between science and engineeritgitdogy.
Science and technology is one of the standardd gtamde
levels. According to NSES, “The relationship betwe
technology, engineering and science is so closé ahy
presentation of science without developing an wtdading

of
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of engineering or technology would portray an inmate receive the education and training recommended for
picture of science” (p. 190). In addition, the nstards standards implementation [21,22]. Teachers ardikedy to
“introduce them to laws of science through theirchange their teaching practice unless they arengihe
understanding of how technological objects and esyst  skills, knowledge, and confidence to do so. Cornensive
work.”  Scientific investigations by students care b professional development programs are needed toessld
complemented by engineering-type activities thadléo a the new skills and knowledge teachers need for dngut
product. The national standards emphasize theests’d classroom teaching and learning. Such prograntisdac
abilities to design a solution to problems andrélationship

between science and technology. Loepp [20] did Long term effort,

comparison study of the M/S/T standards, demomsgdhe Technical assistance, as well as support networks,
parallel nature of the engineering design procssgntific «  Collegial atmosphere in which teachers share vienes

@

inquiry and the problem solving process. But peoblareas experiences, and
do exist in terms of inadequate teacher preparaifon . Focus on teaching for understanding through petsona
engineering principles and technology. learning experiences.
National Standards for Technological Literacy, STL,
[16] promotes the study of technology in gradesXsb as The integrative nature of science and engineeiesyih

to encourage the developm_ent of technologicalditgrfor  the fact that engineering and design also provides
all students. The expectation would be that stmeqld systematic approach to problem solving in a reatldvo
adopt the STL and implement them as part of th&tes context. Teachers should understand how engirgeffers
content standards. The existence of nationallyeldped 55 effective context for providing real-world prebi
standards, such as NSES published almost 10 yemrs asolving experiences in science by engaging studémts
have not, in general, been adapted or implemenyethdst  problems that require them to assess a situatiabject and
states.  Rather, the NSES has served to inform th@en apply scientific skills and knowledge to solyithe
development or adaptation of content standards b$tm proplem. There is an urgent need for in-servia@ing for
states. But, while NSES specifically includes egds that science teachers that include classes to increhee t
address engineering concepts, many states haveaedmit knowledge of engineering principles and to provitiese
engineering/technology ~ education from their contengeachers with the means of introducing engineering
standards. Engineering remains mostly unused\ah@le  principles and design in their classrooms. Thegasional
to stimulate and engage students and teachers iledming  gevelopment of teachers should focus on the incatjom of
and teaching of science, so that students can\&hf® engineering and design concepts into science ciarim
skills and knowledge specified by the standardsdeéd, \ays that meet appropriate academic standards Béjeral
some states still do not even consider technolaiyca&tion programs include different models of “teachers heag
as a critical body of knowledge for its students. teachers”, including teachers presenting lessomsptia other
Teachers find themselves caught in the middle_bmtwe teachers at summer workshops [8], teachers cobiibgr
state content standards and expectations for ineorov \ith university faculty as workshop leaders [5]daeachers
student performance on state required “standareseBia \yho become certified to become workshop leaderf [10
tests. Teachers will only be accountable for _Wha’n the Increasing the presence of technology in the K-12
standards. In general, only concepts that arkérstandards  cyrriculum will require more qualified and betterepared
are taughF in classroom instruction. So, if t.easrme 10 teachers for technology programs as well as foreroth
make their new knowledge a part of the instructfon  gisciplines in which engineering concepts can hegirated.
student learning in their secondary science classe§jnce approaches to bringing engineering into th@2K
engineering principles and design must be a patt@btate  gsector seems to fall into two categories, teacheparation
science standards. Hence, the importance of eBUNE programs should also have separate pathways faninga
principles must be emphasized in the achievemerthef teachers, programs for training students to bectemehers
state standards. The fact must be accepted thatritulum  f engineering and technology, and modifications of
materials are to be considered, let alone impleetsrthey  programs for teachers of science so that they regaped to
must reinforce state content standards, since studejntegrate engineering into their instruction. Tealogy
achievement (and the schools and districts) is oredsin ~education, as a discipline, is relatively youngheTrapidly
large part by student performance on the StateW'dfhcreasing number of high school pre-engineerireg@ms

assessments. across the country is creating a shortage of teachelified
to teach such courses. Programs such as the deg@gam

TEACHER TRAINING AND TEACHER at Michigan Tech [11], or the option to an engifiegr
PREPARATION degree program [12], are two approaches to theygtih of

qualified technology educators that can be emulafEdese
As previously stated, professional development inapproaches have one component in common. They all
engineering curricula will be needed for teachdrsve involve the cooperative effort of a college of evegiring and
expect them to alter their teaching. The professio 3 college/department of education. Science edrcatiajors
literature suggests that the traditional approadfesingle  should be exposed to engineering so that they mréded

topic workshops or infrequently scheduled curriculu with the means of introducing engineering into thei
planning days will need to be altered if teachems ® classrooms.
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ASSESSMENTS

Evaluations of curriculum and professional develepm
have, for the most part, focused on implementatiohs

effectiveness of materials and strategies.  Schaiils
engineering should continue their leadership is #ffort in
partnership with the other stakeholders.

The National Science Resources Center [27] provédes

important as implementation is, it does not neadgsa possible model for involvement of all stakeholdérsan
answer the key questions of effectiveness and impaceffort to improve education. Of interest is thelision of

Evaluation studies are needed that are designedetsure
both implementation and effectiveness.

evaluation studies are intended to answer a bolitoen-

guestion—Does the curriculum or professional dgwelent
activity raise student achievement?
implementation, and evaluation of
development programs,
curriculum renewal efforts because new teachertipescare
needed for students to meet academic content stnfba].
Knowing which curricula or
effective and ineffective provides guidance for aah
superintendents, principals, and teachers who
information to make decisions that will improve tiugtion
and raise student achievement. Curriculum mageralst
be effective in enhancing academic achievement,candbe
implemented in diverse learning environments. Kactive
curriculum should show increased student engageieaht
student performance. Whether it is standardseaptimary
or secondary levels, or proficiencies at the undehgate
level, a program, or curriculum unit, or a courséhw
measurable learning objectives, integrated with
instruction and the assessment, should be ablenpoove

successful

Such impacstakeholders.

parents (through parent organizations for exampks,
Improved curriculum, by itself, magt be
effective in bringing students into an engineeraggeer if
teachers, guidance counselors and parents,

What still remains is to assess the long-term augof
these efforts. Tracking of the effects on stugmpulations

lesson modules areshould demonstrate the impact of students purs8ingM

careers. This will require the engineering educati

neegbmmunity to significantly increase its efforts iK-12

outreach, as well as to significantly enhance égels of
collaboration with faculties of education and sceermnd the
K-12 teacher population.
Engineering Education’s K-12 efforts in this are@ an
excellent start that positions it to take a leadnode in
nationwide outreach activities. It will also rempigreater
interaction with the political entities that set 1R-
educational standards. Industry must also plaigmifEeant

theole. As the ultimate employer of students, itiddchelp to

define the specific areas of and level of technicklditeracy

student outcomes demonstrating that the student® hait needs for its workforce. Industry must alsophsthools

achieved the skills and/or knowledge defined bypddads or
proficiencies [25].

Assessment tools that have been developed anzedtili

include pre- and post-content testing [8], différgersions
of an attitude towards and knowledge of engineesimyey
for students in their classrooms, after the summakshops
on the introduction of engineering into scienceringion [7,
10], and “Preparedness to Teach Surveys”
“Concerned-Based Inventories” [26] for teachersicivtwas

administered prior to the workshop, at the end loé t

workshop, and after specified periods of time. rowed

student attitudes towards and knowledge of enginger

increased in all cases and can be attributed tceased

comfort level of teachers with engineering topiceda

increased knowledge level of the teachers [7, 1Rgsults
from the “Preparedness to Teach” surveys have shbain
teachers felt better prepared to teach specificeots after
the summer program, and teachers reported a giatdort
level one year later after having integrated enrgying
concepts into their instruction [7].

SUMMARY AND FUTURE WORK
This paper contributes to the dialogue to deterrhioe the

presence of engineering can be increased in priraad/
secondary grade levels and how the science cuiricuan

accommodate pre-engineering education. Severak avéa

focus have been identified, including the developmef
curriculum materials and instructional strategiésacher
preparation of new teachers; training of the curteacher
population; and evaluation of both the implementatand
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integrate these topics into new or existing cufacby
supplying expertise, real-world case studies, ampert to
schools as they initiate these programs [29]. &hisra
tremendous amount of work needed, but the payoff of
workforce that is more technologically literate,dathat
ultimately includes more engineers to meet thelehgés of
the coming years, makes the effort both necessad/ a

[7] andvorthwhile.
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