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Abstract

Problem-based learning (PBL) is an instructionat ap
proach whereby students learn content by activety eol-
laboratively solving authentic, real-world problemdsed
extensively in medical education since the 197BBL has
emerged as an exciting and effective alternativieadition-
al lecture-based instruction in science, technaqlogygi-
neering and math (STEM) education. Research shbats t
PBL improves student learning and retention, aititink-
ing and problem-solving skills, teamwork, and thdity to
apply knowledge in new situations — skills deemsdtical
for success in the 21st-century workplace.

In “Problem Based Learning for Sustainable Technolo
gies: Increasing the STEM Pipeline” (STEM PBL), -
ciples of PBL are being used to develop innovatstand-
ards-based curricula with the aim of increasingdetts'
interest and preparedness in pursuing STEM-reledegers.
STEM PBL is a project of the New England Board agh+
er Education and is funded by the National Scidfmenda-
tion. Currently, the project Pls are working withdustry
collaborators breaking new ground in “green” tedbg®s
to create a comprehensive series of online multianB@&L
resources focused on sustainability. Referred t&GBEM
PBL challenges, these instructional materials asighed
to engage secondary and post-secondary studemeain
world problem-solving. In addition to providing gession-
al development in both on-site and online formatsin-
service teachers, the STEM PBL project will alseate a
model course in PBL methodology for pre-service dted
and secondary school teachers.

Introduction

Need for STEM Talent in the U.S. and
National Statistics

Long-term growth in the number of positions in scie
and engineering has far exceeded that of the gewera-
force, with more than four times the annual grovdte of
all occupations since 1980 [1]. The most recentipation-
al projections from the Bureau of Labor Statis{ikfore-

cast that total employment in fields that the NadioSci-
ence Foundation classifies as science and engigeseiil
increase at nearly double the overall growth rateafl oc-
cupations by 2014, growing by 26% from 2004 to 2014
while employment in all occupations is projectedgtow
13% over the same period [3].

In spite of such promising job prospects, recruithfer
science and engineering programs is a real challdag
most universities nationwide. Unfortunately, matid aci-
ence are not the subjects of first choice for thagomity of
American high school students. According to theentéc
report, Rising Above the Gathering Storm: Energjzand
Employing America for a Brighter Economic Future, i
South Korea, 38% of all undergraduates receiver tthei
grees in natural science or engineering. In Fratiheefigure
is 47%, in China, 50%, and in Singapore, 67%. & Wit-
ed States, the corresponding figure is only 15% [4]

If the U.S. is to maintain its competitive edgetie glob-
al economy, the pipeline of interested and quaieudents
prepared to enter STEM careers must be increasetdreY
cent results from a survey by the American Society
Quality (ASQ) revealed that more than 85% of stislen
today are not considering careers in engineerirt) that
more parents encourage their daughters to becotresses
than engineers. Forty-four percent of survey redpats
cited a lack of knowledge around engineering asttpe
reason they would not pursue such jobs. Another B&ted
the “geek” perception as their top reason, indigatihat
“engineering would be a boring career,” accordingthe
ASQ [5]. This is one of the most serious issues rmtion
will face over the next decade, as the currentnseieand
technology workforce retires without a pipelinevedrkers
to replace them.

Equally alarming, international comparisons of stuid
mathematics and science performance indicate th&t U
students scored below average among industrialipech-
tries [3]. U.S. 15-year-olds ranked 27th out of 8&coun-
tries participating in the 2003 Program for Intdimaal
Student Assessment (PISA) examination, designeggess
students’ abilities to apply scientific and mathé¢ios con-
cepts to real-world problems [6]. Furthermore, tbntion
rate for engineering students is one of the lowwesbng all
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# -third of all U.S. students intending to pursue

Engineers and scientists are problem solvers— iehaliv

engineering change majors before graduating [4JusTh als who skillfully apply their knowledge to tackieal-world

improving the preparation of STEM teachers in thatéd
States and the number of effective teaching toedslable
to them is critical if American students are gotogkeep
pace with their counterparts internationally. Farthore,
the characteristics of instruction that best setiverse stu-
dent populations is a research area of particdeadj7].

Problem-Based Learning

Overwhelming evidence exists that students from al

backgrounds have the capacity to become profiégientath

and science, and that children of all ages candanengage

in complex reasoning about the world [8], [9]. THational

Academies, in its recent publication Taking Scieroe
School: Learning and Teaching Science in Grades, K-8

made the following statement [8]:

Comparisons of science standards and curricula in
the U.S. with that of countries that perform well o
international science tests reveal overly broad and
superficial coverage of science topics in U.S.s:las
rooms ... an overemphasis on recipes for data col-
lection procedures—whether experimental, obser-
vational, or archival—may strengthen the miscon-
ceptions that some students hold about the so-
called scientific method—the image that scientific
discoveries emerge unproblematically if one just
faithfully follows the steps outlined in the scienc
text. (p.342)

One of the reasons for declining enroliment in many

STEM programs is that students are often turnedyfthe
way these subjects are typically taught, with tiadal
classroom lectures followed by “cook-book” typedadtory
experiences that provide little opportunity to aely en-
gage in creative, real-world problem solving. 080 the
National Academy of Engineering [10] identified “¢ahce
personalized learning” as one of the Grand Cha#lerfor
Engineering in the 21st Century, and made the Violig
point:

Throughout the educational system, teaching has
traditionally followed a one-size-fits-all approach
to learning, with a single set of instructions pdbv

ed identically to everybody in a given class, relgar
less of differences in aptitude or interest. ...én r
cent years, a growing appreciation of individual
preferences and aptitudes has led toward more
‘personalized learning,’” in which instruction is-ta
lored to a student’s individual needs. [10]

problems by designing experiments, building andilite-
shooting prototypes, analyzing and interpretingadand
presenting experimental results to peers, supes/isod
customers. It follows that to attract more studeimi®
STEM careers, students must be provided with mararnm
ingful learning experiences in order to motivatel axcite
them—Ilearning experiences that relate directlyhtworld
in which they live. They want and need active haos
learning experiences that challenge them to explere and

Iemerging technologies that provide opportunitieshiok

outside the box and apply their knowledge, skitig area-
tivity in solving authentic real-world problems F14].
Problem-Based Learning (PBL) is capable of progdinis
type of learning experience.

PBL is an instructional method that challenges estiisl to
“learn how to learn” by collaboratively solving-ilefined,
real-world problems. It is based on the constristimnodel
of learning and consists of four key components:ill)
structured problems that are likely to generatetipial hy-
potheses about their cause and multiple approgohtir
solution, 2) student-centered learning, where stigddeter-
mine what it is they need to learn and find appiedprre-
sources for information, 3) teachers acting adifatirs or
tutors, and 4) authentic, real-world problems [15].

In PBL, students actively participate in their olgarning
by solving real-world problems in which the paraenstare
ill-defined and ambiguous. Unlike traditional ingttion in
which students attend lectures and solve well-éefiend-of
-chapter homework problems, PBL is open-ended amd c
textualized, and student learning is driven by pheblem
itself. With PBL, students learn the process ofne® in
addition to course content by engaging in a systienaad
iterative process that begins with problem ana)ysaseful-
ly and methodically dissecting a problem by reflegton
prior knowledge to identify knowledge gaps, sitaaél
constraints, and other pertinent problem featuegsiired to
formulate a solution. Once the problem has beempeaytp
framed, students engage in self-directed learrongctjuire
the knowledge and skills needed to solve the problehis
is followed by brainstorming possible solutionswfieers,
and finally solution testing, where students depeliable
strategies to test and validate their solutions.

PBL has been used extensively in medical educaiimre
the early 1970’s and research has shown that PRkowves
student understanding and retention of ideascatithink-
ing and problem-solving skills, motivation and leiag
engagement, and the ability to adapt their learningew
situations [16-19]. While PBL has been adopted tiheo
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fields of higher education including business aam, lit is
only beginning to emerge as an alternative to nicadi-
tional approaches in K-12 STEM education. Though no
abundant, results from studies of PBL in K-12 STENU-
cation are also promising. In a recent review krtjgub-
lished in the Journal of Engineering Educationzibiger et

al. state “it is clear that [engineering] studentaild benefit
from a greater number of opportunities to addreskemtic
problems” and recommend PBL as an instructional ap
proach that can be used to achieve this goal [20].

Some research even suggests an increased likelthaod
at-risk students will succeed academically whenviglex
with alternative learning environments such as PBL.
study of girls at risk of failing middle school rhaor sci-
ence showed that all study participants had pesitaac-
tions to PBL, as evidenced by improvements in sitgle
learning processes and self-efficacy [21]. A sefeastudy
compared the effectiveness of PBL and traditionatruc-
tional approaches in developing high school stuslentic-
roeconomics knowledge and found PBL to be moreceffe
tive overall [22]. Interestingly, the results frothis study
also showed that PBL was particularly effectivehwétu-
dents of average verbal ability and below, studemit®
were more interested in learning economics andestisd
who were most and least confident in their abildysolve
problems.

While there is substantial evidence to suggest Bt
can be a valuable supplement to traditional, lechased
instruction, its effectiveness depends on a vamdtiactors
including variations in the implementation of PBletiod-
ology and assessment of learning outcomes, as agell
teachers’ knowledge skills and attitudes towards P23],
[24]. A recent case study described the outcomesnef
high school science teacher’s exploration of PBlthods
in her classroom [25].

For many teachers who have not experienced new
methodologies as teachers or as learners, trying a
new approach can be intimidating. If PBL is to
become more prevalent in K-12 contexts, assuming
this is a desirable goal, then teachers will negd s
port and encouragement to try it. Deidre, who
should be praised for her willingness to try some-
thing new in support of her students' learning, was
uncomfortable with letting go of the control offdre

by her usual methods of instruction. She overcame
this barrier, but completed the project still ques-
tioning the efficacy of PBL. Many teachers are
driven to cover the curriculum, and adopting this
more time-consuming approach is not consistent
with coverage. (p.280)

Additional research into the factors affecting tess’
adoption of PBL may prove valuable in promoting enor
widespread use of this promising pedagogical aptroa

PreviousNork

To improve the readiness of teachers, includingdrvice
and pre-service K-12 STEM educators, to incorpoRi
into their instructional methodologies, the STEMLP&0-
ject will build upon the successes of PHOTON PBlpre-
ject of the New England Board of Higher Education
(NEBHE) that was launched in 2006. Funded by thiédda
al Science Foundation (NSF), the PHOTON PBL prdiedt
to the development of eight multimedia PBL “chatier”
which were created in partnership with the photemcius-
try and university partners and field-tested by entbran 50
STEM educators from secondary and post-secondati in
tutions across the U.S. The PHOTON PBL challenges a
self-contained multimedia instructional modulesigiesd to
develop students’ problem-solving abilities and enstaind-
ing of photonics concepts and applications. Thate®jHO-
TON PBL challenges are listed below and are culyent
available at NEBHE's PBL website (http://pblprojgcirg),
along with an Implementation Guide for Teachers sedt
eral related conference publications and resourceish
provide a complete description of this prior work.

The PHOTON PBL challenges:
»  Stripping with light, fantastic! — PhotoMachinirigc.

in Pelham, NH, needs to develop a laser-based ggoce
for stripping the coating from 50-micron wire.

DNA Microarray Fabrication — Boston Universityagi
uate students need to determine the best startipg- e
sure time for a DNA microarray fabricator.

High-Power Laser Burn-In Test — IPG Photonics in
Oxford, MA, needs a way to run 100-hour unattended
burn-in tests on a 2-kilowatt laser.

Shining Light on Infant Jaundice — Partners Ptigpim,
Drexel and SMU ask, "Can technology provide a safe
and effective portable home treatment for newborn
jaundice?"

Watt's my light? — The package on an energy-gpvin
light bulb says the 26-watt fluorescent has the esam
light output as a 100-watt incandescent. Can Cél Po
Pomona students verify this statement?

Of mice and Penn — UPenn McKay Orthopedic Re-
search Lab graduate students study the healingref t
don injuries using mouse tendons. Can optics peosid
non-contact method for measuring mouse tendon prop-
erties?
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e Hiking 911 — Two boys are lost in deep woodsdngh

Four of the six STEM PBL challenges have been com-

terrain. Penn State Electro Optics Center (EOCYisee pleted and are listed below. The remaining two silein

to recommend the best technology to locate them.
« Blinded by the Light — A man is arrested for biimg a

pilot with a laser pointer. Is he innocent or gilt

Make your case.

Results of pilot tests revealed that with increasrpleri-
ence with the PBL challenges, students’
knowledge and problem-solving abilities improvedrkeal-
ly. While pre-post measures of student content kedge
were not available for the study, instructor obadons and
comparisons of student performance in aggregateyusa-
ditional measures (homework, quizzes, and exandpBi
students with performance of non-PBL students & fihst
showed that PBL students performed at least asasetion-
PBL students. Results also revealed statisticadjgificant
increases in intrinsic motivation, self-efficacydametacog-
nitive self-regulation. Finally, results showed tatistically
significant increase in metacognitive self-regulat-a key
factor linked to students’ ability to transfer knedge and
skills to new situations [26].

The STEM PBL Project

conceptuak

development.
Completed STEM PBL challenges:

* FloDesign — Students need to design a new wagxio

tract electrical energy from a wind turbine.

RSL Fiber Systems is designing an ergonomic and e

ergy-efficient lighting system for submarines.

» Cape Cod Cranberry Growers Association — Can-tech
nology be used to make a cranberry bog more energy
efficient?

» TTF Watershed Partnership — Can the problem lodimur
stormwater be addressed by local communities withou
investing in huge infrastructure projects?

The Anatomy of a PBL Challenge

Each PBL challenge contains five main sectionscas
be seen in Figure 1: 1) Introduction — An overviefathe
! ! $ %! & 1
Overview — An overview of the organization thatvea the
I'$ % " 1$ )Y*$ +
ment — A reenactment of an authentic real-worldtphics

Building on the success of PHOTON PBL, the STEM Problem as originally presented to the organizasidech-

PBL project will develop six additional PBL challges
focusing on sustainable technologies to bring veadd
problem-solving experiences into an even broadegeaf
STEM classrooms in an effort to develop studentiticel
thinking and problem-solving skills and to expokerh to
the exciting career possibilities in sustainableht®logies.
Professional development opportunities for in-servand
pre-service STEM educators will develop teacheapacity
for incorporating PBL instructional methods in thelass-
rooms.

The STEM PBL project has four primary goals:

1. Develop six multimedia STEM PBL challenges famlis

on sustainable technologies in collaboration wiitthuis-

try and university partners designed to appealeto s

ondary and post-secondary STEM students.

S * S -Discussion — A reenactment of the

brainstorming session engaged in by the organizatio
g — A detailed de-

scription of the organization’s solution to the lplem. The
Problem Discussion and Problem Solution sectioagass-
word-protected allowing instructors to control thew of
information and pace of instruction. Each of thesfimain
sections contains additional information and resesife.g.,
scripts, websites, spec sheets, etc.) intendeduige gthe
student through the problem-solving process.

2. Create and implement a web-based professionall-de
opment course for in-service STEM educators in PBL
methodology and the implementation of the PBL chal
lenges in the classroom.

3. Develop a model one-semester classroom course
PBL instructional methods using the STEM PBL chal-
lenges for use in pre-service technology and eegine
ing teacher education programs.

4. Conduct research to support future developmeRBh
instructional materials and courses.

Figure 1. Multimedia PBL Challenge Interface
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Designed to be implemented using three levels roicst
ture ranging from Structured (instructor led), taiided
(instructor guided), to Open-ended (instructor asscit-
ant), the PBL challenges provide the necessaryadafg
to assist students in the development of their lprob
solving skills through a developmental continuuny. &-
lowing students to gradually progress through tBé Phal-
lenges along a developmental continuum, studentsdea
velop the knowledge, skills and confidence to tedgponsi-
bility for their own learning. Likewise, providinigstructors
with control over the learning process and usemfily
technical and pedagogical resources makes it eaisypie-
ment PBL in their classrooms.

Another unique feature of the PBL challenges isRhab-
lem-Solvers Toolbox. The Problem Solvers Toolboxais

resource designed to help students develop a sgitem

approach to problem solving through a four-stageingve
process, as illustrated in Figure 2.

Figure 2. Problem-Solving Toolbox with Icons Represnting
Problem Analysis, Independent Research, Brainstormig and
Solution Testing

* Problem Analysis — Identifying what is known, wis

unknown and needs to be learned, and identifying a

problem constraints to properly frame the problem.

* Independent Research — Setting specific leargoals,
identifying necessary resources, and developinge-t
line and strategy for achieving those goals.

e Brainstorming — Productively engaging in colladbre
learning to identify the best course of actiongolving
the task at hand.

e Solution Testing — Developing a viable test plawali-
date your potential solution based on specific querf
mance criteria.

For each of the four processes, students clickroit@n
that reveals a “Whiteboard” graphic designed to lateuan
actual classroom whiteboard. The whiteboards, shown

Figure 3, provide a systematic method for studémtsap-
ture their thoughts, ideas and learning stratedjigig each
stage of the problem-solving process. Students ayale

through the whiteboards several times for a giveblem,

revising their problem solution each time until theon-

verge on an optimal solution. For instructionalpmses, the
whiteboards can either be printed or projected&pminto
an actual classroom whiteboard. (see Figure 4).

Figure 3. The STEM PBL Whiteboards for (clockwise fom
upper left) Problem Analysis, Independent ResearciBrain-
storming and Solution Testing

[

Figure 4. Students using the Problem Analysis Whiteoard

For instructors, a comprehensive Teacher Resowce s
tion is included (see Figure 5) that provides técdinback-
ground on the main concepts introduced, assessstraite-
gies, implementation stories detailing how othestrimctors
at different educational levels have implementeel BBL
challenge, a guide for standards alignment and la IP&w-
To Video illustrating the use of the PBL challengeghe
classroom.

INCREASINGTHE STEM RPELINE THROUGH PROBLEM-BASED LEARNING

25



Figure 5. Teacher Resources

Assessing student learning in PBL often presentsigue
challenge for educators accustomed to traditiorssess-
ment methods used in lecture-based instruction.méod
used to assess student learning in the PBL chateis)
based on a three-pronged adaptive expertise modgpited
from the
(VaNTH) Research Center for Bioengineering Educeio
Technologies [27], which involves three measuresitent

list of main concepts related to the topic beinglesed, a
reference or expert concept map for instructorgaildel
instructions for students on how to construct aceph map,
and a concept map scoring rubric. Assessing prceblem
solving ability involves both formative and summatias-
sessments. Formative or in-process assessmenicdsnac
plished via the whiteboards. As students collathozbt
engage a problem by completing the four whitebqattsy
reflect upon and elucidate their current state rafesstand-
ing, their thought processes and problem-solvingtegies.
Research shows that verbalizing the thought procdsie
engaging in problem solving improves metacognition,
which is essential for effective problem solvin@]2Sum-
mative or post-process assessment is accomplisinedgh
a Final Challenge Report. The Final Challenge Rejsoa
reflective journal that requires students to prevéddetailed
summary and critical analysis of the problem-sajvpro-
cess employed in solving the PBL challenge. Rebeasc
maintain that this final reflective exercise iserdfal in the
development of effective problem-solving skills J2%
scoring rubric is provided to grade the Final Céadle Re-

Vanderbilt-Northwestern-Texas-Harvard-MIT POrt.

Web-Based Professional Development for

knowledge, conceptual knowledge and problem-solving|n_service Educators

ability (see Figure 6). A weighted average caladabr the
three measures results in a final composite sc®pecific
weights may be assigned by the instructor depenginthe
specific course format.

Figure 6. Student assessment strategies.

To assess content knowledge, the PBL challengésdiac
a test bank consisting of multiple-choice questiatssed-
ended problems and higher-level thought provokingsg
tions centered on specific technical content assediwith
the particular problem. Conceptual knowledge refersa
student’s understanding of and the relationshipvben key
concepts underlying a particular domain of knowkdgo
assess conceptual knowledge, the PBL challengésima

Over the 2009-2010 academic year, thirty secondary,
community college, four-year college and university
service STEM educators were recruited nationwidéake
part in a 15-week online course. The online cowas con-
ducted in three 5-week sessions in fall 2010, wii@ll
and spring 2011, for a total of 90 hours of courmdgywith
a break of 6-8 weeks between sessions. Experideaaday
from prior online course delivery [30] revealedttpartici-
pants perform better in short-term sessions wittetin be-
tween to reflect on the experience and begin ta pigple-
mentation of the course material in their own alasms.

Experienced PBL instructors from the PHOTON PBL
project have also enrolled in the course as menidrs
monitor discussions and provide guidance to newlfac
Course participants work in small teams of 3-4 lkeas to
model the dynamics of how the PBL challenges véliused
in their classrooms. Using Blackboard Vista® asoarse
delivery platform, participants work to solve thrEdEM
PBL challenges, beginning with a Structured format
(Session 1), then a Guided format (Session I1), famally an
Open-ended format (Session Ill) through threadesdudi-
sions and online chats. From session to sessierpairtici-
pants are given greater autonomy as more respbtysibi
placed on them to self-direct their own learningeTourse
structure, from highly structured to open-ended ernhulate
the way instructors will use the challenges withitbown
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students. Between online class sessions, partisipaiil
collaborate with each other, PHOTON PBL mentors tied
STEM PBL project team to explore how best to incogte
the PBL challenges into their own classroom andicuia.

Prior to the online course, a two-day introductamrk-
shop was held in early fall 2010 at a central locato ac-
quaint participants with the online learning enwiment and
the PBL challenges, and to create a learning cortyntm
foster online collaboration. All participants weadded to
the PBL listserv, an email listserv managed by ke

England Board of Higher Education (NEBHE) and com-

posed of a nationwide network of PBL educators,cadu
tional researchers and industry mentors. Emplogégsrt-

ner industries and research universities also qijpatie in

the listserv to provide ongoing technical supporetuca-
tors.

A Model Classroom Course for

related PBL learning tools will evolve and will biessemi-
nated through the NEBHE PBL website.

Research Methods

As demonstrated by the literature cited previouttgre
is a great deal of evidence to suggest that therenaltiple
benefits to be realized by using PBL. The reseaisio
shows, however, that PBL requires time and efforgain-
ing acceptance and that more work is necessamypooive
teachers’ skills in facilitation and attitudes todaself-
directed learning. To address this need, the STBM [fro-
ject is currently conducting quantitative and qtaditve re-
search into teachers’ knowledge, skills and atétudon-
cerning PBL and their self-efficacy with regardit®imple-
mentation. The project will also examine the extémt
which specific online professional development \atitis
contribute to changes in teaching practices (iransfer of
training) among participating in-service teachemsl @om-

Pre-Service Technology and Engineering pare these results with the outcomes of the pnéeser

Educators

In addition to providing professional developmentin-
service teachers, the STEM PBL project will alseate a

model course in PBL methodology using the STEM PBL

challenges for technology and engineering educfi®k)
majors (pre-service middle and high-school teaghérs
accomplish this goal, an existing required classr@ourse
in instructional methods at Central ConnecticutteéStdni-
versity (CCSU) is being adapted to include PBL tlgeand
applications. The course, TE 399, is currently re&ffleonce
per year and the new PBL-based version will bevdedd
for the first time in spring 2011. TE 399 is reqarof all
TEE undergraduates at CCSU and students must hken t
at least one practicum course in the program ahéeed
junior status prior to enrolling. A course desdapt fol-
lows:

TE 399: Development of knowledge and skills necoledn
individual to function as a professional technolagpuca-
tion teacher. Preparation, presentation and evaluadf
student-developed lessons and methods of studertss
ment, unique to technology education laboratoneh, be
emphasized.

Similar to the online course, students will worksolve
three STEM PBL challenges, first as a Structureablam,
then as Guided and Open-ended. As a capstone pfojec
the course, students will use the pedagogicalegiies and
technical skills they acquire throughout the seprett de-
velop an original multimedia PBL challenge on a STE
topic of their choosing. As a result, a collectiwhSTEM-

course.

To accomplish this, the Motivated Strategies foarning
Questionnaire (MSLQ) will be administered to the amd
pre-service teachers at the beginning and end af tle-
spective courses. The MSLQ is an online surveyisting
of 81 statements regarding motivation for learniagd
learning strategies to which students are askeegpond
using a 7-point scale, from 1 ("Not true of me B do 7
("Very true of me") [31]. The questionnaire, whitikes
approximately 20 minutes to complete, will be cuosted
in order to specifically assess teachers’ percaptaf PBL.
The results from the MSLQ surveys will be triangath
with data from pre- and post-tests on PBL content
knowledge as well as samples of course work and-com
ments from focus groups. Informed consent will guired
of all participants.

Conclusion

In this paper, the STEM PBL project was presented,
three-year NSF-funded project aimed at increasihg t
STEM pipeline through PBL focused on sustainabtdte
nologies. Also discussed was how the STEM PBL ptoje
team, building on their prior work on the NSF-fuddeHO-
TON PBL project, is now working with industry and-r
search universities breaking new ground in sustéénand
green technologies to create a comprehensive seriasil-
timedia PBL challenges designed to engage studieméesl-
world problem solving. A detailed summary of the LPB
challenge model was presented as well as a ddsoript
the online professional development course offenest the

INCREASINGTHE STEM RPELINE THROUGH PROBLEM-BASED LEARNING

27



2010-2011 academic year for in-service teacher® B
instructional methods using the STEM PBL challenges
Also described was the development of a new coimse

PBL instructional methods for pre-service TEE temsh [13]
Finally, a discussion on the research activitidsedaled to
take place to evaluate the efficacy of the new STEBL
challenges with regard to the learning outcomesteartsfer  [14]
of training among participating faculty was preseht

[15]
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