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Summ

Thefollowing report presents the findingsfrom the evaluetion research conduded
by Davis Squae Research Assodates (DSRA) for the Bogon Museum of Science
PCET (Pre-College Engineering for Teachers) project, with afocuson the series
of summer workshopsconduded at three sites (Tufts University, UMass-Lowell,
and Worcester Polytechnic Ingitute) during the summer of 2007. This part of the
NSFN funded project seeks to improve the participantsQundestanding of
engineering and ther capacity to teach engineering conaepts and methodsin
elementary school classroomns.

Key findingsindude

1. Participantsimproved in their knowledgeof, and attitudes toward,
engineering for teaching

2. Participants judgel the Engineeringis Elementary (EiE) materials to be of
highvalueand likely to bevery well received by students

3. Participants ganed in their confidence in teaching engineering

4. Participants expressed consderable eagerness to begin the implementation
of engineering units

Metho

The sampling frame for thereport is coextensve with the participantsin the
summer program (N=162) Further information on the participants and activities
will befoundin the project report.

Theevaluaion methodrelies upononeonline survey and three focusgroups
developad by DSRA in collaboration with the PCET project management team.
Rather distinct from previoussurveys, the current survey relied somewha more
heavily on quditative data gathered throughopen-ended questions  These data
were gahered online, then downloaded by DSRA for andysisin SPSS.
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All focusgroupswere conduded at the Tufts site. These data were transcribed
and then andyzed by DSRA usng HyperResearch.

Thekey questionsfor the survey were:

¥  Wha were theeffects of participationin PCET on participants
knowledge attitude and ingructiond practices around engineering
content?

Wha are therespongs to the paticipants to the EIE material ?
Wha are the progects for implementation of the engineering units?
What other effects of participaion can beattributed to PCET?

K K K

Finding

Survey Findings

In this section DSRA presents the findingsfrom the survey. Thefirst section
presents thedaafromall respondents, from all workshop sites, in aggregate form.

When asked for a general response to wha worked well in the workshop,
participants quickly established a patern that would hold true throughou the
survey. This patern can be characterized as tremendousy postive, with the areas
of appreciationroughly divisibleinto three areas. These areas are (1) more or less
specific learning ganed throughinteractionswith other teachers, presentations
and the EIE materias, (2) an appreciation for theworkingsof the professiond
development activities, and (3) reported changes in awareness, attitudes, and
behavior. For thefirst respongs to the opening question, DSRA has taken
created three categories of utterances. It should be noted tha these categories are
not so much watertight conceptud acts, asthey are away of making sense of the
gened trendlinesin theresponss.
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Table 1: Sample of Participant Reactions to the Workshops

Interactions Activities Learning

¥ Interaction with other ¥ All of the"handson" ¥ Theexplandionsof
teachers, having the units activities units. Thetria and error
presented by teachers ¥ | liked tha we gotto try onour patsto see how
who had already taught outthedifferent they could fit into our
them. activities. curriculum and grade

¥ | enjoyed theinteraction | ¥ It wasgreat to beableto level. Thecongstency of
of theteachers and expeience thehandson the scientific method
logical and creative activities for many of the stages/stages of inquiry
thinking skill that were lessonsasthisreally and howittiesto D.O.E.
used when working with hdpsto think throughthe standarddlearning
thehandson projects. way it will work with strands Havingthe

¥ Workingin groupstrying students. "theory" of theunits
thelessongdactivities (i.e. | ¥ Thiswas oneof the best taughtby engineering
building bridges, workshopsl've ever expertise, as oppogd to
windmills and water attended. It was a great thisishowto dotheunit
filters). mix of listening and with no theory

¥ | enjoyed beingin the doing. Theoppatunities foundaion, which was
company of same grade to gothroughthebindas my whole purposin
teachers so tha ideas tha and work out each lesson taking the course.
were shared were things wereinvduable. | left thetraining with a
tha we could actudly Teaches never have tha new respect for thefield
use. kind of time to of engineering.

¥ Undeastandthe expeience it themselves! | enjoyed learning about
chdlenges. ¥ | liked theflow of the engineering and

¥ Working on theprojects workshops Lecture, or discovering tha it's not
in teams, looking at the listening activities were some scary, difficult
binde materials, mixed with handson subject, only for theé€lite.
listening to the staff who lessonstha brokeup the It was great to have a
have donetheunits, day and kept it college engineering
having an engineer interesting and fast- professor lead the
available to answver moving. program; loved touring
guestionsand give ¥ Thehandson activities the plastics labs loved
suggestions and the freedomto make trying outtheunits; loved

¥ | meet many teachers mistakes refine and retest learning background
who shared many great ¥ Doingthevarious information aboutU

ideas. | received alot of
backgroundinformation
to assist me when | teach
these units.

activities, gave me
confidenceto try themin
my own classroom
Having several of them
showcased gave me a
goodindication of wha
they were about

Mass Lowell North
campus loved theground
water experiment at the
Boot Mill and thetour of
thewater turbine It was
avery worthwhile week.
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When asked for thejudgnents onthe EiE materials, participants were
overwhdmingly postivein thar respongs. In Table 2 bdow, note notonly the
very high mean values, but also thevery low standard deviations(SD), indicating
asignificantly (Kolmogaov-Smirnov) highe than expected level of conseensus
amongthe paticipants. Thisisaremarkably strong finding, especially in the
light of the highly diverse group of teachers responding to thequestions

Table 2: Participant Assessmentsof EIiE Units

Using the scale, please let usknowwhether you agree or

disagree with the following statements aboutthe EiE

curriculum M SD
EiE units are well designed. 6.59* .802
EiE unitsfit into my required curriculum, rather than

being "onemore thing" to teach. 6.31* .962
EiE units are well matched to my level of students. 6.13* 1.215

*Significant @ p<.05 (K-9)
Scale: 1=Greatest disagreement; 7=Greatest agreement

When asked to expand on thar responses to the questionson the qudity of the
EiE units, teachers declared tha the materials are an excellent fit for elementary
school students and teachers. The qudities more often cited are thehandson
approach used by the units, the strongly soundpedagogical design of the units, the
ease with which they can be adgpted to fit local circumstances, the collaborative
nature of the activities, and the many ways in which usng the units promotes a
greater awareness of the ubiquity of engineering in thelives of the students.

Of some concern for respondents was the length of time required to do the
lessons the acquisition and management of material resources to suppot the
lessons and thereading level of the EIE stories.

Table 3 bdow offers asampling of participant respongs to aquestion onthe
strengths and weaknesses of the EIiE units.
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Table 3: Sampling of Participant Comments on EiE Units

Good Match

Challengesto Match

¥ TheEIE units are interesting and
engaging learning experiences. | fed that
the conaepts are appropriate for my age
group. The engineering concepts feed on
thenatura curiogty of my young
"engineers.” | dso liketheclear-cut
design and scaffolding of the units.

¥ | thoughtmog of theunits were
developmentally appropriate. The
literature may bealittle lengthy and |
may need to play aroundwith the
management piece, butoverall | seethe
units as highly motivating for students.

¥ Therearealot of strengths Using a story
to introdue theunit and the big activity
at theend are two important pats.
Adding a paent component may hdp
judify thetime spent ontheunits.

¥ | could easily integrate thedesign process
into many aspects of my classroom |
liked theway you do some mini
expeiments before designing the
chdlengeproject. | aso liketheway the
chdlenges depend on coopeative groups
which reinforces theimportance of group
work to get thingsdone

¥ Thebridgebuilding unit will fit in with
my curriculumvery easily. | already do
bridgebuilding with my students dunng
thefirst chapter of the science book. |
will expand onthis activity usng EiE
usngthebridgebulding unit. The
strengths of the units are the handson
activities. These activities are directed
a al learnersand will comein handyin
my diverse classroom

¥ | think theunits are well designed. I'm
looking forward to trying them outin my
classroom Asyou know, finding the
timeisaways astruggle. Thistypeof
handson curriculumisvery
developmentally appropriate for mos
first graders.

¥

| think that theliterature connection
provided for each unit is valuable butwould
loveto see more grade appropriate picture
book-style booksin thefuture. Attention
can beaproblem at tha age

| can work a unit into my overfilled
curriculum, but there are alot of activities,
set up and take down time, and materialsto
storein my overstuffed classroom Jugt
having theknowledgefrom this course will
hdp me present thingsdifferently to the
students, and hep them to get alittle more
into engineering.

It isachdlengeto fit them in an aready
"packed" curriculum, butthe activities are
so well-plannad according to ability leve,
groupsize, etc., tha | think they should be
successful! It issuch adilemma. We have
to cover so much curriculumin ashort span
of time. On the other hand, children learn
and remember themateria better when they
are engaged in activities rathe than jus
taking notes, completing worksheets and
reviews, and taking assessments.

Some of the projects (bridges for example)
seem too involved and lengthy to
realistically fit into our already jam packed
curriculum. However, | think they would
make for great after-school or summer
enrichment programs!

They are abit lengthy. They require prior
knowledge so ontop of teaching the
lesson, you have to add 2 other weeksto do
theEiE unit. Elementary teache'sare very
pressed for time. However, | dothink that
it isawondeful program. | thinkitisvery
important that kidslearn engineering. It
hdpsthem in al areas of school. It also
allows them to think outsidethe box, which
they need to learn howto do.
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Participants were asked a series of questionson how well the workshopsmet thar
gods. InTable4 bdow, DSRA presentsthese daa. Note agan thevery high
mean values, thevery low standard deviations and the congstent finding of
statistical significance (K-S statistic). It isdifficult to envision of series of
workshopsachieving a greater level of success across such widdy varying
groups

Table 4: Participant Judgments of Workshop Success

Using thefollowing scale, howwell did the PCET
workshop meet the following goals? M SD

TheEIE units and materials were presented in amanne
so | feel comfortable usngthem in my classroom 6.61* .653

Theworkshop provided strategies for doing
engineering in my classroom (assessment, classroom

management). 6.40* 817
Theworkshop prepaed me so | fedl ready to doan

engineering design project in my classroomnext year. 6.68* .585
Theworkshopallowed meto learn by daing. 6.89* 371
Theworkshop gave me sufficient introdudionto the

MA Technology/ Engneering State Frameworks. 5.87* 1.182
Theworkshop had agoodbdance of speskers, long

projects, shorter activities, and discussons 6.37* 1.089
Theworkshopwas well planned. 6.18* 1.298

*Significant @ p<.05 (K-9)
Scale: 1=Greatest disagreement; 7=Greatest agreement

Of particular interest to the evaluaion research was any gain in knowledgeamong
the paticipants. Given tha theadministration of pre-pod testing was not
feasible, DSRA relied on self-report (Table 5 bdow). These daaareonce agan
very strong,with low mean values and congstent levels of statistical significance
(K-9).
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Table5: Participant Reported Gainsin Knowledge

How much hasyour knowledgeand unde standing of

thefollomng improved asa result of PCET? M SD
My knowledgeof therangeof engineering disciplines 3.69* 573
My knowledgeof what engineers do 3.68* 627
My knowledge of the pavasiveness of engineeringin

our sodety 3.64* .665
Undestanding tha there is nat necessarily oneQightO

answver for engineering problems 3.47* .850
My knowledgeof the MA technology/engineering

frameworks 2.75* 827
My knowledgeof the engineering design process 3.59* .636
My knowledgeof thetypes of condraints tha influence

thedesign and selection of engineering criteria 3.30* T71
My ability to andyze engineering solutionstha my

students may come up with 3.17* 719

Significant at p<.05 (K-9)

Scale: 1=Not at all; 2=Slightly; 3=Modeately; 4=Creatly

Teachers were asked how thar awareness of engineering had changed through
paticipaion. Theresponss were very postive once agan, with only a handful
of respondents reporting no change Thereported changes were divided, agan
very roughly, into two categories. Thefirst category captured responses tha
referred to genera changesin awareness. These responses tended to spesk of a
widening of therespondent® congtioushess of thework of engineersin theworld.
The second category was reserved for respongs tha madereference to achange
in attitudetoward engineering, or some changein behavior readily assodable with
paticipaionin the project. Table 6 bdow presents a sampling of respongs for

these two categories.
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Table 6: Sampling of Participant Responses

Awareness

Attitude & Behavior

¥ It has enhanced my undestanding of
enginezring and technology by exposng
me to many redl life Stuaionswhere
engineering is employed.

¥ | am more congiousof how and where
engineers have madethar mark and tha
therangeof designsand solutionsis
immeasurable.

¥ Thisworkshop has made me more aware
of theimprovements tha engineers have
made and could make in ourworld. Asa
result of thisworkshop| notonly ganed
agreater undestanding of engineering
and thedesign process butnow | also
have a new appreciation for recycling
plastics!

¥ | hadn'trealized how enginearsinfluence
so many different aspects of our
everyday lives. It will beinterestingto
present thisinformationto my students
and to let them know what kindsof
oppotunities are outthere for them in the
world of engineering and technology.

¥ It has broadened my perspective on
engineering and theimportance of
introduangit to children in the
classroom

¥ | had avery narow view of wha
engineering and technology was. but
PCET has "opened my eyes."

¥ My dad was an engineer
(Mechanical/Project). | feel tha after this
workshop| more deeply appreciate the
work hedid.

¥

| have become a bridgefanatic! | was able
to go home and explain my projects to my
4-year-old son,who was fascinaed.

| was quite ignaant before theworkshop. |
am observing technology and design all
aroundme know. | feel excited to bring this
knowledgeto the classroom

| really step back and look at thingsmore
closly and see how it relates to wha we
learned at theworkshop. | foundl talked to
my family aboutthis quite often when the
workshopwas finished.

| never looked at theworld asfull of
engineering projects. Sincetheclass| have
seen theworld differently...seeing
engineering projects everywhere.

| am better able to explain (or attempt to)
even complex engineering and
technological conaepts.

| will andyze different types of objects tha
| am surroundby in my everyday life.

It certainly has. | often wonde how abag
of coffee beansended up ontheshdf at the
supamarket, how abridgewas built in the
water, etc. This course mademerealize
how much thoughtand often collaboration
gosesinto designing and creating things |
think the workshop makes onewonde
more and ask more questions

Yes, | never stoppel to think how amog
everything (except naure) aroundushas
been influence or toudhed in someway by
theengineering process. It also mademe
excited to introduce engineering as a career
path to al students but specifically girls.

When asked how participaionin PCET has changed theway they teach,
participants madereference to both specific and generalized effects. Table 7
bdow offers asampling of respongs. Note that the trangtion from specific to
gened effects does not appear to be especially challenging, an indication tha
PCET paticipaion may Qipple outOto affect other classroom practices in other

content areas by the same teacher.
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Table 7. Sampling of Participant Responsesto Teaching Changes Question

Specific Effects

Generalized Effects

¥

| will emphasize the process as amgor
component of any project. Infirst grade,
thekidsjug want to jump in. Thiswill
realy hdp me show them howimportant
planning and testing are.

Yes. Mainly for theundestanding of
engineering. | will use parts of the plant
unit since | teach Fast Grow during the
year.

Theworkshop used materials and
projects that will be useful in teaching
engineering concepts.

As aresult of thisworkshop| will enter
my classroomnext September more
confident in fogering the problem
solving process tha engineersuse in our
sodety. | feel more comfortable
facilitating a classroomthat is driven by
student queies and solutions

It made mereally think aboutwhat | will
do beter next year with theunits| teach
especialy in making connestionsfrom
thestory to thedesignchdlenge It dso
made me realize howimportant the
discussion after isas far astakingto the
students aboutwha worked best and
why.

| have always been comfortable teaching
the cute fuzzy science topics, like
butterfly life cycles. |1 nowfedl likel
have much more confidence to teach the
engineeringftechnology topics. Even
thoughl need to know more, | feel like
thisworkshop set me ontheright pah.
In engineering, thereisn't aways one
correct answer and it's okay to fail and try
agan. Thisisasomewha different
messagethan kidsgenerally get in
school. With thisin mind, | will change
theway | teach.

¥ | especidly appreciated the speaker on
"women as enginexrs’. | can better
visudize and talk to students aboutthe
possibility of thiskind of future for them. |
am reminded of the congrudtivist approach
and noticed thevalue of thechance for
"redesign” on some of these projects. As
you know, timeis dwaystheissue

¥ Yes, by implementing thedesign process |
will beasking kidsto think more for
themselves, create with fewer restrictions
theway they bdieveisbest and| bdieve
thiswill generate agreater interest in the
science curriculum.

¥ | will usetheengineering design process
not only when teaching engineering or
other science disciplines as well as adapting
it to other curriculum areas.

¥ | will besuretoincorporate thedesign
process into my classroomacrossthe
curriculum.

¥ My whole science focusand timeis going
to changethisyear so | am very excited to
beableto use themodd of thedesign
processin my classesthisyear. | likethe
idea of thegroupwork, discussion and
execution of thechdlengesthat PCET has
presented.

¥ Yes. Oneof thespeakersrecounied her
experience as an elementary school student.
After hearing her express her view tha she
did not g& enoughscience as achild, | was
moved. It made a profoundimpact on me.

¥ | currently use theinquiry methodand
realize thevalue of experience-based
learning. | will emphasize the engineering
process more and discuss its relationdhip to
thewriting process. Revisionis an
oppotunity to improve | aso plan to make
more connectionsfor my students with the
real world.

DSRA
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Participants were asked for additiond comments at the conduson of the survey.
These comments were agan hugdy postive, with the suggestionsfor
improvement ailmog invariably referring to ways in which the scheduling might

beimproved.

Table 8: Concluding Open-Ended Comments

Posgtive

Suggestions

¥ Thank youfor theoppotunity to learn the

engineering design process and bring it
back to my students!

It was a GREAT week! | felt, and till fed,
alittle overwhdmed by al of it. |
appreciate how smart and organized
engineers haveto be butasaways, | love
theteamwork aspect.

Thiswas THE BEST workshop| have ever
attended and tha indudes al the workshops
| attended whilein the Biotech indudry.
Bravotoyoudl! P.S.Doyouhavea
similar typeworkshop addressing the
science frameworks?

Thiswas oneof themog useful and hdpful
workshopsl have attended in the area of
science. | feel very lucky to have been
accepted to attend.

| think thewhole ideaof EIiE isfabulous
because mog elementary school teachers do
not come out of collegewith any
backgroundin engineering, yet thisis a pat
of our state frameworks which we are
expected to teach. Having attended the
PCET workshop has hdped me to feel more
comfortable addressing this part of the
frameworks in my classroom It has
ddinitely added to my knowledgebase and
| have also discovered some goodresources
tha | canlook to when
engineringtechnology questionscome up
in my classroom

Thiswas oneof only afew workshopstha |
have felt excited and confident about
implementing the curriculumin my
classsoom Everything was well though
outand planned. | cannotwait to teach the
Bridging unit.

¥ | think tha time could have been used
more efficiently throughoutthe
workshop. Theteaching tha was
modded was not always effective and,
more often than not, theteachers did not
seem well prepared for thar lessons

¥ | enjoyed theweek especialy working
the'mentors. Althoughl knowthat the
time condraints did notallow usto do
handsonwith al of theunits| felt the
ones tha we did notdo were glossed
ove much too quickly. | don'tknow
how tha could beremedied andif itis
fully necessary but| thoughtl would
point that outto the staff.

¥ Overdl theworkshopwas avauable
experience. However, planning needs
some improvement. For example, we
only had onefan to test windmills for
the 30+ workshop paticipants. Some
materials could have been copied to
trangarendes so tha all of the
participants could view them propely. |
bdieve the schedule could have been
tightened.

¥ | think each table should have each unit
presented whenever we are working.
Last year was two weeks for the
program. | would have liked to have
doneall theunits (I realize tha would
beimposible)

¥ | redly enjoyed the workshop, butwish
tha there were units directed more
towardsfirst grade material.

¥ Theworkshopday wastoolong. By the
middle of the week mog weretootired.
| would have liked to have thisdonein a
long morning session.

DSRA
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Focus Group Findin gs

At the conduson of the Tufts workshop, three focus groupswere conduded, two
by Russell Faux and oneby aMuseum of Science researcher. Thekey domains
for these focusgroupswere:

1. Changesin participantsOawareness of, and perspectives on, science,
technology, and engineering

2. Changesin participantsOperspectives on the capabilities of students to
carry outengineering activities for important learning gans

3. Pergpectives ontheimplementation of the EIE unitsin elementary
classroons

Each group comprised 6-8 participants, was recorded with transcriptionsmade of
therecordings These transcriptionswere then andyzed usng HyperResearch.

Thefocusgroupstended strongly to corrobaate wha was foundin the survey
dataabove Participants ganed in ther awareness of, and appreciation for,
engineering. Participants said they thoughtthey EiE materials would work well
as ameansof conveying engineering thoughtto students. Thelearning activities
tha the paticipants envisionad for ther students would be both engaging and
highly generative. The use of these engineering activities was an excellent fit for
the elementary classroom, with the strongprevalence of differentiated ingruction,
the nead to encourage students to work together in a handson and real-world
setting, to reflect collectively, to take risks, and, pehgpsmog importantly, view
failure as an oppatunity to learn and improve

These andyses are summarized in thefollowing table:
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Table 9: Focus Group Findings Synthesized

Domain Finding Examples
Participant Confirming the ¥ | fed like | have amuch beter undestanding of
Awareness survey findings wha engineeringis, | feel like | have amuch better
paticipants undestanding of wha technologyis.
reported ¥ | foundtha | feel | redly undestand wha
heightened engineering is now, which | didn'tbefore.
awarenessof the | ¥ Sowhen you seeit fromthestandpont of all the
ubiquity and different facets of engineering, it realy opensthe
accessibility of whole world of possibilitiesto kids
engineering
thought
Expectations Participants ¥ I've come outof thisthinkingtha thisis wondeful
for Student congstently for thechildren, to give them tha other component,
Learning declared tha tha creative "use what you know."
students would ¥ | saw presentersfor 1¢ gradetha | was sure tha
bendfit from tho=e children would not be able to do thethingstha
engagingin the they were doing with them and, yet, they did them.
EIE So | think I've changed in my expectationsof my
students. | bdieve tha | would think they would be
able to do more.
¥ | think theimprovement part of the engineering
processis probably the mos important thing
because you jud don'tsay, "Oh, that'sit, tha'sgodd
enough,I'mdone" They'realwaysimproving Sol
think tha's really important for kidswhen they want
to say - when they think there'sonly oneright
answer, when they g theright answer, tha'siit,
they shouldn't have to think anymore. Andtha's
wha | think is oneof themod vauable things
Progects for While some ¥ | would loveto showthisto my prindpd and belike
Implementation | logistical and "Well, thisiswha areal classroomlookslike.O
scheduling ¥ Initialy if youtold me that | would have to have my
problems may class make windmills or bridges | would have said,
persist, "Areyou outof yourmind? It'sway too ove thar
participants were heads" Butthey brokeit downin such away that
confident tha the it'sfeasible.
implementations | ¥ Everyoneshould see tha wind demondration. | feel

would go forward
and be successful.

like the whole state of Massachusetts should see
that.
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Recomm

It israther rare in education program evaluaion to view such alarge and far-flung
undetaking be so consstently and strikingly successful asthe2007PCET
summer workshops Thedaa are clear in undescoring thetruly stunning degree
to which PCET met its core objectives. Participants spokeeffusvely and often of
thetremendousgansthey had made, therevelatory qudity of their nevfound
appreciation for engineering, and the clarity of thar undestanding onhow to
introduce EIE materialsin ther classroons.

In view of theforegoing, DSRA hesitates to offer recommendéions however, it
may bethe Project would wish to consder thefollowing:

¥ Pre-pog testing of paticipants at the summer workshops rather than
relying on self-report data

¥ Asimplementationsevolve and mature, collect enoughstudent
learning data to begin to develop aregresson modd of effectiveness
across different venues

¥ Moveto build something alongthelines of FaceBook to suppot the
sodal networking possibilities coming outtheworkshops
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