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CAEE-related sessions at FIE

How Do Engineering Educators Outside the Classroom: Gender
Take Student Difference Into Differences in Extracurricular
Account? Activities of Engineering Students
Yesterday, 4:396:00 pm (M4E); Tomorrow, 8:0@9:45 am,
B.Sattler, J.Turns, KGygi LaCondesaVNest (W1D);

D.ChachraH.L. Chen, DKilgore,

Research Findings on Engineering S:D. Sheppard_ _ ]
Student Learning and Engineering ¢ We are Teaching Engineering

Teaching Students What They Need to
Today, 10:011:30 am, B¥lirador +1 T xh 1 OAT 80 7Ae
East (T2A); DChachreet al. Tomorrow, 8:0¢9:45 am,

$AOAI T PET ¢ %l GET A ARfERA¢AWIR, HNalusosE o
Philosophical Inquiry Skills R.Streveler R Miller

Today, 3:305:00 pm, EMirador

West (T4B); RKorte & K.Smith

Selected APS findings:
Successful engineering students

Learning skills and language of engineering,
e.g, teamwork, communication

Becoming more confident with design
Developing identity as engineers

Better understanding what engineers do,
e.g, through coeops, internships

Good persistence rates, but little-imigration




Selected APS findings:

Challenges

u Heavy workload, competitive culture

u Disconnect between early math/science
AT OOOAO AT A OOAAT AT (

u Difficult transition from individual work on
OOAGOAT T E6 DPOT Al AT O ¢
ended problems

u Gendered experiences, confidence
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Which three are the most

Important?

Contemporary issues
Societal context

Global context
Conducting experiments
Professionalism
Management skills
Science

Business knowledge
Leadership

Engineering tools

FIE 2009, Atman

Life -long learning
Data analysis

Math

Creativity

Design

Ethics

Engineering analysis
Teamwork
Communication
Problem solving

Importance (seniors)

Societal context

Prob

In
lem solving -

Global context

o Life- long leakning

Gl bal context
ng experiments
Science

Professionalism

Engineering tools
Data analysis
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Business knowledge

Contemporary issues




Preparedness
(seniors, self-report)

Global context

Science )
ProfessionalismLeade] Aip
Design Life-long learn/mg
Problem solving _ Creativitygis. conen

Engineering ! toolsCommunlcatlonEthlcs

Contemps =sConducting experiments  Businessknowledge
Societal context

Data anal vsis

Contemporary issues

Societal context
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The well-rounded engineer

v Understanding engineering as
discipline and profession

u Life-long learning
O8O0OEA AT CET AAO 1T £ Wi
continuously throughout his or her career,
not just about engineering but also about
EEOOI OUh bBi 1l EOEAONR

u Consideration of broader context |
O3 0AAAOCOAEDOI AT CET AAOC
always have, recognize the broader |
contexts that are intertwined in technology
AT A EOO ApbPI EAAOQEIT
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Research methods & samples

() NSSE national sample (2002, 20qR007)
National Survey of Student Engagement
N=11,819; matched pairs (firgear and senior) from 247 institutions
@ Longitudinal cohort (200%2007)
Surveys, structured interviews, ethnographic interviews and observations,
engineering design tasks
N~ 160,* from four campuses
@ Broad national sample (Spring 2008)
APPLES?2 survey
N=4,266,* crosssectional sample from 21 engineering colleges
Workplace cohort (2007)
Interviews
N = 17, earlgareer engineers at a U:Based, global manufacturer

*Oversampled for underrepresented groups

Undergraduate engineering education

A. Pathways iin g— _
\/ e y

B. Pathways through
C. Pathways out




A. Pathways in
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Qutline

o A. Pathways in
Student motivation

v B. Pathways through
1. What we offer
2. What students learn

v C. Pathways out
Career choices
Early-career engineers
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Motivation to study engineering

100.0 -
Seniors
80.0 -
o
3 60.0
7]
c
&
s 40.0 -
20.0 -
0.0 ‘ ‘
Intrinsic Intrinsic Social Financial Mentor Parental
psychologicalbehavioral good influence influence
Motivational construct
N=1,130
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0
Maotivation to study engineering

100.0 :
Seniors womer|
® men
80.0 -
[0]
S 60.0 -
(8]
(%]
C
&
s 40.0 -
20.0 - I
0.0 Fkk ‘ ‘ Fkk *
Intrinsic Intrinsic Social Financial Mentor Parental
psychologicalbehavioral good influence influence

Motivational construct
*p<0.05, ***p<0.001;N=326 women + 795 men
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RECAP:

Student motivation
Engineering majors are motivated in part by
the opportunity to be welrounded.

Social good

Potentially part of intrinsic psychological,
behavioral

DISCUSSION:
Pathways in

Do these findings match
your experiences on
your campus?




B. Pathways through

math analysis (capstone
design™w, s

internship/
research
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Qutline

o A. Pathways in
Student motivation

v B. Pathways through
1. What we offer
2. What students learn

v C. Pathways out
Career choices
Early-career engineers
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Engineering vs. other majors:
Educational experiences (seniors)

HIGH LOW

Culminating senior

) 95%
experience

Foreign language

34%
coursework

(% engineering seniors;
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Engineering vs. other majors:
Educational experiences

100% - :
Foreign language

80% m Culminating experiencesen 10rS
-

60% -
40% -
20% -
0% ‘ ‘ ‘ ‘ ‘ ‘

Engineering Science, Computer Business Social Arts & Other
Tech., Science Sciences Humanities
Math
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What counts as engineering?

OEAAAINEUAA xT@ALHI x

well-defined Ogsgt;?enrﬁ:d
problems  ingividual
i teams
smg_le multiple
solution solutions

RECAP:
What we offer

Compared with other majors, we offer more
opportunities for practice, but place less
emphasis on opportunities for a wetbunded
education.

The structure of our curriculum often begins

xEOE OEAAAI EUAA xT1 Ol /

necessarily require wetbundedness, and
Al AT 60 CAO O1 OOAAI
well-roundedness until the later years.
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Qutline

A. Pathways in
Student motivation

B. Pathways through
1. What we offer
2. What students learn

C. Pathways out
Career choices
Early-career engineers

Engineering  vs. other majors:
Engagement and outcomes scales

HIGH LOW

FY higher order FY gains, geed

thinking practices [

gp Srgains, personal &
FY gains, practical -3 socialAAOAT | B
competence Srintegrative
Srgains, practical 82 learning practices
competence Srreflective learning

practices
(0z100 scale)
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Important design - activities

O/ £ OE Ahred delign@diivities below,
please put a check mark next to the SIX MOST,|

IMPORTANT:

Abstracting
Brainstorming
Building
Communicating
Decomposing
Evaluating

Making tradeoffs
Modeling

Planning
Prototyping
Seeking information
Sketching

Impartant design - activities

Understanding the problem |
Communicating |
_ Planning |
Brainstorming |
Making decisions |
Using creativity |
_ Testing |
Visualizing |
~ Goal Setting |
Seeking Information |
o Building |
Identifying Constraints |
. Evaluating |
Generating alternatives|
Modeling |
Imagining |
Prototyping |
 Abstracting |
Making tradeoffs |
Decomposing |
Synthesizing |
Sketching |

Iterating

0%

20% 40% 60% 80%
% participants including item among six "most importe

100%
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Important design activities, - changes

80% - s
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What counts as: engineering
The student experience

OEAAAI EUAA xIT@DAKI

well-defined ngont_)(laenn(:(sad
problems  ingividual
i teams
smgle multiple
solution solutions
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Alternating design tasks

A O,
Midwest Midwest
floods floods
Street Street
crossing crossing

Midwest floods design ' task

10-minute, paperand-pencil design task

O/ OAO OEA OO6i T A0 OEA
massive flooding of the Mississippi River.
What factors would you take into account in

,,,,,,,

- EOOEOOEDPDEEO
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Year 3 floods task responses
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Close/broad contextual factors

Broad context factors: social, natural, riverbank,
surroundingsetc.

OAAOOE A G5 Agoidxddhady local

AT 1 Bl AET Oe o

OOEA OOOOTQmew@m®Am£OAO
AAIT ACA EO ATTA O OEA Al OF
Ox1T 01 A xAl1l EIi PAAO OOA 1T £

Close contextfactors: technical, wall, logistical,
water, etc.
OAT 0O 1T £ | AOGAOEAI 06
OAEAAE OEA AOACAO AOAEI AAI
OEiT x O1 Ai 1T OAET OEA OEOAO

More factors in Year 3

0 2 4 6 8 10 12 14 16 18 20
average number of factor

N =69 (longitudinal sample)
p< 0.001 (total factors)
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More close context in Year 3

Year 1 close broad

Year 3 close broad

0 2 4 6 8 10 12 14 16 18 20
average number of factor

N = 69 (longitudinal sample)
p< 0.001 (total factors and close context factors)

Gender differences

Important design activities
Women were less likely to seleBtilding more
likely to selectSeekingnformationand Goal
setting

Midwest floods
Women cited more factors than men.

Specifically, women cited moreroad context
factors than men.
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Alternating design tasks

[ A O,
Midwest Midwest
floods floods
Street Street
crossing crossing

RECAP:
What we offer, what students learn

Just as they are given more opportunities
O POAAOEAA OEAT 1 OEAO
B8OOOAAT OO OADI ¢
in practical competence.
Just as opportunities to become
wel-kOT OT AAA AOA 110 Al PEA
8OOOAAT 6O OAPI 00
related to wellroundednessé.g, life-long
learning skills, personal development).
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RECAP:
What we offer, what students learn

Reflecting the trajectory of their curriculum, from_
OEAAAI EUAA x1 O1 Ao -dfineddO
problems to more opefA T AAA AAOECT 8
8OOOAAT OO AAOAI
the language of engineering and design
Reflecting the emphasis on practical competence
relative to welOT OT AAAT AOOS
8OOOAAT OO0 T AU 110 AQ@E
to context when engaged in design.

DISCUSSION:

Pathways through

Do these findings match
your experiences on
your campus?
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C. Pathways out

Outline

A. Pathways in
Student motivation
B. Pathways through
1. What we offer
2. What students learn
C. Pathways out
Career choices
Early-career engineers
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00
Career choices

Students who complete a major in
engineering are not necessarily committed to
careers in engineering or even STEM.

Commitment to engineering career after
graduation varies with institution.

Student career decisions strongly swayed by
specific, significant experience,q,
internship, faculty interaction, mentor advice.

Early career engineers

OAOAAPOEIT T &£ 110 Al
AT CET AAOET Co

O) AI180 E£AAl 1 EEA )B8OA EAA
Problems highly uncertain, ambiguous,
complex

6)1 OEA OAAI x1 Ol Ah EOGBO A 1
OEET CO84EAOA8O A 110 Ii1T0A O
More practical, hand®n work

O4EAOABO 11 1 AOEAIAGEAAL A (
x7 61 A ET OAEIT186
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RECAP:
Pathways out

~ Ve e ~ Ve

careers
7EAT OEAU AT h OEAU Al
rounded enough

Qutline

A. Pathways in
Student motivation

B. Pathways through
1. What we offer
2. What students learn

C. Pathways out
Career choices
Early-career engineers




Supporting student pathways

Student voices:
Significant learning opportunities

Relevant and meaningful (applicable,
experiential, realworld, handson)

Challenge, conflict, dilemma, frustration,
and/or obstacles

Promotes seHdirected learning
Student ownership of the experience

Facilitates a broader vision, shows how the
pieces fit together

25



o)
Senior-year setbacks

Compared with firstU AAOOh OAT ET C
8AOA T AGO ET O11 OAA EI
SET OAOAAO i1 OA AEOANO/
S8AOA 1T AOGO OAOEOAEAEAA
S8AOA 1 AGO OAOEOAEAA
experiences.

The well-rounded engineer

i

Understanding engineering as

discipline and profession

Life-long learning
O8OEA AT CET AAO 1T £ wd
continuously throughout his or her career,
not just about engineering but also about
EEOOI OUh DIl EOEAON y

Consideration of broader context |
O3 0AAAOCOEDOI AT CET AAOC
always have, recognize the broader

contexts that are intertwined in technology
AT A EOO AbpDPlI EAAOQEIT
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Recalling the large list of
learning outcomes

Contemporary issues Life -long learning
Societal context Data analysis

Global context Math

Conducting experiments Creativity
Professionalism Design

Management skills Ethics

Science Engineering analysis
Business knowledge Teamwork
Leadership Communication
Engineering tools Problem solving
Impartant skills’knowledge ®

Problem solving ]

Communication |

Teamwork |

Engineering analysis |
Ethics

Design |

Creativity |

Life-long learning |

Data analysis |

Math

Engineering tools |

Leadership |

Business knowledge|

Science

Management skills ]

Professionalism |

Conducting experiments |

Global context |

Societal context |

Contemporary issues

all (109)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% participants including item among five "most importe




Skills/knowledge preparedness L

Teamwork
Problem solving |
Communication |
Professionalism |
Data analysis |
Math |
Leadership |
Life-long learning |
Engineering analysic]
Creativity |

Ethics
Science |

Design
Engineering tools |
Conducting experiments |
Management skills |
Societal context | all (111)
Global context |
Business knowledge |
Contemporary issues

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% participants, "more prepare(

Campuses responding

Bringing understanding of real engineering to

OEA AAOI U UAAOOS
Enablinginformedchoices (major, career)
Enabling students who care about social good
and broader goals to see that they fit

Empowering students t@wntheir learning,

become lifelong learners

(Al PET C OOOAAT OO AAO/

OAOPAAODOG




Campuses responding

Helping faculty and administrators
OAAT CT EUAS
that listening to students is important,
that what we assess signals what we value, and

that when we reinforce one narrow model of
engineering, we lose important voices and talent.

DISCUSSION

How are you supporting student
pathways on your campus?
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Many pathways

D AY. Y. &

internship/
research

FIE 2009, Atman

Paving
walkways

u Student experiences
vary widely.

u Itis important to
support the many
pathways that
students take.

Building sidewalks
where paths are worn

FIE 2009, Atman
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CAEE

CENTER FOR THE ADVANCEMENT OF ENGINEERING EDUCATION

http://www.engr.washington.edu/caee/

This material is based on work supported by the National Science Foundation under Grant No. E
0227558, which funds the Center for the Advancement of Engineering Education (CAEE). Any

opinions, findings and conclusions or recommendations expressed in this material are those of th|
author(s) and do not necessarily reflect the views of the National Science Foundation.
CAEE is a collaboration of five partner universities: Colorado School of Mines, Howard University,
Stanford University, University of Minnesota, and University of Washington.
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