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CAEE-related sessions at FIE
uHow Do Engineering Educators 

Take Student Difference Into 
Account?
Yesterday, 4:30ɀ6:00 pm (M4E); 
B.Sattler, J.Turns, K.Gygi

uResearch Findings on Engineering 
Student Learning and Engineering 
Teaching
Today, 10:00ɀ11:30 am, El Mirador
East (T2A); D.Chachraet al.

u$ÅÖÅÌÏÐÉÎÇ %ÎÇÉÎÅÅÒÉÎÇ 3ÔÕÄÅÎÔȭÓ 
Philosophical Inquiry Skills  
Today, 3:30ɀ5:00 pm, El Mirador
West (T4B); R.Korte & K.Smith 

uOutside the Classroom:  Gender 
Differences in Extracurricular 
Activities of Engineering Students
Tomorrow, 8:00ɀ9:45 am, 
LaCondesaWest (W1D); 
D.Chachra, H.L. Chen, D.Kilgore, 
S.D. Sheppard 

uWe are Teaching Engineering 
Students What They Need to 
+ÎÏ×ȟ !ÒÅÎȭÔ 7Åȩ
Tomorrow, 8:00ɀ9:45 am, 
LaEspada(W1E); H.Matusovich, 
R.Streveler, R.Miller 

3FIE 2009, Atman

Selected APS findings:

Successful engineering students

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

uBecoming more confident with design

uDeveloping identity as engineers

uBetter understanding what engineers do,
e.g., through co-ops, internships

uGood persistence rates, but little in-migration

4FIE 2009, Atman
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Selected APS findings:

Challenges
uHeavy workload, competitive culture

uDisconnect between early math/science 
ÃÏÕÒÓÅÓ ÁÎÄ ȰÒÅÁÌ ÅÎÇÉÎÅÅÒÉÎÇȱ

uDifficult transition from individual work on 
ȰÔÅØÔÂÏÏËȱ ÐÒÏÂÌÅÍÓ ÔÏ ÔÅÁÍÉÎÇ ÏÎ ÏÐÅÎ-
ended problems

uGendered experiences, confidence

5FIE 2009, Atman

6FIE 2009, Atman



4

Which three are the most 

important?

Contemporary issues

Societal context

Global context

Conducting experiments

Professionalism

Management skills

Science

Business knowledge

Leadership

Engineering tools

Life -long learning

Data analysis

Math

Creativity

Design

Ethics

Engineering analysis

Teamwork

Communication

Problem solving

7FIE 2009, Atman

Importance (seniors)

8FIE 2009, Atman

Global contextSocietal context

Contemporary issues
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Preparedness
(seniors, self -report)

9FIE 2009, Atman

Contemporary issues

Global context

Societal context

The well -rounded engineer 

uUnderstanding engineering as 
discipline and profession

u Life-long learning

ȰȣÔÈÅ ÅÎÇÉÎÅÅÒ ÏÆ ΨΦΨΦ ×ÉÌÌ ÌÅÁÒÎ 

continuously throughout his or her career, 
not just about engineering but also about 
ÈÉÓÔÏÒÙȟ ÐÏÌÉÔÉÃÓȟ ÂÕÓÉÎÅÓÓȟ ÁÎÄ ÓÏ ÆÏÒÔÈȢȱ

uConsideration of broader context
Ȱ3ÕÃÃÅÓÓÆÕÌ ÅÎÇÉÎÅÅÒÓ ÉÎ ΨΦΨΦ ×ÉÌÌȟ ÁÓ ÔÈÅÙ 
always have, recognize the broader 
contexts that are intertwined in technology 
ÁÎÄ ÉÔÓ ÁÐÐÌÉÃÁÔÉÏÎ ÉÎ ÓÏÃÉÅÔÙȢȱ

10FIE 2009, Atman
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Research methods & samples

uNSSE national sample (2002, 2006ɀ2007)

¸ National Survey of Student Engagement

¸ N = 11,819; matched pairs (first-year and senior) from 247 institutions

uLongitudinal cohort (2003ɀ2007)

¸ Surveys, structured interviews, ethnographic interviews and observations, 
engineering design tasks

¸ N 160,* from four campuses

uBroad national sample (Spring 2008)

¸ APPLES2 survey

¸ N = 4,266,* cross-sectional sample from 21 engineering colleges

uWorkplace cohort (2007)

¸ Interviews

¸ N = 17, early-career engineers at a U.S.-based, global manufacturer

*Oversampled for underrepresented groups

11
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engineering curriculum

1 2 3 4

Undergraduate engineering education

FIE 2009, Atman

A. Pathways in

B. Pathways through

C. Pathways out
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1 2 3

13

A. Pathways in

1 2 3 4

FIE 2009, Atman

Outline

uA. Pathways in

¸Student motivation

uB. Pathways through

¸ 1. What we offer

¸ 2. What students learn

uC. Pathways out

¸Career choices

¸Early-career engineers

14FIE 2009, Atman
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Motivation to study engineering 
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Seniors

N= 1,130
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B

Seniors

* p<0.05, *** p <0.001; N = 326 women + 795 men

*** *** *
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RECAP:

Student motivation
uEngineering majors are motivated in part by 

the opportunity to be well-rounded.

¸Social good

¸Potentially part of intrinsic psychological, 
behavioral

17FIE 2009, Atman

DISCUSSION:

Pathways in

Do these findings match
your experiences on 
your campus?

18FIE 2009, Atman
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1 2 3 4

19

B. Pathways through

math

science

engineering
analysis capstone

internship/
research
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design

Outline

uA. Pathways in

¸Student motivation

uB. Pathways through

¸ 1. What we offer

¸ 2. What students learn

uC. Pathways out

¸Career choices

¸Early-career engineers

20FIE 2009, Atman
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Engineering vs. other majors: 

Educational experiences (seniors) 

HIGH

Culminating senior 
experience

95%

Practicum/co-op/ 
internship/field 
experience

86%

LOW

Study abroad 22%

Indep. study/self-
designed major

23%

Foreign language 
coursework

34%

21

(% engineering seniors)

FIE 2009, Atman
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Engineering vs. other majors: 

Educational experiences
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N

Seniors
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What counts as engineering?

23FIE 2009, Atman

1 2 3 4
well-defined 

problems

single 
solution

individual

ȰÉÄÅÁÌÉÚÅÄ ×ÏÒÌÄȱ
open-ended 

problems

multiple 
solutions

teams

ȰÒÅÁÌ ×ÏÒÌÄȱ

L

RECAP:

What we offer
uCompared with other majors, we offer more 

opportunities for practice, but place less 
emphasis on opportunities for a well-rounded 
education.

uThe structure of our curriculum often begins 
×ÉÔÈ ȰÉÄÅÁÌÉÚÅÄ ×ÏÒÌÄȱ ÔÈÁÔ ÄÏÅÓÎȭÔ 
necessarily require well-roundedness, and 
ÄÏÅÓÎȭÔ ÇÅÔ ÔÏ ȰÒÅÁÌ ×ÏÒÌÄȱ ×ÈÉÃÈ ÒÅÑÕÉÒÅÓ 
well-roundedness until the later years.

24FIE 2009, Atman
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Outline

uA. Pathways in

¸Student motivation

uB. Pathways through

¸ 1. What we offer

¸ 2. What students learn

uC. Pathways out

¸Career choices

¸Early-career engineers

25FIE 2009, Atman

Engineering vs. other majors:

Engagement and outcomes scales 

HIGH

FY higher order 
thinking practices

71

FY gains, practical 
competence

73

Srgains, practical 
competence

82

LOW

26

FY gains, gen ed 62

Srgains, personal & 
social ÄÅÖÅÌÏÐÍȭÔ

49

Srintegrative 
learning practices

55

Srreflective learning 
practices

54

(0ɀ100 scale)

FIE 2009, Atman
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Ç Abstracting

Ç Brainstorming

Ç Building

Ç Communicating

Ç Decomposing

Ç Evaluating

Ç Generating alternatives

Ç Goal setting

Ç Identifying constraints

Ç Imagining

Ç Iterating

Making decisions

Ç Making trade-offs

Ç Modeling

Ç Planning

Ç Prototyping

Ç Seeking information

Ç Sketching

Ç Synthesizing

Ç Testing

Ç Understanding the problem

Ç Using creativity

Ç Visualizing

Important design activities

Ȱ/Æ ÔÈÅ Ô×ÅÎÔÙ-three design activities below, 
please put a check mark next to the SIX MOST 
IMPORTANT:

27FIE 2009, Atman
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Important design activities 

28

0% 20% 40% 60% 80% 100%

Iterating
Sketching

Synthesizing
Decomposing

Making trade-offs
Abstracting
Prototyping

Imagining
Modeling

Generating alternatives
Evaluating

Identifying Constraints
Building

Seeking Information
Goal Setting

Visualizing
Testing

Using creativity
Making decisions

Brainstorming
Planning

Communicating
Understanding the problem

% participants including item among six "most important"

Year 1

FIE 2009, Atman

L

N= 89
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Important design activities, changes 
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What counts as engineering :

The student experience

30FIE 2009, Atman

1 2 3 4
well-defined 

problems

single 
solution

individual

ȰÉÄÅÁÌÉÚÅÄ ×ÏÒÌÄȱ
open-ended 

problems

multiple 
solutions

teams

ȰÒÅÁÌ ×ÏÒÌÄȱ

L
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Alternating design tasks 

31FIE 2009, Atman

1 2 3 4
Midwest
floods

Midwest
floods

Street
crossing

Street
crossing

L

Midwest floods design task 

10-minute, paper-and-pencil design task

Ȱ/ÖÅÒ ÔÈÅ ÓÕÍÍÅÒ ÔÈÅ -ÉÄ×ÅÓÔ ÅØÐÅÒÉÅÎÃÅÄ 
massive flooding of the Mississippi River.  
What factors would you take into account in 
designing a retaining wall system for the 
-ÉÓÓÉÓÓÉÐÐÉȩȱ

32FIE 2009, Atman
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Year 3 floods task responses

33FIE 2009, Atman

L

people

safety
environment

Floods coding scheme

34FIE 2009, Atman

broad 
context

close 
context

L
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Close/broad contextual factors

uBroad context factors: social, natural, riverbank, 
surroundings, etc.
¸ ȰÁÅÓÔÈÅÔÉÃ ÁÐÐÅÁÌ ɀis it going to draw local 
ÃÏÍÐÌÁÉÎÔȩȱ

¸ ȰÔÈÅ ÓÕÒÒÏÕÎÄÉÎÇ ÈÁÂÉÔÁÔ ɀmake sure little or no 
ÄÁÍÁÇÅ ÉÓ ÄÏÎÅ ÔÏ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔȱ

¸ Ȱ×ÏÕÌÄ ×ÁÌÌ ÉÍÐÁÃÔ ÕÓÅ ÏÆ ÔÈÅ ÒÉÖÅÒ ÂÙ ÉÎÄÕÓÔÒÙȩȱ

uClose context factors: technical, wall, logistical, 
water, etc.
¸ ȰÃÏÓÔ ÏÆ ÍÁÔÅÒÉÁÌÓȱ
¸ ȰÃÈÅÃË ÔÈÅ ÂÕÄÇÅÔ ÁÖÁÉÌÁÂÌÅ ÆÏÒ ÔÈÅ ÏÐÅÒÁÔÉÏÎȱ
¸ ȰÈÏ× ÔÏ ÃÏÎÔÁÉÎ ÔÈÅ ÒÉÖÅÒ ×ÁÔÅÒ ÔÈÁÔ ÈÁÓ ÆÌÏÏÄÅÄ ÏÕÔȱ

L

FIE 2009, Atman
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More factors in Year 3

0 2 4 6 8 10 12 14 16 18 20

Year 3

Year 1

average number of factors

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

L
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37

More close context in Year 3

close

close

broad

broad

0 2 4 6 8 10 12 14 16 18 20

Year 3

Year 1

average number of factors

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

L
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Gender differences

uImportant design activities

¸Women were less likely to select Building, more 
likely to select Seekinginformationand Goal
setting.

uMidwest floods

¸Women cited more factors than men.

¸Specifically, women cited more broad context 
factors than men.

38FIE 2009, Atman
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Alternating design tasks

39FIE 2009, Atman

1 2 3 4
Midwest
floods

Midwest
floods

Street
crossing

Street
crossing

L

RECAP:

What we offer, what students learn

u Just as they are given more opportunities
ÔÏ ÐÒÁÃÔÉÃÅ ÔÈÁÎ ÏÔÈÅÒ ÍÁÊÏÒÓȣ

ȣÓÔÕÄÅÎÔÓ ÒÅÐÏÒÔ ÇÒÅÁÔÅÒ ÇÁÉÎÓ
in practical competence.

u Just as opportunities to become 
well-ÒÏÕÎÄÅÄ ÁÒÅ ÎÏÔ ÅÍÐÈÁÓÉÚÅÄȣ

ȣÓÔÕÄÅÎÔÓ ÒÅÐÏÒÔ ÆÅ×ÅÒ ÇÁÉÎÓ ÉÎ ÁÒÅÁÓ
related to well-roundedness (e.g., life-long

learning skills, personal development).

40FIE 2009, Atman
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RECAP:

What we offer, what students learn

uReflecting the trajectory of their curriculum, from 
ȰÉÄÅÁÌÉÚÅÄ ×ÏÒÌÄȱ ÔÏ ȰÒÅÁÌ ×ÏÒÌÄȟȱ ÆÒÏÍ ×ÅÌÌ-defined 
problems to more open-ÅÎÄÅÄ ÄÅÓÉÇÎȣ

ȣÓÔÕÄÅÎÔÓ ÄÅÖÅÌÏÐ ÉÎ ÔÈÅÉÒ ÕÓÅ ÏÆ
the language of engineering and design

uReflecting the emphasis on practical competence 
relative to well-ÒÏÕÎÄÅÄÎÅÓÓȣ

ȣÓÔÕÄÅÎÔÓ ÍÁÙ ÎÏÔ ÅØÈÉÂÉÔ ÁÄÅÑÕÁÔÅ ÁÔÔÅÎÔÉÏÎ
to context when engaged in design.

41FIE 2009, Atman

DISCUSSION:

Pathways through

42FIE 2009, Atman

Do these findings match
your experiences on 
your campus?
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2 3 4

43

C. Pathways out

FIE 2009, Atman

Outline

uA. Pathways in

¸Student motivation

uB. Pathways through

¸ 1. What we offer

¸ 2. What students learn

uC. Pathways out

¸Career choices

¸Early-career engineers

44FIE 2009, Atman
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Career choices 

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

uCommitment to engineering career after 
graduation varies with institution.

uStudent career decisions strongly swayed by 
specific, significant experience, e.g., 
internship, faculty interaction, mentor advice.

45FIE 2009, Atman

BL

Early career engineers 

u0ÅÒÃÅÐÔÉÏÎ ÏÆ ÎÏÔ ÄÏÉÎÇ Á ÌÏÔ ÏÆ ȰÒÅÁÌ 
ÅÎÇÉÎÅÅÒÉÎÇȱ
Ȱ) ÄÏÎȭÔ ÆÅÅÌ ÌÉËÅ )ȭÖÅ ÈÁÄ ÔÏ ÁÃÔÕÁÌÌÙ ÄÏ ÅÎÇÉÎÅÅÒÉÎÇȱ

uProblems highly uncertain, ambiguous, 
complex
Ȱ)Î ÔÈÅ ÒÅÁÌ ×ÏÒÌÄȟ ÉÔȭÓ Á ÌÏÔ ÍÏÒÅ ÄÉÆÆÉÃÕÌÔ ÔÏ ÍÏÄÅÌ 
ÔÈÉÎÇÓȣ4ÈÅÒÅȭÓ Á ÌÏÔ ÍÏÒÅ ÖÁÒÉÁÂÌÅÓ ÉÎÖÏÌÖÅÄȣȱ

uMore practical, hands-on work
Ȱ4ÈÅÒÅȭÓ ÎÏ ÍÁÔÈÅÍÁÔÉÃÁÌ ÆÏÒÍÕÌÁ ÙÏÕ ÃÏÕÌÄ ÕÓÅȟ ÌÉËÅ ÙÏÕ 
×ÏÕÌÄ ÉÎ ÓÃÈÏÏÌȣȱ

46FIE 2009, Atman
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RECAP:

Pathways out
u'ÒÁÄÕÁÔÅÓ ÄÏÎȭÔ ÁÌ×ÁÙÓ ÃÈÏÏÓÅ ÅÎÇÉÎÅÅÒÉÎÇ 

careers

u7ÈÅÎ ÔÈÅÙ ÄÏȟ ÔÈÅÙ ÄÏÎȭÔ ÁÌ×ÁÙÓ ÆÅÅÌ ×ÅÌÌ-
rounded enough

47FIE 2009, Atman

Outline

uA. Pathways in

¸Student motivation

uB. Pathways through

¸ 1. What we offer

¸ 2. What students learn

uC. Pathways out

¸Career choices

¸Early-career engineers

48FIE 2009, Atman
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49

1 2 3 4

FIE 2009, Atman

Supporting student pathways

Student voices: 
Significant learning opportunities 

uRelevant and meaningful (applicable, 
experiential, real-world, hands-on)

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

uPromotes self-directed learning

uStudent ownership of the experience

uFacilitates a broader vision, shows how the 
pieces fit together

50FIE 2009, Atman
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Senior-year setbacks 

Compared with first-ÙÅÁÒÓȟ ÓÅÎÉÏÒÓȣ

uȣÁÒÅ ÌÅÓÓ ÉÎÖÏÌÖÅÄ ÉÎ ÅÎÇÉÎÅÅÒÉÎÇ ÃÏÕÒÓÅÓȢ

uȣÉÎÔÅÒÁÃÔ ÍÏÒÅ ÆÒÅÑÕÅÎÔÌÙ ×ÉÔÈ ÉÎÓÔÒÕÃÔÏÒÓȢ

uȣÁÒÅ ÌÅÓÓ ÓÁÔÉÓÆÉÅÄ ×ÉÔÈ ÉÎÓÔÒÕÃÔÏÒÓȢ

uȣÁÒÅ ÌÅÓÓ ÓÁÔÉÓÆÉÅÄ ×ÉÔÈ ÔÈÅÉÒ ÃÏÌÌÅÇÅ 
experiences.

51FIE 2009, Atman
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The well -rounded engineer

uUnderstanding engineering as 
discipline and profession

u Life-long learning

ȰȣÔÈÅ ÅÎÇÉÎÅÅÒ ÏÆ ΨΦΨΦ ×ÉÌÌ ÌÅÁÒÎ 

continuously throughout his or her career, 
not just about engineering but also about 
ÈÉÓÔÏÒÙȟ ÐÏÌÉÔÉÃÓȟ ÂÕÓÉÎÅÓÓȟ ÁÎÄ ÓÏ ÆÏÒÔÈȢȱ

uConsideration of broader context
Ȱ3ÕÃÃÅÓÓÆÕÌ ÅÎÇÉÎÅÅÒÓ ÉÎ ΨΦΨΦ ×ÉÌÌȟ ÁÓ ÔÈÅÙ 
always have, recognize the broader 
contexts that are intertwined in technology 
ÁÎÄ ÉÔÓ ÁÐÐÌÉÃÁÔÉÏÎ ÉÎ ÓÏÃÉÅÔÙȢȱ

52FIE 2009, Atman
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Recalling the large list of 

learning outcomes

Contemporary issues

Societal context

Global context

Conducting experiments

Professionalism

Management skills

Science

Business knowledge

Leadership

Engineering tools

Life -long learning

Data analysis

Math

Creativity

Design

Ethics

Engineering analysis

Teamwork

Communication

Problem solving

53FIE 2009, Atman
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Important skills/knowledge 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Contemporary issues
Societal context

Global context
Conducting experiments

Professionalism
Management skills

Science
Business knowledge

Leadership
Engineering tools

Math
Data analysis

Life-long learning
Creativity

Design
Ethics

Engineering analysis
Teamwork

Communication
Problem solving

% participants including item among five "most important"

all (109)

Year 4

FIE 2009, Atman
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Skills/knowledge preparedness 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Contemporary issues
Business knowledge

Global context
Societal context

Management skills
Conducting experiments

Engineering tools
Design

Science
Ethics

Creativity
Engineering analysis

Life-long learning
Leadership

Math
Data analysis

Professionalism
Communication
Problem solving

Teamwork

% participants, "more prepared"

all (111)

Year 4

FIE 2009, Atman
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Campuses responding

uBringing understanding of real engineering to 
ÔÈÅ ÅÁÒÌÙ ÙÅÁÒÓȣ

¸Enabling informedchoices (major, career)

¸Enabling students who care about social good 
and broader goals to see that they fit

uEmpowering students to own their learning, 
become life-long learners

u(ÅÌÐÉÎÇ ÓÔÕÄÅÎÔÓ ÄÅÖÅÌÏÐ ȰÉÎÔÅÒÄÉÓÃÉÐÌÉÎÁÒÙ 
ÒÅÓÐÅÃÔȱ

56FIE 2009, Atman
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Campuses responding

uHelping faculty and administrators 
ÒÅÃÏÇÎÉÚÅȣ

¸ 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.

57FIE 2009, Atman

DISCUSSION

58FIE 2009, Atman

How are you supporting student 
pathways on your campus?
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1 2 3 4

59

Many pathways

math

science

engineering
analysis capstone

internship/
research

FIE 2009, Atman

design

Paving 

walkways

uStudent experiences 
vary widely.

u It is important to 
support the many 
pathways that 
students take.

60FIE 2009, Atman

Building sidewalks
where paths are worn

2.0, FlickrÕÓÅÒ ȰTroisTêtesɉ44Ɋ Ⱦ 'ÁÒÅÔÈȱ
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