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ENGINEERING EDUCATION RESEARCH TO PRACTICE (E2R2P):
NSF GRANT 1037808

Abstract

The E2R2P team employs a unique interdisciplinary approach to facilitate faculty adoption
of research-based educational strategies across the engineering curriculum. As part of a
""Sounding Board" of potential adopters, faculty will provide guidance, review components
of redesigned courses, and participate in a series of workshops highlighting a variety of
problem- and project-based instructional strategies™ .

A “Test Bed” will act as a venue for the visible redesign of existing courses in ways that
employ authentic learning and assessment activities--where students do real-world
engineering in the classroom. The redesigned courses will also help students inbound into
their community of professional practice *“. Project mentors drawn from a local
professional engineering organization will help students to complete projects, and online
webinars/live lectures will bring practicing engineers and other experts into the classroom.
These instructional approaches should increase the number of activities and beliefs that
support student entry into their community of engineering practice. This poster session
provides in-progress results of a literature review identifying factors and potential
measures facilitating entry into this community of practice.

As courses are redesigned in the Test Bed, the Sounding Board will provide guidance and
feedback on deliverables arising from the course redesigns, such as job-focused objectives,
active learning strategies, authentic assessments, rubrics, and prototypes illustrating key
instructional components. The Sounding Board will also provide a venue to deliver skill
training associated problem- and project-based instructional skills. In addition, the
Sounding Board will enable the team to employ change management approaches > °© that
decrease resistance to change by facilitating the adoption process and building
characteristics into educational strategies that will encourage their use. To create a demand
(“pull”) for these strategies and redesigned courses while mitigating project risk, the team
will use a software engineering approach called Rapid Application Development "2, To
measure rates of faculty adoption, the team will create a Sounding Board Survey collecting
both quantitative and qualitative data. This poster session provides an in-progress version
of this survey and an analysis of collected data.

Index Terms

Engineering education, Learning, Project engineering, Engineering profession
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l. Introduction

Ultimate Goal
Develop a Change Process

* Cross the “Valley of Death”
= Qversight of SB and CR

* Performance Metrics for SB and CR
* Process Conclusions

Engineering
education has
typically been
delivered via the
transformation of
information and
theory through
lecture in isolation
of the active use of
the acquired
knowledge. While
classroom taught
engineering
fundamentals are
certainly important,
of equal value and
importance is the
integration of hands-

on practical learning Figure 1: E2R2P Concept. To cross a valley of death promoting transfer of learned engineering
to enhance the skills to later courses and the workplace, the E2R2P effort will employ course redesigns in a visible
transfer of test bed and a sounding board.

fundamentals to

later courses and, ultimately, real-world contexts. To address this issue the E2R2P project aims
to redesign engineering courses at an urban university. This paper will provide an overview of
the E2R2P project and the efforts of this project to date, which include a survey measuring
students’ inbounding activities related to their professional community of practice (see appendix)
and a survey that measures faculty adoption (see appendix) of the problem- and project-based
learning techniques used in the redesigned courses. This paper will also present a synopsis of the
data collected to date, which includes a first run of the faculty adoption survey.

Course Redesign
Test Bed for - *+ Objective Transformation
* Assessment Methods

* Professional Mentors

Before
* Lecture
* Exams
“Content by ABET”

* Project Based Learning
* Rubrics
« “Professional Content”

As depicted in Figure 1, the E?R2P effort will develop a change process to span the "valley of
death" separating engineering education and the engineering workplace. Courses before this
effort could be characterized by their reliance on lecture, exams, and content mandated by
ABET. Future courses should be characterized by their use of project- and problem-based
learning, rubrics measuring complex problem solving and decision making, and professional
content associated with real-world engineering deliverables.

I1. Course Redesign in the Test Bed

To facilitate this change, the E?R2P team will redesign courses in a test bed, using the guidance,
feedback, and collaboration of university faculty comprising a sounding board. In the test bed,
engineering faculty will collaborate with instructional designers and workplace performance
improvement specialists to redesign selected courses. As depicted in Figure 2, the redesigns will
include increased reliance on instructional strategies such as active learning, problem-based
learning, and project-based learning. Use of these strategies will transform objectives and
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assessment
methods, leading
to improved
learning outcomes
that facilitate skill
to subsequent
courses and the

Sounding Board of

Potential Faculty Adopters

« Provide input on application of
research-based strategies

« Offer a risk-free venue to view
applied strategies.

Course Re-Designs
“The Test Bed”

* lllustrate research-based
instructional strategies designed
whole-cloth into representative
engineering courses.

* Accommodate local context: “our

+ Collect student data about learning,

engineel"i ng motivation, and inbound S students, our courses, our
involvementin a larger community 5 % university
Workplace- of engineering practice. oo « Identify and address concerns.
- ° . L .
DraW|ng on + Demonstrate research-based 3 .g * Identify and address administrative
practices in action in live courses. g 'g support.
aSpeCtS Of a % 9 + Facilitate stages of adoption.
-, . —
cognitive >0
(= =)

apprenticeship,

the redesigned Figure 2: E2R2P Components. The E?R2P effort seeks to facilitate engineering faculty adoption
courses will also of research-based instructional strategies that will improve student learning, retention, and transfer
of learned skills to subsequent courses and the engineering workplace. To this end, the effort will

mcorp_orate employ visible course redesigns in a “test bed,” a sounding board of potential adoptions, and a
mOde“ng by project management approach based on rapid application development (RAD).
practicing

engineers who will act as project mentors and other visiting experts who will deliver lectures and
facilitate webinars on topics relating to engineering and what engineers typically do in the
workplace.

The course redesigns will incorporate problem- and project-based learning, which is a
constructivist learning approach. This moves away from the traditional deductive method that
begins “with theories and progress(es) to the application of those theories™. The constructivist
approach this project will implement is an inductive method that begins with an ill-structured
genuine problem that students will work on as a team. Through this process, the students will
learn to think critically, find and utilize appropriate learning resources, and demonstrate effective
verbal and written communication skills °. The course redesigns will also implement strategies
that help aid the students to inbound into their community of professional practice. One of these
strategies is to use project mentors from the professional engineering community. These mentors
will help students by answering questions concerning engineering, providing support for their
project-based learning experiences, and introducing them into the local engineering community.
The course redesign will also use webinars and live lectures to introduce the students to
practicing engineers outside of the local community. Engineering faculty and other interested
parties throughout the university will be able to observe these strategies in action in the
redesigned test bed courses.

The test bed will also allow the team to collect formative and summative student data regarding
learning, motivation, and emerging involvement in the larger community of engineering practice.
By introducing the students to the professional engineering community of practice, the E°R2P
expects that the students will undergo a number of inbounding activities. To help identify the
inbounding activities of the students, the research team conducted a literature review to
determine how freshly minted engineers successfully enter into their professional community of
practice (See Appendix A). This literature review began with the analysis of some foundational
books regarding communities of practice and the analysis of these books returned a broad
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overview of inbounding activities into communities of practice® 1 The research team used
the broad overview from the initial analysis to serve as the foundation for the second round of
the literature review. During the second round, the research team conducted a Google Scholar
search using the several variations of the following terms: engineering, community of practice,
survey, questionnaire, confirmatory factor analysis, exploratory factor analysis, and path
analysis. The results of both of these searches informed the creation of a community of practice
inbounding survey that aims to measure the students’ inbounding into a professional community
of practice.

The review of the literature produced 10 factors related to inbounding activities. Of the 14
factors, 6 are supported by multiple sources from the literature. The E2R2P team will create an
initial version of the survey during the Summer, 2011, semester and pilot it with students during
the Fall.

I11. Promoting Faculty Adoption through the Sounding Board

To support the implementation and adoption of the instructional strategies used in the E2R2P
Test Bed, the project team will incorporate the help of a Sounding Board. Sounding Board
members include faculty from materials science engineering, mechanical and biomechanical
engineering, electrical and computer engineering, and civil engineering. Other members include
liaisons to the Engineering College’s administration as well as other parties from the Colleges of
Business and Economics and Arts and Science. The sounding board acts as a change tool. They
will observe and guide the efforts of the E?R2P team and the courses they redesign in the test
bed. The multidisciplinary membership of the sounding board brings a diverse range of expertise
and experiences to broaden the perspectives of the course redesign efforts. They will evaluate the
effectiveness of the course redesigns. The sounding board is the mechanism for promoting
faculty adoption of research based instructional strategies. Drawing on change theory, they will
provide input on the changes that could affect them. In viewing the redesigned courses and their
instructional components and participating in workshop activities at each meeting, sounding
board members will participate in a risk-free venue where they can observe and try out research
based instructional strategies without having to commit to large-scale course redesign. In
providing guidance, offering feedback, and participating in workshop activities, sounding board
members will also voice concerns, which can be addressed within the sounding board or
escalated to college administration.

Another important purpose of the Sounding Board is to gather feedback and suggestions
regarding the use of instructional strategies in the Test Bed. The data collection for this effort
will take the form of a focus group where the research team will guide the discussion toward
each instructional strategy and record the suggestions presented by the Sounding Board. Each
meeting will focus on different instructional strategies which will allow the team to gather data
about multiple instructional strategies. In each meeting of the sounding board, the E“R2P will
administer a survey to monitor faculty adoption of research-based instructional strategies. Based
on the change theory of Rogers, the survey measures faculty perceptions of themselves as
adopters, perceived levels of adoption of research based instructional strategies and activities,
and the extent to which these strategies and activities demonstrate characteristics that encourage
adoption. A copy of the survey along with compiled data appears in Appendix B.
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IVV. Managing the Effort Using Rapid Application Development (RAD)

To create a demand (“pull”) for these strategies and redesigned courses while mitigating project
risk, the team will use a software engineering approach called RAD® *2. In particular, the team
will draw on collaborative analysis and design, prototyping, specialized tools and skills, and
ongoing prioritization based on collected data. This approach will identify what topics are of the
greatest interest to the Sounding Board and allow the research team to provide more information
regarding these topics.

V. Future Efforts

The future directions of this research effort are aimed at implementing the data collection tools
the team created as well as developing new tools to further the teams understanding of the factors
surrounding project-based learning in an engineering setting. During the beginning of next year,
the research team will start creating a survey that aims measure the students’ motivation towards
the projects required in the Test Bed course. To inform this survey the research team will
synthesize two motivation models. The first is the works of John Keller and the Attention,
Relevance, Confidence, and Satisfaction (ARCS) model. The team will also review and
synthesize the works of Richard Clark. By integrating these two motivation models the team
hopes that they will capture data regarding the students’ perceptions of the effectiveness and
usefulness of the projects in the Test Bed.
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Appendix A: Community of Practice Inbounding Survey (in-progress work)

Factor influencing
acceptance into CoP

Comments

Source

1. Engaging with

practicing professionals

Engaging with members of a community of practice is the first step to establishing
legitimacy and peripherality. By working with members of a community, the enteree is
able to begin showing their value to the community along with their willingness to learn.

Wenger, 1998 p. 100;
Wenger et al., 2002,
p.102

Who is who in the
discipline

Knowing who knows what information can help the enteree to find the information they
need and establish their presence among the community. Wenger et al., 2002 present
this as the contribution of CoP members. They indicate that his construct has two facets,
the first being the benefits of contribution, i.e. recognition, visibility and the second
being the value of learning from other experiences.

Wenger et al., 2002, p
84-86

Alignment of course
activities and
engagement with CoP

Pascual argues that active learning furthers engagement of students in a CoP when the
active learning extends beyond the classroom. By extending active learning beyond the
classroom and into professional communities of practice, it allows for positive
interactions in the context of the work, which builds legitimate peripheral learning.

Wenger, 1998, p.101;
Pascaul®®, 2010, p. 7

Struggle to define
Mech. Eng. And
reconcile their role
within it

Interacting with a community allows the enteree to see what the community the
community does on a daily basis while also allowing the community to take notice of the
enteree.

Brown & Duguid™,
2000, p.162; Lave &
Wenger™, 1991, p. 93-
96

Creating self efficacy

Being confident in ones abilities and knowledge comes across in interactions with other
people. Also, accurate confidence and self-efficacy allows and enteree to identify what it
is that they know and what it is that they need to find out. Dunlap (2005, p. 66-67) used
Schunk’s (1989) definition of self-efficacy that is “an individual’s level of confidence
and self judgment regarding ability to organize and implement actions needed to perform
effectively” Tohindini & Mosakhani (2010) operationally defined self-efficacy, citing
Bandura® (1982), as a “person’s beliefs about their ability to produce desired effects” (p.
614). Huang et al. (2005) also use Bandura’s definition of self-efficacy. Despite the
sources used to define self-efficacy, all of the definitions point in the same direction and
explain the same concept using different words. All of these studies found a significant
relationship between self-efficacy and knowledge sharing, which indicates that this
factor must be included when measuring knowledge sharing.

Dunlap®™, 2005;
Tohindini &
Mosakhani'®, 2010, p.
614; Huang et al. "/,
2005, p. 103

Common Knowledge
and Specific knowledge
integration within a
COP

In order to gain knowledge, and ultimately acceptance among a group, you must enter
the group with a basic amount of common knowledge.

Sabherwal™, 2005, p.
302-303
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Trust

Social interaction is hollow without a degree of trust from both parties involved

Fang & Chiu™®, 2010, p.
238; Huangetal.,
2005

Social identity (how
people view themselves
within the community)
(contextual stimuli
make these salient to
the individual)

Establishing oneself among a group is a step to entering into that group. A person must
find their role in a group and play that role

Shen et al.”, 2010, p.
338

Success and failure
stories

Trading war stories is a signal that one has socialized into a group. Yi (2009) used this
concept as a specific measure of knowledge sharing contribution. Yi (2009) internal
reliability using Chronbach’s alpha and determined a reliability value of .939 for CoP. It
should also be noted that the CoP subscale Yi created had factor loadings twice their
standard error and the AVE for CoP was .678 meaning that the subscale did possess
convergent validity. Discriminant validity was measured through correlations with other
factors and returned a Pearson’s correlation coefficient of .224 that was significant at the
p< 0.01 level.

Yi*, 2009, p. 80; Chei
Wei et al.??, 2009;

10.

Balance between
knowledge sharing and
knowledge seeking

This falls in line with the economic principle of supply and demand. If people are not
receiving information then the providers of the information will stop or reduce the
amount of information they provide.

Phang et al. *°, 2009, p.
720-730, p. 722-725
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Appendix B: Sounding Board Survey (in-progress work)

Thank you for attending the __date  meeting of the E2R2P Sounding Board. This workshop addressed the following topics for
improving learning and transfer to subsequent coursework and the engineering workplace.
Topic 1: Topic 2: Topic 3:

Thank you for providing your anonymous and candid responses to the items in this survey. By completing this survey, you are giving
your consent to participate in this study. Feel free to answer or leave items blank as you wish. As always, please feel free to contact
any of us with any questions or concerns.

Don Plumlee Linda Huglin Steve Villachica
DPlumlee@boisestate.edu LHuglin@boisestate.edu SteveVillachica@boisestate.edu
346-3575 346-4425 346-4664

1. Which statement best describes your typical response to new ways of teaching? (pick one)
O Innovator: I adopt new teaching practices, even when they’re so new that others consider them risky.
O Opinion Leader: I adopt new teaching practices after they’ve been proven but before many others are likely to have tried them out.
O Adopter: I adopt new teaching practices when they’ve been proven and the processes have been formalized into our way of teaching.

O Traditionalist: | adopt new teaching practices only when forced by circumstances or when there is no other choice
Comment:

Directions
Please fill in the ratings that indicate the extent to which you agree with the following statements.
Item Topic 1: Topic 2: Topic 3:
2. | saw an instructional Strongly No Strongly Strongly No Strongly Strongly No Strongly
Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
Zgﬁgi?tynt]za;scgﬁld ¢} o ¢} e} e} o} e} o} e} ¢} e} e} o} ¢} ¢}
instructor.
3. The instructional St_rongly l_\lo_ Strongly St_rongly Nq Strongly St_rongly Nq Strongly
strategy | saw could Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
: o o o o o (0] o (0] o o O e} O e} e}
benefit my students.
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4. Using the instructional Strongly No Strongly |  Strongly No Strongly |  Strongly No Strongly

strategy 1 saw would Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
e} o e} e} e} o e} O e} e} o o ¢}
be worth the effort.

5. The instructional St_rongly No Strongly St_rongly No Strongly St_rongly No Strongly
strategy | saw is better Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
than other possible © © © © © © © © © © © © ©
alternatives for
improving learning
and instruction.

6. The instructional St.rongly l_\lo_ Strongly St_rongly Nq Strongly St_rongly NO_ Strongly
strategy | saw is Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree

. o O e} e} e} O e} O e} o (0] (0] o
simple enough to try
on my own.

7. The instructional St.rongly l_\lo_ Strongly St_rongly Nq Strongly St_rongly Nq Strongly

strategy | saw is Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
. . o (@) ¢} e} e} o ¢} o e} o (0] (0] o

compatible with other

instruction | provide

my students.

8. The instructional Strongly No Strongly Strongly No Strongly Strongly No Strongly
i Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree

strategy | saw is

compatible with my © © © © © © © © © © © © ©

department culture.

9. The instructional Strongly No Strongly Strongly No Strongly Strongly No Strongly

i Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
strategy | saw is o o o o o © o o o o o o o
compatible with
COEN culture.

10. | can adapt the Strongly No Strongly Strongly No Strongly Strongly No Strongly
i i Disagree Opinion Agree Disagree Opinion Agree Disagree Opinion Agree
instructional strategy | 5 o o o a 5 o o o a 5 o a

saw to work with the
instruction | provide.

11. Is there anything else you’d like to tell us? (Feel free to use another page if you want.)
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