
 

 

CPACE II: Implementing Constituency-driven Curricular Change that 
Integrates Computational Thinking Across Engineering Disciplines 

Michigan State University (MSU), Lansing Community College (LCC), and the Corporation for 
Skilled Workforce (CSW) are extending the collaboration from an initial CPATH CB project to prepare a 
globally competitive engineering workforce that is able to apply Computational Thinking (CT) to a broad 
range of societal challenges and opportunities. Computational Thinking “represents a universally 
applicable attitude and skill set” fundamental for everyone (Wing, 2006).  Broadly defined in the context of 
the engineering practice, computational thinking involves solving problems and designing systems by  
making use of  fundamental computer science concepts.  

Our goal is to redesign the role of computing within the engineering programs at MSU and 
LCC to develop CT competencies – informed by industry needs – by infusing CT learning opportunities 
into the undergraduate engineering curriculum.  

 
Intellectual Merit 

The project will produce the following outcomes:  

• Develop and implement instructional modules in Chemical Engineering and Civil Engineering at MSU 
and the pre-engineering courses at LCC. Each module will be developed by a collaborative team of 
disciplinary and Computer Science (CS) faculty; the CS faculty will focus on understanding the CT 
principles at play in the problem solution as explained by the disciplinary faculty. Together the team 
will form the educational experience to further the development of CT thinking in the students. 

• Identify and implement authentic problems for curricular revision in two engineering disciplinary 
curricula at MSU and the engineering transfer curricula at LCC. These problems are “disciplinary 
epitomes” (Reigeluth & Stein, 1983) in that they will 1) exemplify important problems within the 
discipline (e.g., civil or chemical engineering); and 2) their solutions involve application of CT 
principles. 

• Identify the computational principles for each disciplinary epitome and use these principles to help 
design the instructional modules.  

• Develop appropriate materials to support the disciplinary faculty who will be teaching the modules.  

• Design and implement quasi-experimental evaluation and assessment components to document CT 
competencies in the engineering students. 

• Improve information and knowledge exchange via the CPACE Engineering Talent Development 
Network and dissemination and communication efforts. 

 
Broader Impact 

At the successful completion of the proposed project, we will illuminate the processes we have 
developed in our two CPATH projects. In our first CPATH project, we developed a model for collaboration 
with industrial stakeholders in engineering firms to determine their needs for computational problem 
solving. In our second CPATH project we will complete the loop by enhancing the stakeholder 
collaboration model and integrating CT into existing academic programs using an evolutionary change 
methodology. The process of industrial stakeholder feedback and analysis of that feedback (our first 
project) and the process of programmatic change to meet stakeholder needs (our second project - 
proposed here) will be applicable in other similar institutions. More broadly, our methodology may be 
applicable for other educational areas in addition to CT. 
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CPACE II: Implementing Constituency-driven Curricular Change that 
Integrates Computational Thinking Across Engineering Disciplines 

1 Vision 
Michigan State University (MSU), Lansing Community College (LCC), and the Corporation for a 

Skilled Workforce (CSW) are collaborating to prepare a globally competitive engineering workforce able 
to apply Computational Thinking (CT) to a broad range of societal challenges and opportunities. Our core 
mission in this project is to implement our findings from A Collaborative Process to Align Computing 
Education with Engineering Workforce Needs (CPACE), our previous CPATH-funded project (NSF CCF 
0722221). Our vision is to accomplish programmatic change beginning in two academic majors in the 
College of Engineering, Michigan State University: Chemical Engineering and Civil Engineering and in 
pre-engineering transfer courses at Lansing Community College. We will leverage inputs from industrial 
collaborators gained in our first CPATH project to vertically integrate authentic problems that exemplify 
computational problem solving within the disciplines into selected courses in our programs. Evaluation of 
our results will provide an evidence base for the efficacy of this model for infusing Computational Thinking 
across all engineering disciplines.   

In CPACE, we developed a model for collaboration with industrial stakeholders in engineering 
firms to determine their needs for computational problem solving. In CPACE II we will complete the loop 
by integrating CT into existing academic programs using an evolutionary change methodology (Briedis, 
Miller, Ofoli, Sticklen, & Urban-Lurain, 2006; Briedis, Urban-Lurain, Ofoli, Miller, & Sticklen, 2007; Hinds, 
Urban-Lurain, Sticklen, Amey, & Eskil, 2005; Sticklen, Briedis, Urban-Lurain, & Hinds, 2007; Urban-
Lurain, Amey, Sticklen, Hinds, & Eskil, 2004). The process of industrial stakeholder feedback and 
analysis of that feedback (our first project) and the process of programmatic change to meet stakeholder 
needs (our second project - proposed here) will be replicable at other institutions. 

2 Relevant Results from Prior NSF Support 
The proposed work is part of a coordinated set of efforts in the MSU College of Engineering 

aimed at improving the number and quality of engineering graduates in the state of Michigan. Current 
college activities include an NSF Louis Stokes Alliance for Minority Participation (LSAMP) program, an 
outstanding proposal for a Department of Education Graduate Assistance in Areas of National Need 
(GAANN), a newly rejuvenated year-long freshman cornerstone engineering experience, a  newly created 
Residential Experience program for freshman and sophomore engineering students (a living/learning 
community) undergraduates that will roll out in Fall 2009, the establishment of a College level thrust in 
undergraduate engineering education with the PI of this project as the Coordinator of the effort, and a 
strong and growing cadre of college faculty who are committed to evidence-based improvement of 
undergraduate engineering programs. Two NSF-funded projects are directly related to this proposal. 

2.1 NSF 0757020 EEES: Engaging Early Engineering Students to Expand Numbers of Degree 
Recipients Tom Wolff (PI), Daina Briedis (co-PI), Neeraj Buch (co-PI), Jon Sticklen (co-PI), 
Mark Urban-Lurain (co-PI), Renee Mickelson (LCC PI), Louise Paquett (LCC co-PI)  
$2,499,293  7/1/2008-6/30/2013  

EEES is aimed at increasing retention in the undergraduate engineering programs at Michigan 
State University from its current value of 65% to 75% through four interventions: (a) supplemental 
instruction targeted at key early engineering courses; (b) a program linking engineering faculty to first-
year engineering students; (c) a program to cross fertilize targeted first-year engineering classes with 
content material in other lower division engineering classes; and (d) a program to provide early and 
ongoing content diagnostics coupled with online bootstrapping and live help for students. The intellectual 
thrust of this program is not four isolated activities, but rather the synergy of their combined effect. 
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2.2 NSF-722221 Computing and Undergraduate Engineering: A Collaborative Process to Align 
Computing Education with Engineering Workforce Needs (CPACE). Thomas Wolff (PI), 
Daina Briedis (co-PI), Neeraj Buch, (co-PI), Jon Sticklen (co-PI), Mark Urban-Lurain (co-PI), 
Louise Paquette, (LCC PI), Jeannine LaPrad (CSW PI)  $ 474,859 9/1/2007-8/31/2009 

CPACE is a community building CPATH partnership of Michigan State University (MSU), Lansing 
Community College (LCC), and the Corporation for a Skilled Workforce (CSW). The goal of CPACE was 
to develop a process to transform undergraduate computing education within the engineering and 
technology fields by building a dialog between industry and academia to reexamine and revise the 
engineering curricula as they relate to computational tools and problem-solving that is driven by industry 
needs. 

2.2.1 Implementation Strategy 
CPACE’s implementation plan is a dynamic model that allows all stakeholders to see the 

interrelationships among components (Figure 1). The process has five stages: 
1.  Interview and survey 

stakeholders to identify specific 
workforce needs in computational 
skills. 

2.  Abstract computational 
problem-solving principles from 
those skills. 

3. Map the problem-solving 
requirements onto foundational 
computer science concepts. 

4. Identify opportunities for 
curricular integration that fit 
between the computer science 
concepts and disciplinary 
engineering curricula. 

5.  Implement 
computational problem-solving 
within the disciplinary curricula.  

CPACE addressed the first 
five stages of the model.  Based on 
the results of CPACE, we are 
proposing to implement curricular 
revisions in CPACE II. 

2.2.2 Results from CPACE I 
We collected data from a representative sample of engineering employers and the engineering 

workforce in the mid-Michigan area. Details of the process and findings are presented in publications 
resulting directly from CPACE I (Vergara et al., 2008; Vergara et al., 2009a; Vergara et al., 2009b) and in 
the CPACE Aligning Computing Education with Engineering Workforce Needs Business and Industry 
Report (included in the supplemental documents).  The following sections summarize the process and 
results.  

2.2.2.1 Employer Interviews and Employee Surveys 
We conducted 28 hour-long interviews with the engineering directors and human resources 

executives representing a cross-section of engineering disciplines and different industry sectors.  We also 
collected electronic surveys of 181 engineers and engineering technicians from participating companies 
as well as leaders and members of the professional engineering societies.  We investigated stakeholders’ 

I 

I
II I

V 
I

I 

 
Figure 0 Transformation Model. Stakeholders are highlighted in 
red. The focus of CPACE I has been on the four un-shaded 
nodes. The shaded node indicates the curricular implementation 
process that is the focus of this proposal. 
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engineering use of computer technology and the computational skills. Our findings show a general 
agreement between employers and employees with respect to the engineering computational needs. 
Central themes emerged that are consistent with other research on engineering education (Lattuca, 
Terenzini, & Volkwein, 2006; Sheppard, Macatangay, Colby, & Sullivan, 2008) and can be summarized 
as follows: (a) high value on interpersonal skills such as communication, ability to organize and present 
data, and the ability to function in a team; (b) critical and innovative thinking and problem solving are 
important attributes; and (c) trends towards computational globalization which translates to the need for 
engineers to understand business practices and the importance of integrating engineering data across 
larger systems. The ability of engineers to understand both engineering principles and computational 
principles that allow them to select and use computational tools to solve engineering problems by moving 
between physical systems and abstractions in software is crucial to the engineering practice. In terms of 
specific software, Excel, CAD software, modeling software, and data and project management software 
were identified as very important to engineering practice. 

2.2.3 Results from Industry in a Computational 
Thinking Framework 
 To augment engineering curricula in a principled 

manner, a framework is needed that organizes the topics from 
our industry interviews and surveys into a representation that 
can be used as a blueprint for curricular change by both 
computer science and engineering faculty.  Computer 
scientists must understand the educational role of high level 
concepts of CT while engineering faculty will need to 
understand the practical application of CT to specific topics 
from our industrial collaborators in the target curricula. 

Wing’s (2006) discussion of CT can be summarized in 
terms of eight exemplar categories shown in Figure 2. Our 
task is not defined around using all the exemplar CT activities 
in Wing’s list, but rather around using only those that are 
driven by industrial feedback and are relevant in an 
engineering context. 

Following the exemplars for CT from Figure 2, Figure 
3 shows our CT-anchored structure for the major topics 
recommended by our industrial colleagues. The starting node 
for the representation is two of Wing’s topics: complements 
and combines mathematical and engineering thinking (8 in 
Figure 2), and builds on power and limitations of computing 
processes (1 in Figure 2). Making this our starting point 
emphasizes that in this project we address CT in the context 
of engineering disciplines. Moreover, by examination of the 
rest of the tree of Figure 3, the combination of Wing’s topics 8 
and 1 can be seen as a super-category setting the “big 
picture” context for the remaining categories and serving as 
guideposts for curricular implementation. 

Green nodes in Figure 3 correspond to one of Wing’s 
exemplar CT activities from Figure 2 (numbers in parentheses 
refer to the topic numbers in Figure 2). All orange nodes in 
Figure 3 are topics identified from our industrial interviews 
and surveys. The first level under the root node contains three 
intermediate nodes: analysis of existing or simulated systems, 
design of a new systems/redesign of an existing system, and 
enabling use of computing tools. Engineering thinking is 

typically organized at the top level around analysis and design activities. In 21st century engineering, both 

 
 

Figure 2: Exemplar types of thinking 
epitomizing “computational thinking” 
(following Wing). Green elements are 
resonant with our industrial feedback. 
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analysis and design activities are computation intensive. Therefore, an equally important first-level node 
is the enabling use of computer tools node (3) that modern engineers use to accomplish their tasks. The 
specific industry needs (leaf level nodes) under “enabling” are all narrow-purpose, project management 
and collaboration tools. Their inclusion in engineering curricula should not be overlooked.  

The orange nodes in Figure 3 are the topics for possible module development at the curricular 
level. The green nodes are the CT-organizing topics that will inform our computer science researchers of 
the higher level computing concepts that should be part of the background when working with engineering 
faculty to implement one of the orange topic class modules. 

Three additional points of clarification about the CT topic tree are shown in Figure 3. First, there is 
one “green node” at the leaf level: using heuristic reasoning. There was no topic proposed by our 
industrial colleagues that we could characterize as heuristic reasoning. This underscores the point that 
Figure 3 is a faithful accounting of the feedback from our industrial collaborators. Yet, we are certain that 
engineering is replete with heuristic reasoning/empirically based reasoning, and will consider its 

 

 
 

Figure 3: Anchoring CT Framework for Industry Topics 
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application in module development as the project develops. 
Second, problem solving is replicated under both design and analysis so problem solving could 

have been a top level node; almost every engineering activity can be viewed as problem solving of one 
kind or another. However, in the context of engineering, we do not consider use of the enabling tools to 
be examples of problem solving. That problem solving appears as a node under both analysis and design 
simply is recognition that problem solving is core to the practice of engineering. 

Third, a number of the topics identified by our industrial collaborators appear under multiple CT 
organizing concepts. This is to be expected given that the industrial topics are practical and associated 
with the complex task of getting a “job done” in industry. 

3 CPACE II: Goals, Objectives, Outcomes 
CPACE II is going to finish the job we started in our first CPATH Project: to better align the 

computational capabilities of our students graduating from our undergraduate engineering programs with 
the needs of our industrial stakeholders. In CPACE (our CB CPATH project to be completed in August, 
2009) we developed and nurtured ties with relevant Midwestern industries, leveraged those ties to inform 
the computational topics list of importance to industry, and analyzed the raw results of our interviews and 
surveys targeting industry to develop an understanding of industry needs both at the practical tool level 
and at the computational thinking level.  

3.1 Goals 
Our goal is to infuse computational thinking throughout the engineering curricula by integrating 

authentic problems of disciplinary engineering practice that require the use of CT as exhibited in the use 
of computational tools.  To do this we draw upon the extensive literature on how people learn (Bransford, 
2000), particularly in engineering (Chandler & Sweller, 1991; Denzine, 2007; Smith, 1999).  The learning 
sciences have influenced repeated calls for improving engineering education that focus on providing 
students with the opportunities to integrate their knowledge across disciplines through authentic problem 
solving (American Society for Engineering Education, 1994; Bernold, Spurlin, & Anson, 2007; Denning, 
1992; Froyd & Ohland, 2005; National Research Council, 2002; Seymour & Hewitt, 1997; Sheppard et al., 
2008).  

We also draw on the substantial empirical evidence that suggests that curricular innovations 
rarely fail because of lack of empirical results (Fisher, Fairweather, & Amey, 2003). Rather, adoption of 
course and curricular innovations requires (a) a translation of the research into an efficient way for faculty 
members to use the reforms in their courses (i.e., without substantially increasing the time they spend on 
teaching), (b) effective linking of reformed courses with other courses in the relevant curricula, (c) support 
from key administrators for the reforms (e.g., giving some release time for course development and 
assigning faculty members committed to the reforms to teach these courses), and (d) a commitment by 
college deans (and higher levels of administration) to ensure that these instructional reforms matter in 
subsequent personnel decisions (Fairweather, 2002). 

3.2 Objectives 
To examine the engineering curricula and implement reformed curricula that integrate 

computational thinking that is aligned with industry needs across engineering departmental courses 
CPACE II will 
• Implement new models for undergraduate computing education with focus on CT in the engineering 

disciplines that are replicable across programs and institutions and that could be adopted at other 
institutions nationwide. 

• Infuse computational thinking throughout the disciplinary engineering curricula by integrating 
authentic problems of disciplinary engineering practice that require the use of CT as exhibited in the 
use of computational tools.   

• Evaluate the efficacy of this approach to curricular CT-focused reform. 



 6 

• Create and implement a network (CPACE Engineering Talent Development Network) among 
academic institutions, employers, industry professional societies/associations, workforce and 
economic development professionals that have a stake in improving the economic, environmental 
and social well-being of their communities and can offer appropriate guidance and context for 
proposed curricular reform. 

• Develop a change management and organizational development strategy to promote organizational 
change among the participating academic institutions to ensure sustainability of curricular change. 

• Achieve greater awareness and interest from both internal – MSU and LCC faculty and students  
(especially minorities and women) - and external stakeholders – industry groups, other education 
institutions, and engineering professional societies - through increased collaborative dissemination 
and communication efforts 

3.3 Outcomes 
CPACE II will:  

• Develop and implement instructional modules in Chemical Engineering and Civil Engineering at MSU 
and the pre-engineering courses at LCC. Each module will be developed by a collaborative team of 
disciplinary and Computer Science (CS) faculty; the CS faculty will focus on understanding the CT 
principles at play in the problem solution as explained by the disciplinary faculty. Together the team 
will form the educational experience to further the development of CT thinking in the students. 

• Identify and implement authentic problems for curricular revision in two engineering disciplinary 
curricula at MSU and the engineering transfer curricula at LCC. These problems are “disciplinary 
epitomes” (Reigeluth & Stein, 1983) in that they will 1) exemplify important problems within the 
discipline (e.g., civil or chemical engineering); and 2) their solutions involve application of CT 
principles. 

• Identify the computational principles for each disciplinary epitome and use these principles to help 
design the instructional modules.  

• Develop appropriate materials to support the disciplinary faculty who will be teaching the modules.  

• Design and implement quasi-experimental evaluation and assessment components to document CT 
competencies in the engineering students. 

• Improve information and knowledge exchange via the CPACE Engineering Talent Development 
Network and dissemination and communication efforts. 

4 Implementation Plan 
Computation for engineering cannot simply be addressed with one or two courses in computing 

or a few examples scattered in the curriculum, but must be integrated as part of an engineer’s training to 
become a “Holistic Engineer” (Heldrich Center, Harvard University’s Labor and Worklife Program, & 
National Bureau of Economic Research, 2008).  To accomplish this, we will map the concepts across all 
four years of the engineering curricula (Ohmann, Green, & Johnston, 2008) and use authentic 
engineering problems derived from contemporary industrial problems to provide a context for the use of 
various computing concepts for their solution.  

4.1 Develop Instructional Modules 
The computing experience in any undergraduate program should be coordinated and have 

continuity in the engineering context throughout the entire four-year undergraduate experience.  From the 
perspective of student learning, illustration and understanding of computing principles should be 
seamless with their application to engineering problem solving and design, that is, students should not 
see these as compartmentalized topics. In addition, the curricular integration should balance big-picture 
constituency-driven strategies and faculty control over “their” courses. A loosening of control has already 
become accepted in engineering because of ABET Engineering Criteria and the need for programs to 
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demonstrate required program (student) outcomes.  In the chemical engineering program at MSU, faculty 
have already begun vertically integrating the use of MATLAB as a computing tool in several key 
disciplinary courses. 

Courses proposed for initial implementation of curricular infusion of computational thinking in 
chemical engineering and in civil engineering at MSU and transfer courses at LCC are listed in Table 1 
along with a timetable for implementation. Each course has three phases as shown in the table. During 
instructional material development, faculty from the course discipline and from computer science will 
develop modules that are based on industry problems and reflect both the disciplinary knowledge and 
require computation thinking for their solution.  Once the materials are developed, they will be 
implemented in the courses. Feedback from students, TAs and faculty will be used to revise the materials 
as needed in moving towards steady-state instruction in subsequent semesters.    

 
Table 1: Instructional Material Development and Resources  

Semester Instructional material 
development 

Instructional implementation Steady-state instruction 

Engineering Modeling   Fall 09 
LCC Numerical Methods & 
MATLAB 

  

CE Statics Engineering Modeling  Spring 10 
LCC Calc I LCC Numerical Methods & 

MATLAB 
 

Sum 10 ChE Mat & Energy Bal   
CE Str Anal & Design CE Statics Engineering Modeling Fall 10 
LCC Calc II LCC Calc I LCC Numerical Methods & 

MATLAB 
ChE Prof. Seminar ChE Mat & Energy Bal CE Statics 
LCC Calc III CE Str Anal & Design LCC Calc I 

Spring 11 
 

 LCC Calc II  
Sum 11 CE Intro Fluid Mech   

ChE Thermo ChE Prof. Seminar ChE Mat & Energy Bal  
LCC Diff Equations CE Intro Fluid Mech CE Str Anal & Design 

Fall 11 

 LCC Calc III LCC Calc II 
ChE Design I ChE Thermo  Spring 12 
 LCC Diff Equations LCC Calc III 

Sum 12    
 ChE Design I ChE Prof. Seminar 
  CE Intro Fluid Mech 

Fall 12 

  LCC Diff Equations 
As an example of an authentic, contemporary problem in Chemical Engineering, a fermentation 

system for pharmaceutical applications could be developed through the curriculum. The fundamental 
Material & Energy Balance course would introduce global concepts of material and energy balances for 
the system using idealized assumptions about physical, biological, and chemical properties of bio-based 
systems. Spreadsheets would introduce user models, and simplified ASPEN solutions would provide an 
understanding of how a complex problem could be simplified and then reconstructed. Basic economic 
considerations and constraints in costing fermentation process equipment would also be evaluated. This 
would introduce problem solving, problem reformulation, abstraction, decomposition as well as new 
computing tools. In the thermodynamics course, emphasis would turn to phase-equilibria properties of the 
processing and separation methods used in fermentation systems.  Non-ideality would be emphasized 
and studied using programming in MATLAB, thus developing an understanding of limitations of modeling 
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and computing.  Separations of complex materials would be addressed in a following junior-level course 
in which the recovery process would be broken into key elements, e.g., absorption, distillation, and ion-
exchange, and also involve selection of appropriate software (e.g., ASPEN) and benchmarking problem 
solutions (checking correctness based on previous knowledge).  The capstone design course would 
integrate all components of the process at their highest levels of complexity and would also invoke 
realistic constraints in economics, environment, safety, sustainability, and control. Checking and 
substantiation of computer solutions would be done using “back of the envelope” estimation with 
spreadsheets, properties modeling with MATLAB, and final process design using ASPEN. The 
professional seminar course would support learning of the enabling tools such as project management 
and communication applications. In this approach, the fundamental disciplinary concepts are not 
compromised, and computational principles are developed smoothly as part of problem solving and 
design. The approach also reflects recommendations made by the CACHE (Computer Aids for Chemical 
Engineering) Corporation in its white paper on computing in chemical engineering curricula (Edgar, 2006). 

4.2 Develop an Engineering Workforce Strategy 
As technology transforms engineering skill requirements, new approaches to teaching, employee 

recruitment, and competency models are needed for 21st century engineers. The Carnegie Foundation 
suggested that “professional (engineering) schools … should aim for an increasingly integrated approach 
to the formation of students’ analytical reasoning, practical skills, and professional judgment. Although 
some engineering schools have introduced programs… none offers a comprehensively networked 
approach” (Sheppard et al., 2008, p. 4).   Echoed in our own research, we are proposing an engineering 
workforce strategy that begins to integrate knowledge and practice in a way that more fully prepares 
students to enter the workforce. CSW will lead in launching this strategy with these core components: 
creating an engineering talent development network and developing a computationally-based core 
competency model.  

To effect greater transformational change, a more robust strategy and additional funding is 
needed. This strategy includes two additional components: the establishment of a co-created employer-
educator internship model that explicitly integrates computationally-based engineering practices for the 
student; and the mapping of innovative academic educational programs to collaborate with and 
benchmark. Once disseminated, this mapping will also help employers understand the array of 
complementary knowledge and practice-based educational programs that meet their holistic engineering 
workforce needs and help students to consider (or re-consider) engineering as a profession. 

4.2.1 Create the CPACE Engineering Talent Development network 
The CPACE Engineering Talent Development Network (see the CPACE Aligning Computing 

Education with Engineering Workforce Needs Business and Industry Report included in the supplemental 
documents) will be a collection of key stakeholders (employers, educators, and workforce/economic 
development professionals) that influence the economic and social prosperity of the local Michigan 
regions in which they reside through the jobs and educational opportunities they provide for the existing 
and future workforce. The network can serve as a mechanism to bolster ongoing employer engagement; 
strengthen relationships within the MSU College of Engineering, LCC, and among other educational 
institutions; expand project-based learning opportunities; integrate computational engineering skill 
priorities into existing curricula and establishment of new curricula enhance information exchange and 
communication; and facilitate meaningful stakeholder connections. Members of the network initially 
identified through the network advisory group will be convened periodically (two times per year) through 
virtual and/or in-person meetings to exchange ideas on how to collaboratively develop innovative 
problem-based solutions and leverage resources to address the computationally-based engineering 
workforce needs. 

The network will have five key tasks: 
1. Help develop and implement a process to promote and sustain dialogue.  
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2. Maintain a vital Advisory Board. We want to continue to receive support from our advisory board by 
expanding, revitalizing, and leveraging their networks and relationships. The network also serves as a 
mechanism to build Advisory Board membership.  See letters of support in supplemental documents. 

3. Provide authentic engineering-based learning experiences through internship opportunities and by 
sharing with faculty real engineering problems that require the use of various computing concepts for 
their solution. 

4. Contribute to and encourage knowledge transfer and information exchange such as engineering 
workforce competency needs, labor market information, and computation-based academic research 
between employers and educators 

5. Inform and support talent strategies that will further promote educators, employers and 
workforce/economic development professionals in thinking and acting differently relative to 
engineering talent development 

4.2.2 Develop a computationally-based core competency model  
Built from the computationally-related knowledge and skill needs described in our industry report 

(see supplemental documents), CSW in collaboration with the project team will create a core competency 
model that outlines the competencies of new engineers that integrates computational knowledge, 
technical skills, and professional practice. Alignment will be tested by mapping the core competency 
model against the computational principles and targeted curricular change described earlier. The core 
competency model will be shared with student groups to increase their awareness of the importance of 
having these holistic computationally-based skills and the network to generate shared understanding 
regarding these competencies to inform refinement to computational competency models and job profiles 
used by network members within their own organizations 

4.3 Creation of a Dissemination and Communications Approach 
Outreach to a broad community of internal and external stakeholder groups is crucial for the 

successful implementation of the computationally-based curricular change described earlier. We envision 
this outreach occurring in the following three ways: 

1. Dissemination through collaboration efforts, activities, and networks. CSW in 
collaboration with the project team will: explicitly identify and leverage existing relationships and networks 
to ensure swift and effective sharing of the project outcomes; disseminate information through 
presentations during regularly planned academic and business forums, association/professional society 
meetings, and professional development workshops and conferences (e.g., Calvin College’s 
Computational Thinking workshop); and through dialogue and presentations that will take place within the 
CPACE Engineering Talent Development Network. 

2. Broadening the awareness of minority groups and women.  To encourage women and 
minorities to seek careers in the field of science and engineering, outreach and engagement will occur at 
three levels: college, high school, and business.  CSW will connect with minorities and women by 
collaborating with and leveraging existing activities of MSU offices and regional professional 
organizations like MSU’s Women in Engineering Program (WIE), National Society of Black Engineers 
(NSBE), Society of Hispanic Professional Engineers (SHPE), MSU’s Spartan Future Engineers Preview 
Day, Michigan Minority Business Development Corporation (MMBDC) and other similar groups and 
organizations. This will also aid in building awareness by connecting us to potential champions and 
network members. 

3. Leveraging Web 2.0 Technology and Publications. CSW in collaboration with the project 
team will also explore ways to strengthen communications by leveraging the current CPACE wiki and 
identify appropriate Web 2.0 open source (or minimal cost) technology options that could incorporate 
online collaboration social networking opportunities (e.g., blogs, chat spaces, web-based meetings). 
Examples of other forms of dissemination include article submissions to publications such as the Journal 
of Engineering Education (JEE) and other highly regarded science and engineering journals, as well as 
presentations at academic and industry seminars and workshops. 



 10 

4.4 Sustainability/ Change Management Workshop 
Recent experience in the Center for the Integration of Research, Teaching and Learning also 

shows the importance of getting potential adopters involved as early in the dissemination and adoption 
process as possible (Austin, Connolly, & Colbeck, 2008). Viewing potential faculty adopters of curricular 
reforms as passive recipients rather than as active participants in the implementation of the reform in their 
own courses inevitably leads to failure. Seeking their active engagement especially in recasting the 
reform to fit their own courses and instructional loads is a more effective way to promote adoption of the 
innovation. 

The literature on faculty professional development, particularly as it relates to improving teaching, 
suggests that a focus on the academic program or department is more successful than one focused 
solely on individual faculty members (e.g.,Gappa, Austin, & Trice, 2008). This approach increases the 
likelihood that the reform is disseminated and institutionalized within the academic unit. We plan on taking 
a similar approach to the selection of workshop participants in our proposed project. 

The workshop will be offered as one of the initial project activities to encourage the transformation 
of current disciplinary classes to address the computing skills needs identified in Phase I of CPACE. To 
be effective the first step in this workshop is to work with department chairs to identify relevant 
engineering faculty members (i.e., those teaching identified courses or those making substantial use of 
computing techniques in their courses). We will pair these department chairs with the selected faculty 
members in part to encourage their support during the adoption and institutionalization processes. The 
workshop will focus on these teams of faculty members (engineering and computing) and administrators 
rather than on individual faculty members alone. We also anticipate including key members from the 
,college administrative staff whose overall support is critical to institutionalize of reforms.  

The instructional reform part of the workshop will focus on helping participants translate the 
research results about industry needs into a feasible approach in their classrooms. The goal is to work 
with participants to reform the relevant courses and curricula without adding an undue burden, which 
effectively would limit the success of the process. A related part of the workshop is to work with 
department chairs on such topics as assigning faculty members to teach the modified courses, providing 
sufficient support during the initial stages of the reform, and how to ensure credit for faculty members 
reforming their courses in the faculty personnel review process. Lastly we envision an evaluation of the 
workshop to uncover its effectiveness in promoting adoption and ultimately institutionalization of reforms. 

4.5 External Project Evaluation  
External project evaluation will be conducted by the Science and Mathematics Program 

Improvement (SAMPI) at Western Michigan University (WMU).  See section 5.5. 
With both formative and summative components, the purposes of the evaluation will be to 1) 

determine the impact of the program on participating faculty, students, and other key stakeholders; 2) 
provide evaluative information for staff to improve programming; and 3) develop computational thinking 
assessments for the project and applicable in other disciplines and institutions. 

The evaluation will be guided by project objectives and intended outcomes, with the following 
evaluation questions serving as an overall framework for the external evaluation: 

1.  What have been the effects of the project on participating students and faculty?   
2.  In what ways has computational thinking been integrated into engineering curricula?  What are 

the nature and effectiveness of the models and associated materials in supporting curriculum changes? 
3.  What has been the nature and effectiveness of the CPACE Engineering Talent Development 

Network?  How has it facilitated exchange of information and knowledge among participants? 
4.  What have been the strengths and limitations of the project? 
Quantitative and qualitative data will be collected through faculty, student, and other stakeholder 

surveys; systematic observation of selected project and classroom activities; scoring rubric (to be 
developed as part of the project) for capstone or other courses; faculty, student (sample), staff, and other 
stakeholder interviews; and reviews/assessments of products results from the project.  Evaluators will 
also participate in selected management team meetings and other program development sessions.  The 
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evaluation plan charts below describe measures/indicators, data collection procedures, and 
responsibilities and timelines to address evaluation questions.  Surveys, interview protocols, observation 
protocols, and a scoring rubric based on characteristics of computational thinking will be developed 
collaboratively with staff as detailed program planning is completed.  Standard quantitative analysis 
methods will be used for survey, systematic observation, and scoring rubric data; appropriate qualitative 
methods will be used for interview and, general observation, and assessment of materials.  A quasi-
experimental design will be used to assess the impact of the program on participating students.  Using a 
“computational thinking” scoring rubric, student success in capstone courses will be assessed each year 
over the course of the project.  Capstone rubric scores in the first year of the project (before changes are 
made in coursework) will be used as a baseline; comparisons will be made in subsequent years as 
elements of the project are integrated into courses, allowing evaluators to assess changes in impact of 
the program over time. 

Staff will be expected to provide access to participants and stakeholders as needed, maintain 
participation records, document all project activities, and assist with data collection activities (as per 
evaluation plan below).  External evaluators will prepare data collection instruments and procedures, 
gather data (as per evaluation plan below), compile and analyze data, and prepare reports.  Annual 
reports will be prepared, along with reports based on specific data collection efforts. Evaluators will 
coordinate with the CPATH program evaluators on evaluation efforts on the CPATH program and will 
attend annual NSF project conferences. 

 
Table 2: Evaluation Framework and Timeline 

Evaluation 
Questions 

Measures of 
Accomplishment 

Data Collection 
Procedures 

Responsi- 
bility 

Timeline 

1.  What have been 
the effects of the 
project on 
participating 
students and 
faculty?   

- Student CT 
knowledge/ skills 
improved 

- Faculty integrating 
CT into courses as 
intended 

- Quasi-
experimental 
study of effects 
on students at 
end of capstone 
course; develop 
CT scoring rubric 

- Survey of 
students 

- Interviews of 
sample of 
students 

- Interviews of 
faculty 

- Observe selected 
course sessions 

- Quasi-exp 
study:  Eval, 
staff 

- Surveys, 
interviews, 
observations:  
Evaluators 

- Study annually 
with first year 
as baseline 

- Annual 
surveys, 
interviews, 
observations 

2.  In what ways 
has computational 
thinking been 
integrated into 
engineering 
curricula?  What 
are the nature and 
effectiveness of 
the models and 
associated 
materials in 
supporting 
curriculum 
changes? 

- CT integrated as 
intended 

- Models identified and 
tested in selected 
courses 

- Materials developed 
and tested in 
selected courses 

- Models/materials 
support curriculum 
changes 

- Interviews of staff, 
faculty, other key 
stakeholders 

- Review models, 
materials 

- Observe selected 
course sessions 

- Interviews:  
Evaluators 

- Reviews:  
Evaluators 

- Observe:  
Evaluators 

- Annual 
interviews 

- Reviews as 
material 
available 

- Observe as 
sessions 
scheduled 
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Evaluation 
Questions 

Measures of 
Accomplishment 

Data Collection 
Procedures 

Responsi- 
bility 

Timeline 

3.  What has been 
the nature and 
effectiveness of 
the CPACE 
Engineering 
Talent 
Development 
Network?  How 
has it facilitated 
exchange of 
information and 
knowledge among 
participants? 

- Talent Development 
Network established 
and functioning as 
intended 

- Information/ 
knowledge exchange 
effective 

- Participants find 
value in the Network 

- Survey of 
Network 
members 

- Interview sample 
of members 

- Interview staff 

- Survey, 
interviews:  
Evaluators 

- Annual surveys 
and interviews 

4.  What have been 
the strengths and 
limitations of the 
project? 

- Identified successes/ 
strengths and 
weaknesses 

- Lessons learned 
about curriculum 
change 

- Lessons learned 
about integration of 
CT 

- Debriefing inter-
views w/staff, 
faculty 

- Review all project 
activities, 
materials, and 
evaluation data 

- Evaluator 
participation on 
Mgmt team 

- Review and 
interviews:  
evaluators 

- Review as 
information/ 
materials 
available 

- Annual 
interviews 

5 Expertise and Capacity of the Proposing Team 
We have the same team that completed the CPACE project and have added three more 

members with additional expertise. The team has the breadth and depth of expertise necessary to design 
and implement innovative approaches to curricular reform. We have worked on a variety of cross-
departmental efforts to integrate computational tools across the engineering disciplines and have a track 
record of productive collaboration (Briedis et al., 2009; Briedis et al., 2006; Briedis et al., 2007; Hinds, 
Sticklen, Urban-Lurain, Amey, & Eskil, 2005; Hinds, Urban-Lurain et al., 2005; Sticklen, Amey, Eskil, 
Hinds, & Urban-Lurain, 2004; Sticklen et al., 2007; Sticklen & Urban-Lurain, 2006; Sticklen, Urban-Lurain, 
& Briedis, 2008; Sticklen, Urban-Lurain, Hinds, Eskil, & Amey, 2005; Sticklen et al., 2009; Urban-Lurain et 
al., 2004; Urban-Lurain et al., 2009; Urban-Lurain & Sticklen, 2008; Urban-Lurain, Sticklen, & Buch, 2006; 
Vergara et al., 2008; Vergara et al., 2009a; Vergara et al., 2009b). 

5.1 Michigan State University (MSU) 
As the only land-grant institution in the state, Michigan State University is committed to providing 

equal educational opportunity, extending knowledge to all people in the state, melding professional and 
technical instruction with quality liberal education, expanding knowledge as an end in itself as well as on 
behalf of society, emphasizing the applications of information and contributing to the understanding and 
the solution of significant societal problems.  MSU is represented in the project by the following team 
members. 

Jon Sticklen (PI), is Engineering College Coordinator for Engineering Education Research, is 
Director of the Applied Engineering Sciences academic program at MSU, and is a faculty member in the 
Department of Computer Science and Engineering. His major research focus is on early engineering 
education, particularly as related to the new MSU first year engineering experience and the new MSU 
Engineering Residence program. Dr. Sticklen serves as a program evaluator (PEV) for CAC/ABET. Dr. 
Sticklen will direct the overall project. 
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Daina Briedis (co-PI), is an Associate Professor in the Department of Chemical Engineering and 
Materials Science. An award-winning teacher, she has been involved in several areas of education 
research including student retention, curriculum redesign, and the use of technology in the classroom. 
She is a co-PI on two NSF grants in the areas of integration of computation in engineering curricula and 
in developing comprehensive strategies to retain early engineering students. She is active nationally and 
internationally in engineering accreditation and is a Fellow of ABET. Dr. Briedis will coordinate the 
chemical engineering instructional revisions. 

Neeraj Buch (co-PI), is a Professor in the Department of Civil and Environmental Engineering at 
Michigan State University.  He is also the Director of Cornerstone Engineering and Residential 
Experience program at Michigan State University. Dr. Buch teaches undergraduate and graduate courses 
in concrete materials and pavement engineering and has consistently been recognized for his sustained 
excellence in teaching.  He has received several teaching awards at the college, university, and state 
level. He is a co-PI on two National Science Foundation grants in the areas of integration of computation 
in engineering curricula and in the area of retention of early engineering students. Dr. Buch will coordinate 
the Civil and Environmental Engineering instructional revisions. 

Abdol-Hossein Esfahanian (co-PI) is an associate Professor in the Department of Computer 
Science and Engineering, College of Engineering, Michigan State University. He teaches undergraduate 
and graduate theory and system courses such as Discrete Mathematics, Theory of Computing, Analysis 
of Algorithms, Computer communications, Computer Networks, and Algorithmic Graph Theory. He has 
extensive experience in developing software for instruction and research. Dr. Esfahanian also developed 
several web-based database applications which were used at the department, college, and university 
level. He served as the department’s graduate director for ten years.  Dr. Esfahanian actively conducts 
research in applied graph theory, computer networks, and data mining. His research has been supported 
by NSF, and has involved undergraduates through the NSF research Experience for Undergraduates 
(REU) supplements.  Dr. Esfahanian will be the computer science faculty liaison for the instructional 
material development. 

Mark Urban-Lurain (co-PI), Director of Instructional Technology Research and Development, 
Division of Science and Mathematics Education, College of Natural Science.  Prior to joining the DSME, 
he was in the Department of Computer Science and Engineering where he and his colleagues pioneered 
elements of the curriculum development process that became the CPACE Transformation Model as part 
of the design of a large (4000 students/year) introductory computing course (Urban-Lurain, 2003; Urban-
Lurain & Weinshank, 1999, 2000, 2001).  Dr. Urban-Lurain will provide instructional design and 
educational research expertise and coordinate the mentoring of the postdoctoral research associate.  

Thomas F. Wolff (Senior Personnel), Associate Dean for Undergraduate Studies, College of 
Engineering, represents the college administration and will facilitate cross-disciplinary collaboration on the 
project by building upon the existing partnerships between the College of Engineering faculty and 
engineering workforce stakeholders to extend stakeholder participation. Dr. Wolff is a three-time winner of 
the Michigan State University College of Engineering's Withrow Teaching Excellence Award, and a Great 
Lakes Region winner of the Chi Epsilon Harold Robbins Teaching Award. He has been involved in 
curriculum development for over 18 years.  

Jim Fairweather (Senior Personnel) is the Mildred B. Erickson Distinguished Chair in Higher, 
Adult and Lifelong Education at Michigan State University.  He is widely known for his work on faculty 
roles and rewards, reform in engineering education, and higher education policy. He is past co-PI of two 
of the most well-known NSF Centers in the past 20 years, the ECSEL engineering coalition and the 
Center for the Integration of Research, Teaching and Learning. Most recently he was asked by the 
National Academies of Science to write a white paper on the links between research evidence and 
instructional practice in STEM fields.  Dr. Fairweather is past Chair of the editorial board for the most 
prestigious journal in his field, The Journal of Higher Education. He also holds the American Educational 
Research Association Division J Career Research Award. He will lead the workshop to assist in the 
transformation of curricula and teaching practices based on the research in Phase I of the project. 
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5.1.1 Mentoring Plan for Postdoctoral Research Associate 
 CPACE I supports a postdoctoral researcher, Claudia Vergara, from the Center for Research in 

College Science Teaching and Learning (CRCSTL) at Michigan State University who is gaining valuable 
experience in social science and education research. CRCSTL supports the scholarship of teaching and 
learning (SoTL) through research projects on instructional design, implementation and assessment of 
student learning, aimed to improve STEM education. Part of the work of CPACE has been to mentor Dr. 
Vergara.  In addition to working with the rest of the research team on the project, co-PI Dr. Urban-Lurain 
is actively involved in mentoring Dr. Vergara as part of her involvement with CRCSTL.  CRCSTL has 
weekly STEM education seminars for faculty, postdoctoral fellows and graduate students.  The CRCSTL 
postdoctoral fellows also meet in a weekly forum where they discuss their respective STEM education 
projects, read papers, and participate in SoTL professional development.  We plan to have Dr. Vergara 
continue on CPACE II.  Dr. Urban-Lurain will continue to be the lead mentoring contact for Dr. Vergara, 
and she will continue to work with all of the PIs on project implementation. 

5.2 Lansing Community College (LCC) 
Lansing Community College (LCC) has a long history of partnering with private and public 

industries in Michigan.  LCC actively seeks these relationships to serve student and community needs.  
One goal of the Mathematics/Computer Science Department states, “Activities will be developed and 
implemented to increase student confidence in and awareness of application of mathematical skills and 
workplace competencies in other courses and the workplace.”  LCC faculty believe that critical thinking 
and problem solving skills are essential in today’s workplace and that they need to stay current relative to 
the needs of the future employers of transfer students who obtain a four-year degree.  Participating in this 
CPATH project will allow Lansing Community College to continue to work collaboratively with Michigan 
State University, the Corporation for a Skilled Workforce, and other businesses that LCC serves. 

Louise Paquette, (LCC PI), is a professor at Lansing Community College in the Mathematics 
and Computer Science Department.  Professor Paquette collaborates with the MSU co-PIs as part of the 
MSU Engineering Pedagogy Research Group. In 2006 she developed a new course: Numerical Methods 
& MATLAB.  Professor Paquette is the coordinator of the 2+2+2 Engineering Program, a collaborative 
effort between the Lansing Public School system, Lansing Community College, and Michigan State 
University involving students from the three Lansing High Schools. She will be directly responsible for 
managing the LCC portion of the project including the involvement of other LCC professors, development 
of instructional modules for LCC courses, and coordinating with the other project leaders.   

Jing Wang, Ph.D., (LCC co – PI) is a professor at Lansing Community College in the 
Mathematics and Computer Science Department. She has been involved in an effort to incorporate new 
technology into teaching and learning of mathematics. Through the years of teaching at LCC, she has 
developed various graphing calculator and computer lab projects for the Calculus Sequence and 
Differential Equations in the math department. The goals of these projects/activities include the 
identification of the mathematical skills and concepts that are required and crucial for our graduate 
students to succeed in the work place.  She is in the process of developing Maple projects for LCC’s 
calculus sequence. Dr. Wang will coordinate the implementation of instructional modules in the LCC 
courses.    

5.3 Corporation for a Skilled Workforce (CSW) 
Corporation for a Skilled Workforce’s (CSW) mission is to re-imagine everything about work and 

learning in the global economy, for the prosperity of people, firms and communities.  The CSW team 
brings over extensive experience leading workforce development change at the national, state, and local 
level. CSW has undertaken projects in 48 states and hundreds of communities across the country, 
helping to align workforce, community and economic development strategies.   

Community engagement is one of the cornerstones of CSW’s approach.  As such, a large 
number of CSW’s projects require skilled facilitation to aid various stakeholders in the understanding of 
each other’s concerns and finding of common ground, which takes the form regional economic 
development strategies across the country which engage educators, employers, government agencies, 
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and community-based organizations in resolving talent issues related to developing and retaining a skilled 
workforce within shifting local, state, and national economies. 

Cindee Dresen, CSW Director of Talent Development, will serve as CSW’s project manager and 
co-PI. Cindee helps address the talent development and management needs of CSW and the 
organization’s clients. Her expertise lies in talent management, organizational development, public-private 
partnerships, process improvement, project management, curriculum planning, evaluation design, needs 
assessment processes, and market planning.  

5.4 Accreditation 
It would be counterproductive to propose curricular redesign without accreditation considerations, 

particularly given the relatively recent commitment of the Computing Sciences Accreditation Board 
(CSAB) to outcomes-based accreditation and the upcoming “harmonization” of all ABET criteria. 
Alignment and compliance of engineering programs with their respective ABET criteria is a prevailing 
consideration.  Jon Sticklen (PI), Daina Briedis and Neeraj Buch (co-PIs) have considerable experience in 
engineering accreditation and can fairly judge curricular changes and their potential effects on compliance 
with criteria. Dr. Joe Turner (see below) will provide consultation with respect to computing needs.  

 Albert Joseph Turner, Jr. will continue in his role as a consultant to the CPACE project to 
ensure alignment with the evolving CSAB/CAC criteria.  Dr. Turner has served as the Chair, Computer 
Science Accreditation Commission (1988-90); President, Computing Sciences Accreditation Board (1991-
93); Executive Committee Member and Training Chair, Computing Accreditation of ABET (2005-present); 
and Chair of 14 evaluation teams for ABET and CSAB.  He has consulted on academic programs for 
Boeing Corporation and on 14 program evaluations for individual universities and seven for state higher-
education agencies. Drs. Briedis and Turner’s involvement in this project does not represent an 
endorsement of this work from ABET, but is included to maintain relevance and consistency in proposed 
curricular changes and their ability to fall within the constraints of the relevant accreditation criteria. 

5.5 Science and Mathematics Program Improvement 
The external evaluation will be conducted by Science and Mathematics Program Improvement 

(SAMPI) at Western Michigan University (WMU) in collaboration with project staff and other key 
stakeholders.  The SAMPI team has extensive experience in evaluation STEM education program, 
including those with an engineering focus.  SAMPI is currently evaluator for the CPACE I planning project 
(see year one evaluation in supplemental documents), statewide evaluator for the Michigan LSAMP 
program, evaluator for the WMU NSF-funded STEP program, Michigan Technological University High 
School Enterprise program, the NASA-JPL Mars Exploration Public Engagement Program, and Physics 
of Everyday Thinking, an NSF-funded college-level physics education program at San Diego State 
University.  Through its various evaluation and research project, SAMPI has broad experience in 
conducting experimental design studies, including those associated with US Department of Education 
Math/Science Partnerships.  Dr. Mark Jenness, SAMPI Director, and Dr. Robert Ruhf will serve as lead 
evaluators on this project.  The entire SAMPI team will be available as needed to conduct the evaluation 
effort.  A biosketch and SAMPI vita are included in the biosketches section this proposal. 

6 Broader Impact 
At the successful completion of the proposed project, we expect to shed light on the processes 

we have developed in our two CPATH projects. In our first CPATH project, we developed a model for 
collaboration with industrial stakeholders in engineering firms to determine their needs for computational 
problem solving. In our second CPATH project we will complete the loop by integrating CT into existing 
academic programs using an evolutionary change methodology. The process of industrial stakeholder 
feedback and analysis of that feedback (our first project) and the process of programmatic change to 
meet stakeholder needs (our second project - proposed here) will be replicable at other institutions. 
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Austin, TX. 

Vergara, C. E., Urban-Lurain, M., Dresen, C., Coxen, T., MacFarlane, T., Frazier, K., et al. (2009b, 

October 18-21). Aligning computing education with engineering workforce computational needs: 

New curricular directions to improve computational thinking in engineering graduates. Paper 

presented at the Frontiers in Education, San Antonio, TX. 

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35. 

 

 



(A) University Degrees

Institution/Location  Field of Study  Degree Year          
Ohio State University/Columbus OH Physics B.Sci. (dist in physics) 1966
Columbia University/NYC NY Astrophysics M. Sci. 1968
Ohio State University/Columbus OH Comp Science M. Sci. 1983
Ohio State University/Columbus OH Comp Science Ph.D. 1987

(B) Appointments

2008-present  Director, Applied Engineering Science (undergraduate BS program)
Coordinator, Engineering Education Research
51% administrative appointment

2007-2008 Special Assistant to the Dean, Instructional Technology and Pedagogical Research, College 
of Engineering, Michigan State University. 
30% administrative appointment

1993-present  Associate Professor, Michigan State University, College of Engineering, Computer Science
1987-1993 Assistant Professor, Michigan State University, College of Engineering, Computer Science, 

Intelligent Systems Laboratory 
1985-1987  Senior Scientist, Battelle Memorial Institute, Computer Science, Artificial Intelligence Group

1983 Summer Intern, INTERLISP/LOOPS group, Palo Alto Research Center (PARC), Palo Alto, 
CA

1981-1987 NLM/NIH Graduate Trainee, GRA, Ohio State University, College of Engineering, Computer 
Science, Lab for AI Research 

1970-1974  Assistant Professor of Physics and Planetarium Director, Frostburg State College, Frostburg, 
MD 

1968-1970 Associate Director/Acting Director, Hansen Planetarium, Salt Lake City, UT
1968-1970  Adjunct Instructor, University of Utah, Astronomy 

1966-1968  NASA Graduate Trainee, Columbia University, Astronomy

(C) Selected Recent Publications (of more than 100 publications)

Amey, M., Eskil, T., Hinds, T., Sticklen, Jon, and Urban-Lurain, M.: ‘Application of Scaffolding to 
Introductory MATLAB’. Proc. 2004 ASEE Conference, Salt Lake City, UT USA. 2004.

El-Sheikh, E., and Sticklen, Jon: ‘Generating Intelligent Tutoring Systems from Reusable Components 
and Knowledge-Based Systems’, in Cerri, S.A., and Gouard, G. (Eds.): Intelligent Tutoring 
Systems (Springer, 2002).

Sticklen, J., D. Briedis, N. Buch, M. Urban-Lurain, L. Paquette, and T. Wolff, “Engaging Early 
Engineering Students (EEES) Background and Goals of an NSF STEP Project to Increase 
Retention,” accepted for publication in the Proc. Of the 2009 ASEE Conference and Exposition, 
Austin, TX, June 14-17, 2009.

Sticklen, Jon, Amey, M., Eskil, T., Hinds, T., and Urban-Lurain, M.: ‘Application of Object-Centered 
Scaffolding to Introductory MATLAB ’. Proc. 2004 ASEE, Salt Lake CIty, UT  USA, 2004.

Sticklen, Jon, Briedis, D., Urban-Lurain, M., and Hinds, T.: ‘Vertical Integration of MATLAB across 
Engineering Curricula: Systematic Curricular Change by Small Steps’. Proc. 2007 ASEE, 
Honolulu, Hawaii  USA, 2007.

Jon Sticklen Associate Professor of Computer Science and Engineering
sticklen@msu.edu Director, Applied Engineering Science

Coordinator, Engineering Education Research
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Sticklen, J., and Urban-Lurain, M.: ‘The Relationship of Instructor Ratings with TA Ratings in High 
Enrollment, Lecture/Lab Courses: A Preliminary Study’. Proc. 2008 ASEE, Pittsburgh, PA  USA, 
2008.

Sticklen, J., Urban-Lurain, M., and Briedis, D.: ‘Work in Progress: Effective Engagement of Millennial 
Students Using Web-based Voice-Over Slides and Screen Demos to Augment Traditional Class 
Delivery ’. Proc. FIE 2008 (Frontiers in Education), Saratoga Springs, NY  USA, 2008, paper 1282.

Urban-Lurain, M., Amey, M., Sticklen, Jon, Hinds, T., and Eskil, T.: ‘Curricular Integration of 
Computational Tools by Evolutionary Steps’. Proc. 2004 ASEE, Salt Lake City, UT  USA, 2004.

Vergara, C.E., M. Urban-Lurain, D. Briedis, N. Buch, C. Dreesen, L. Paquette, J. Sticklen, and T. Wolff, 
“Leveraging Workforce Needs to Inform Curricular Change in Computing Education for 
Engineering: The CPACE Project,” accepted for publication in the Proc. Of the 2009 ASEE 
Conference and Exposition, Austin, TX, June 14-17, 2009.

Vergara, C.E., Urban-Lurain, M., Briedis, D., Buch, N., LaPrad, J., Paquette, L., Sticklen, Jon, and 
Wolff, T.F.: ‘Work in Progress: Computing and Undergraduate Engineering: A Collaborative 
Process to Align Computing Education with Engineering Workforce Needs (CPACE)’. Proc. FIE 
2008 (Frontiers in Education), Saratoga Spring, NY  USA, paper 1623.

(D) Selected Funded Research History (career total research funding over $7.5M)

July, 2008-June 2013. “EEES: Engaging Early Engineering Students to Expand Numbers of Degree 
Recipients.” NSF DUE. ($2,499,293) Co-PI with Dean Thomas Wolff (PI), Dr. Mark Urban-Lurain, 
Dr. Daina Briedis, and Dr. Neeraj Buch. (NSF 0757020)

September, 2007-August, 2009. “CPATH CB: Computing and Undergraduate Engineering: A 
Collaborative Process to Align Computing Education with Engineering Workforce Needs.” NSF 
CISE/CPATH. ($499,849) Co-PI with Dean Thomas Wolff (PI), Dr. Mark Urban-Lurain, Dr. Daina 
Briedis, and Dr. Neeraj Buch. (NSF 0722221)

May, 1996-August, 2000 "Conceptual Process Design for Reengineering Metal Assemblies to 
Composite Materials." DARPA RaDEO Program. ($950,000) Lead PI with Dr. James McDowell 
and Dr. Martin Hawley. 

September, 1996-December, 1997 "Developing Decision Support Software for (a) Mold/Die 
Manufacturing Process Selector (b) Rapid Prototyping Method Selector." United Technologies 
Research Center. ($70,261) Lead PI with Dr. Martin Hawley and Dr. James McDowell. 

June, 1994-June, 1998 "Education and Training Program in Composite Materials for DoD and Durable 
Goods Industries." Technology Reinvestment Program (TRP) administered by NSF. ($1,500,000). 
Program is joint between MSU (lead) and the University of Delaware. PIs at MSU are Dr. Martin 
Hawley (lead PI), Dr. Larry Drzal, Dr. K. Jayaraman, and Dr. Jon Sticklen. 

September, 1995-August, 1998 "Virtual Prototyping for Polymer Composites Assemblies." NSF. 
($525,016) Lead-PI with Dr. James McDowell and Dr. Martin Hawley, Composite Materials and 
Structures Center, MSU. 

October, 1992-September, 1995 "Development of an Egyptian Regional Wheat Management System 
via an Expert System Linked with a Crop Simulation Model." USDA/NARP. ($597,139) (Lead-PI 
with Drs. Richard Ward & Joe Ritchie, Crop and Soil Science Dept, MSU, and with Dr. Ahemd 
Rafea, Central Laboratory for Agricultural Expert Systems, Ministry of Agriculture and Land 
Reclamation, Cairo, Egypt.) 

July, 1992 - June, 1995 "Utilizing a Comprehensive Generic Task Approach to Plan Fabrication 
Protocols for Composite Materials." DARPA. ($775,574 direct agency funding, with $219,000 of 
matching funding from the MSU Composites Center) (Lead-PI with Dr. Martin Hawley, Composite 
Materials and Structures Center, MSU)

 Short Resume ● Jon Sticklen
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 Name and Rank: 
 BRIEDIS, Daina, Associate Professor of Chemical Engineering  
 
Education 

Ph.D. Chemical Engineering, Iowa State University - 1981 
 B.S.  Engineering Science, University of Wisconsin-Milwaukee - 1978 
 
Professional Experience 
 1986 - Present Associate Professor, Department of Chemical Engineering & Materials Science 

1982 - 1986 Assistant Professor, Department of Chemical Engineering 
1985  Research adjunct at Dow Chemical Company, Midland, MI. 

  
Consulting and Professional Service 
 2007  Fellow, ABET, Inc. 
 2006-present Consultant, ABET, Inc. 
 2006-present Member, Program Evaluator Training and Train-the-Trainer Design Team 
 2003-2006 Member, ABET, Inc. Board of Directors 
 2004-2006 Member of the Fellows Award Subcommittee 

2004-2005 Chair, Chemical Engineering Division, ASEE 
2003-2004 Chair-Elect, Chemical Engineering Division, ASEE 

 2001-2002 Program Chair, Chemical Engineering Division, 2002 ASEE Conference and 
Exposition, Montreal 

 2000  Consultant for Japanese Accreditation Board for Engineering Education 
 2000-2003 Member, Executive Committee of the Engineering Accreditation Committee, 

Accreditation Board for Engineering & Technology 
 2003-present Consultant, ABET Engineering Credentials Evaluation International 
 2000-2002 Chair, ABET EAC Training & Materials Development Committee 
 2003, 2000, 1997 Invited Panelist at the “Best Assessment Processes in Engineering Education” 

symposium  
 2003, 1999 Facilitator, ABET Faculty Workshops (including Singapore Workshop, December 9-11, 

2003) 
 2000-2003 Member, Executive Committee of the Engineering Accreditation Committee, EAC 

Team Chair of EC 2000 visits  
 1998-2003 ABET Team Chair for Engineering Criteria 2000 visits 
 1987-1998 ABET-AIChE Program Evaluator (Trained for ABET Engineering Criteria  
   2000) 
 
Relevant publications (last five years) 
  Briedis, D., N. Buch, J. Collins-Eaglin, N. Ehrlich, D. Fleming, T. Hinds, J. Sticklen, M. Urban-Lurain, 

and T. Wolff, “Connector Faculty: A Friendly Face for Early Engineering Students,” accepted for publication 
in the Proc. Of the 2009 ASEE Conference and Exposition, Austin, TX, June 14-17, 2009. 

  Urban-Lurain, M., D. Briedis, N. Buch, J. Sticklen, and T. Wolff, “Understanding Factors Contributing To 
Retention In Engineering: A Structural Equation Modeling (Sem) Approach,” accepted for publication in the 
Proc. Of the 2009 ASEE Conference and Exposition, Austin, TX, June 14-17, 2009. 

Sticklen, J., T. Wolff, W. Bauer, D. Briedis, N. Buch, J. Courtney, N. Ehrlich, D. Fleming, R, Heckman, L. 
Paquette, R. Mickelson, M. Urban-Lurain, and C. Weil, “Engaging Early Engineering Students (EEES) 
Background and Goals of an NSF STEP Project to Increase Retention,” accepted for publication in the Proc. Of 
the 2009 ASEE Conference and Exposition, Austin, TX, June 14-17, 2009. 

Vergara, C.E., M. Urban-Lurain, D. Briedis, N. Buch, C. Dreesen, L. Paquette, J. Sticklen, and T. Wolff, 
“Leveraging Workforce Needs to Inform Curricular Change in Computing Education for Engineering: The 
CPACE Project,” accepted for publication in the Proc. Of the 2009 ASEE Conference and Exposition, Austin, 
TX, June 14-17, 2009. 
 Briedis, D., “Embedded Assessment: Easing the Faculty Workload,” in Assessment in Engineering 
Programs: Evolving Best Practices, William E. Kelly, ed., Association for Institutional Research, 2008. 
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 Vergara, C.E., M. Urban-Lurain, D. Briedis, N. Buch, J. LaPrad, L. Paquette, J. Sticklen, and T. Wolff, 
Work in Progress – Computing and Undergraduate Engineering: A Collabortive Process to Align Computing 
Education with Engineering Workforce Needs (CPACE),” 38th Annual Frontiers in Education (FIE) 
Conference Saratoga Spring, NY, October 22-25, 2008 
 J. Sticklen, Briedis, D. N. Buch, T. Hinds, and M. Urban-Lurain, “Vertical Integration of MATLAB 
Across Engineering Curricula: Systematic Curricular Change by Small Steps,” Proc. of the 2007 ASEE 
Conference and Exposition, Honolulu, HI, June 24-27, 2007. 
 Briedis, D. and J. Shaeiwitz, “Direct Assessment Measures,” Proc. of the 2007 ASEE Conference and 
Exposition, Honolulu, HI, June 24-27, 2007. 
 Briedis, D. D. Miller, R. Ofoli, J. Sticklen, and M. Urban-Lurain, “Course Assessment for Evolutionary 
Curricular Reform: Infusing MATLAB Vertically Through The Curriculum,” presented at the 2006 ASEE 
Conference and Exposition, Chicago, IL, June 18-21, 2006. 
 Baber, T., D. Briedis, and R.M. Worden, “Teaching and Mentoring Training Programs at Michigan State 
University: A Doctoral Student’s Perspective,” Proc. Of the 2004 ASEE Conference and Exposition, Portland, 
OR, June 12-15, 2005. 

 
Honors and Awards 

Outstanding Professor Award (elected by students) 2006, 1997, 1989, 1986 
Withrow Teaching Excellence Award, 1998 
Iowa State University, Professional Progress Award, 1994 
Golden Key National Honor Society Outstanding Teaching Award, 1992 
State of Michigan Teaching Excellence Award, 1990 
Teacher-Scholar Award, Michigan State University, 1985 

 DuPont Young Faculty Award, Michigan State University 
 PACE Award, Iowa State University 
 Member, Tau Beta Pi 
 
Workshops and Invited Lectures 

“Tailor-Made Performance Criteria,” workshop conducted at the Best Assessment Processes Symposium, 
April 3-4, 2009, Indianapolis, IN.  
 
“ABET Accreditation: The Raised Bar,” seminar presented at Tennessee Tech University, September 8, 
2008. 
 
“Outcomes Assessment 1 and 2,” workshop conducted with J. Shaewitz at the 2007 ASEE Chemical 
Engineering Faculty Summer School, July 28-August 2, 2007, Pullman, WA. 
 
“Walking in the Shoes of the PEV,” workshop conducted at College of Engineering, Pennsylvania State 
University, May 15, 2007. 
 
“Enabling Faculty in Effective Program Evaluation and Assessment,” workshop conducted at the “Best 
Assessment Processes Symposium,” February 27-29, 2006, Rose-Hulman Institute of Technology, Terre 
Haute, IN. 
 
“Sustainable Assessment for a Busy Faculty,” invited talk given at the  Southern California Forum on 
Outcomes Assessment, Pomona, CA, March 22, 2004. 
 
 “Streamlining Program Assessment for a Reluctant Faculty,” workshop conducted at the “Best Assessment 
Processes Symposium IV,” April 24-26, 2003, Rose-Hulman Institute of Technology, Terre Haute, IN. 

 



NEERAJ BUCH
Professor
Department of Civil and Environmental Engineering
3556 Engineering Building
Michigan State University
East Lansing, Michigan 48824-1226

RESEARCH INTERESTS

Dr. Buch's interests are in the area of concrete pavement design, rehabilitation, non-destructive testing of 
pavements, and composite materials.  His research focuses on the development of rut and fatigue prediction 
models for flexible pavements design.  He is involved in developing crack deterioration algorithms for rigid 
pavements.  His other research interests include development of rehabilitation strategies and study of 
recyclable materials in Portland cement concrete and asphalt concrete.

PROFESSIONAL PREPARATION

Sardar Patel University, India Civil Engineering B.S., 1986

University of Michigan, Ann Arbor Civil Engineering M.S., 1988

Texas A&M University Civil Engineering Ph.D., 1995

APPOINTMENTS

Director Michigan State University, East Lansing, Michigan
January 2009 to present Cornerstone Engineering and Residential Experience

Professor Michigan State University, East Lansing, Michigan
July 2008 to Present Department of Civil and Environmental Engineering

Associate Professor Michigan State University, East Lansing, Michigan
July 2002 to June 2008 Department of Civil and Environmental Engineering

Assistant Professor Michigan State University, East Lansing, Michigan
January 1996 to July 2002 Department of Civil and Environmental Engineering

Visiting Assistant Professor Prairie View A&M University
August 1995 to December 1995 Department of Civil and Environmental Engineering

Graduate Research Assistant Texas A&M University
January 1992 to August 1995 Department of Civil and Environmental Engineering

Graduate teaching Assistant Texas A&M University
January 1992 to August 1995 Department of Civil and Environmental Engineering

Project Engineer Somat Engineering, Taylor Michigan
June 1988 to January 1992

Structural Engineer Kothari & Associates, New Delhi, India
December 1986 to August 1987

REVEVANT PUBLICATIONS
1. Briedis, D., N. Buch, J. Collins-Eaglin, N. Ehrlich, D. Fleming, T.  Hinds, J. Sticklen, M. Urban-

Lurain, and T. Wolff, “Connector Faculty: A Friendly Face for Early Engineering Students,” 
accepted for publication in the Proc. of the 2009 ASEE Conference and Exposition, Austin, TX, 
June 14-17, 2009.

2. Jahangir-nejad, S., Buch, N., and Kravchenko, A., “Evaluation of the CTE Test Protocol and its 



Impact on JCP Performance, accepted for publication  by the ACI Materials Journal
3. Prabhu, M., Varma. A., and Buch, N., “A Parametric Study on the Mechanistic Effects of Dowel 

Misalignment in Jointed Concrete Pavements,” International Journal of Pavement Engineering, 
Vol. 10., issue 1., February 2009.

4. Claudia E. Vergara, Mark Urban-Lurain, Cindee Dresen, Tammy Coxen, Taryn MacFarlane, 
Kysha Fraizer, Daina Briedis, Neeraj Buch, Jeannine LaPrad, Louise Paquette, Jon Sticklen, 
Thomas F. Wolff Leveraging Workforce Needs to Inform Curricular Change in Computing 
Education for Engineering: The CPACE Project.. ASEE American Society for Engineering 
Education 2009

5. Vergara, Urban-Lurain, Briedis, Buch, LaPrad, Paquette, Sticklen and Wolff,“Work in Progress-
Computing and Undergraduate Engineering: A Collaborative Process to Align Computing 
Education with Engineering Workforce Needs (CPACE),” proceedings of the 38th ASEE/FIE 
Conference, Saratoga Springs, October 2008.

RECENT CO-AUTHORS
Lev Khazanovich, Senior Project Engineer, ERES Consultants
David Trejo, Ph.D., Assistant Professor, Texas A&M University
Thomas Van Dam, Ph.D., Assistant Professor, Michigan Technological University

GRADUATE ADVISORS
M.S.: Will Hansen, Ph.D., Associate Professor, University of Michigan
Ph.D.: Dan Zollinger, Ph.D., P.E., Associate Professor, Texas A&M University

GRADUATE STUDENTS

*Selected for the outstanding Civil Engineering Graduate Student Award
†Received the dissertation completion fellowship in summer 2006.

Student Name
Shervin Jahangir-nejad
Milind Prabhu*†
Kaenvit Vonguchisiri
Dong-Yeob Park
 Hyung Bae Kim

Joseph Padolsky
Joel Brown
Deepa Thandaveswara*
Aswani Pulipaka
Praveen Desaraju
Jacob Hiller
Michael Frabizzio

Michael Wilson
Murthy Kadaliya
Sandeep Das
Rahul Kowli
Kaenvit Vongchusiri
Ahmad Muntasir
Angel Ramos
Len Becker
Abdul Hayee
Ryan Snook
Owais Rehman

Degree
Ph.D.
Ph.D.
Ph.D.
Ph.D
Ph.D

M.S. (report)
M.S. (thesis)
M.S. (thesis)
M.S. (thesis)
M.S. (thesis)
M.S. (thesis)
M.S. (thesis)

M.S. (report)
M.S. (course)
M.S. (course )
M.S. (course)
M.S. (report)
M.S. (report)
M.S. (report)
M.S. (report)
M.S. (course)
M.S. (report)
M.S. (report)

Date
Expected to graduate in Spring 2008
Graduated in Spring 2007
Graduated in Summer 2006
Graduated in Fall 2000
Graduated in Spring 1999

Expected to graduate in Spring 2011
Expected to graduate in Fall 2009
Graduated in Fall 2005
Graduated in Summer 2005
Graduated in Fall 2003
Graduated in Fall 2000
Graduated in Fall 1998

Graduated in Fall 2007
Graduated in Fall 2004
Graduated in Spring 2002
Graduated in Fall 2002
Graduated in Summer 2001
Graduated in Spring 2001
Graduated in Fall 2000
Graduated in Fall 1999
Graduated in Fall 1998
Graduated in Spring 1998
Graduated in Summer 1998
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Vita (brief version) Abdol-Hossein Esfahanian 4/2009 
 
Department of Computer Science and Engineering  Tel: (517) 353-4389 
Michigan State University Fax: (517) 432-1061 
East Lansing, MI 48824-1226  USA esfahanian@cse.msu.edu 
 
 

Education 
PhD Department of Electrical Engineering  and  Computer  Science,  Northwestern 

University, Evanston, Illinois, 1983. 
Thesis On the Connectivities of Networks with Application to Multiple Processor Systems 

Advisor Professor S. Louis Hakimi 
MS Department of Computer, Information, and Control Engineering, University of Michigan, Ann Arbor, 

Michigan, 1977. 
BS Department of Electrical Engineering, University of Michigan, Ann Arbor, Michigan, 1975. 

Academic Career 
8/94 - present Graduate Program Director, CSE Department, MSU. 
7/90 - present Associate Professor with tenure, CSE Department, MSU. 

9/83 - 6/90 Assistant Professor, CSE Department, MSU. 
9/86 - 9/88 Faculty Affiliate, A.H. Case Center for Computer Aided Design, MSU. 

Research Interests 
• Graph Theory Applications in Computer Science 
• Fault-Tolerant Computing, Computer Networks 
• Design and Analysis of Algorithms, Data Mining 

Recognition 
• The Withrow Teaching Excellence Award, College of Engineering, MSU, 2005. 
• The Withrow Exceptional Service Award, College of Engineering, MSU, 1998. 
• IEEE Senior member 

Major Software Packages Developed/Supervised 
• PG, A Graph Manipulation Package written in Python 
• GMPX, A Graph Manipulation Package written in C# 

Five Related Publications 
• Abhishek Patil, A-H.  Esfahanian, Li Xiao, and Yunhao Liu, “Resource Allocation using Multiple Edge-

Sharing Multicast Trees,” IEEE Transactions on Vehicular Technology, Vol. 57,  pp. 3178-3186, September 
2008.  

• Abhishek Patil, Yunhao Liu, Li Xiao, A-H.  Esfahanian, and Lionel M Ni, “SOLONet: Sub-optimal location-
aided overlay network for MANETs,”  Journal of Wireless Networks, pp. 1572-8196, January 2007. 

• Andrew Chen and A-H. Esfahanian, “On The Construction of Graphs with Large Numbers of Spanning 
Trees,”  Congressus Numerantium, Vol. 172, pp. 123-148, 2005. 

• Andrew Chen and A-H. Esfahanian, “A Demography of t-Optimal (n, m) Graphs Where n ≤ 12,” 
Proceedings of The 2005 International Conference on Algorithmic Mathematics and Computer Science, pp. 
121-127. 

• G. Zimmerman, A-H. Esfahanian, and D. Vasquez, “GMP/X, An X-Windows based Graph Manipulation 
Package,” Computational Support for Discrete Mathematics, N. Dean and G. E. Shannon (Eds.), Volume 15, 
pp. 245-254, American Mathematical Society, 1992. 
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Other  Publications 
• Jerry Scripps, Ronald Nussbaum, Pang-Ning Tan, and A-H. Esfahanian, “Link-based Network Mining,” 

Structural Analysis of Networks, Dehmer M. (Eds.), Birkhäuser Publishing, 2008. 
• Jerry Scripps, Pang-Ning Tan, and A-H.  Esfahanian, “Node Roles and Community Structure in Networks,” 

KDD 2007 Workshop on Web Mining and Social Network Analysis, pp. 26 - 36, August 2007. 
• Barbara D. Gannod, A-H. Esfahanian, and Eric Torng, “Source-Limited Inclusive Routing: A New Paradigm 

for Multicast Communication,” NETWORKS, Vol. 35, No. 1, pp. 40-55, 2000. 
• A-H. Esfahanian and Ortrud R. Oellermann, “Distance-Hereditary Graphs and  Multidestination  Message-

Routing in Multicomputers,” Journal of Combinatorial Mathematics and Combinatorial Computing, Vol. 
13. pp. 213-222, April 1993. 

 

Current Grant 
• None 

Professional Services 
• Program Committee Member, 2008 IEEE International Conference on Networking, Sensing and Control, 

China, April 6-8, 2008. 
• Organizer, The XXXI Midwest Graph Theory Conference, MSU, May 1998. 
• Associate Editor, NETWORKS, an international journal, since June 1996. 
• Regional Representative for the Midwest Theory Conference 
 

Collaborators within Last 48 Months 
Jerry Scripps(Grand Valley State University), Ronald Nussbaum(Michigan State University), Feilong Chen(Michigan 
State University), Pang-Ning Tan(Michigan State University),  Andrew Chen (Minnesota State University), Yunhao 
Liu (Hong Kong University of Science and Technology ), Li Xiao (Michigan State University), Abhishek Patil 
(Michigan State University), Yunhao Liu (Michigan State University),  Boris Gelfand (Michigan State University), 
Baijian Yang (Michigan State University), Prasant Mohapatra (University of California at Davis), Matt Mutka 
(Michigan State University), Barbara D. Birchler  (University of Arizona), Eric Torng (Michigan State University), 
Lionel Ni (Hong Kong University of Science and Technology)  
 
Dissertation Advisees for the Last Five Years 

• Boris Gelfand, Andrew Chen, Abhishek Patil 
 
Summary statistics 

• 12 doctoral candidates, 10 graduated 
• 13 masters’ graduated 
• 0 postdoctoral scholars sponsored 
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(i) Professional Preparation 
Michigan State University, Television - Radio, B. A. (audio engineering), 1972 
Michigan State University, Multidisciplinary Social Science, M. A. (statistics and computer 

modeling), 1981  
Michigan State University, Educational Psychology, Ph.D. (cognition and technology), 2000 
 

(ii) Appointments 
2002 – present Director of Instructional Technology Research and Development, Division 

of Science and Mathematics Education, Michigan State University,  
1997 – 2002 Academic Specialist: Instructor, Department of Computer Science and 

Engineering, Michigan State University,  
1985 - 1997 Instructional Resources Coordinator, Computer Science Department, 

Michigan State University,  
1979 - 1985 Television Engineering Technician II, Instructional Public Television, 

Michigan State University,  
1976 - 1978 Graduate Programming Assistant, Computer Institute for Social Science 

Research, Michigan State University,  
1974 – 1979 Radio Production Technician, WKAR Radio, Michigan State University,  

(iii) Publications 
Related to project 

Briedis, D., Urban-Lurain, M., Ofoli, R., Miller, D., & Sticklen, J. (2007, June 24-27). 
Enabling curricular integration through multi-course assessment. Paper presented at the 
American Society of Engineering Education Annual Conference & Exposition, Hawaii. 

Sticklen, J., Briedis, D., Urban-Lurain, M., & Hinds, T. (2007, June 24-27). Vertical 
integration of MATLAB across engineering curricula: Systemic curricular change by small 
steps. Paper presented at the American Society of Engineering Education Annual Conference & 
Exposition, Hawaii. 

Sticklen, J., Urban-Lurain, M., & Briedis, D. (2008, October 22-25). Work in progress - 
Effective engagement of millennial students using web-based voice-over slides and screen demos 
to augment traditional class delivery. Paper presented at the Frontiers in Education, Saratoga 
Springs, NY. 

Urban-Lurain, M., & Sticklen, J. (2008, October 22-25). Enhancing learning of low performing 
students in multi-section first year lecture/laboratory classes: Completion of a three year study 
Paper presented at the Frontiers in Education, Saratoga Springs, NY. 

Vergara, C. E., Urban-Lurain, M., Briedis, D., Buch, N., LaPrad, J., Paquette, L., et al. (2008, 
October 22-25). Work in Progress - Computing and Undergraduate Engineering: A 
Collaborative Process to Align Computing Education with Engineering Workforce Needs 
(CPACE). Paper presented at the Frontiers in Education, Saratoga Springs, NY. 
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Other 
Rollins, S. L., Patterson, R. J., Merrill, J., Parker, J., Urban-Lurain, M., Zhang, B., et al. (In 
Press). Effectiveness of voluntary and assigned homework a large introductory biology class. 
Biochemistry and Molecular Biology Education. 

Briedis, D., Urban-Lurain, M., Ofoli, R., Miller, D., & Sticklen, J. (June 24-27, 2007). Course 
assessment for curricular reform II. Paper presented at the American Society of Engineering 
Education Annual Conference & Exposition, Hawaii. 

Sticklen, J., & Urban-Lurain, M. (2006, June 18-21). Enhancing learning of low performance 
students in multi-section freshman lecture/laboratory classes. Paper presented at the ASEE 
Annual Meeting, Chicago, IL. 

Urban-Lurain, M., Anderson, C. W., Parker, J., & Richmond, G. (2006, March 20-24). Fluency 
with information technology in teacher education:  Moving from novice towards expertise. Paper 
presented at the Society for Information Technology & Teacher Education, Orlando, FL. 

Urban-Lurain, M., Sticklen, J., & Buch, N. (2006, June 18-21). High enrollment, early 
engineering courses and the personal response system.  Paper presented at the ASEE Annual 
Meeting, Chicago, IL. 

(iv) Synergistic Activities 
Conceived, designed, implemented and directed an introductory computing course for non-CS 
majors serving 2000 students/semester.  Consistent with the NRC Fluency with Information 
Technology recommendations, the course combines active, collaborative learning with mastery-
model performance-based assessment to promote retention and enhance transfer.    

Co-creator of an introductory computer programming course emphasizing conceptual 
understanding with true top-down design. Nominated for Computerworld Smithsonian Award. 

Recipient of 2001 MSU Alumni Club of Mid-Michigan Quality in Undergraduate Education 
award and 1999 MSU College of Engineering Withrow Teaching Excellence award. 

(v) Collaborators & Other Affiliations 
(a)  Collaborators & Co-editors: Albertelli, Guy, MSU; Amey, Marilyn, MSU; Anderson, 
Charles, MSU; Briedis, Daina, MSU; Buch, Neeraj, MSU; Eberhardt, Jan, MSU; Ebert-May, 
Diane, MSU; Hinds, Timothy, MSU; Jones, Matthew, UC Santa Barbara; Koehler, Matt, MSU; 
Kortemeyer, Gerd, MSU; Lundeberg, Mary, MSU; McFall, Ryan, Hope College; Merrill, John, 
MSU; Miller, Dennis, MSU; Mishra, Punya, MSU; Ofoli, Robert, MSU; Parker, Joyce, MSU; 
Patterson, Ronald, MSU; Richmond, Gail, MSU; Rollins, Scott, UCSC; Rosaen, Cheryl (MSU); 
Sibley, Duncan, MSU; Sticklen, Jon, MSU; Weinshank, Donald J. (emeritus), MSU; Zhang, 
BaoHui, Nanyang Technology University; Zhao, Yong, MSU. 

(b) Graduate Advisors: Byers, Joseph L. (emeritus), MSU; Weinshank, Donald J. (emeritus), 
MSU; Yelon, Stephen L. (emeritus), MSU; Zhao, Yong, MSU. 

(c) Graduate student thesis advisor:  None 



Cindee A. Dresen 

 C. Dresen - 1 

Key Qualifications 

♦ Over 15 years of management, along with 11 years of HR talent management, learning and development, process 
improvement, quality management, marketing, and program and project management experience.  

♦ Managed organizations in both public and private sectors in higher education, business, and non profit workforce 
development environments. 

♦ Provided consultation and services across multiple industries (i.e., manufacturing, higher education, government, 
retail, health care) to small  to mid size (i.e., 5-999 staff) to large complex (i.e., 1,000 -15,000 staff) organizations. 

♦ Organizational development and change with particular emphasis on post-secondary education institutions, 
government, and nonprofit organizations. 

♦ Project management of all aspects of projects of varying size and scope from beginning to end. 
♦ Research and evaluate design and efficacy of web-based education and training. 
♦ Research and evaluation of programs in the areas of professional development training, organizational development, 

post-secondary education, and government. 
♦ Technical assistance in design and improvement of education and professional development training programs. 
♦ Experience with use and development of quantitative and qualitative data collection activities such as mail and web-

based surveys, focus groups, interviews, and observation. 

Professional Experience 

2002-Present Director of Talent Development, Corporation for a Skilled Workforce.  Chosen to develop and provide 
oversight of the organization’s systems, operations, and plans in the areas of HR talent management, project 
management, marketing management, technology, systems improvement, and organizational learning and 
development. Relevant experiences include: 
• HR Management and Administration – Develop and implement talent management strategy 

with emphasis on recruitment, retention, performance management, incentives, competency 
assessment, staff development, policy, and succession planning. Manage consulting, research, 
and administrative staff. Serve as project manager and consultant on an innovative multi-
phase HR talent management practices project for small to mid-size businesses in Mid 
Michigan region entitled Networking for Talent. Collaborated with executive management 
team to manage a $4 million budget. 

• Project Management – Serve as project manager on a multi-year $1.8 million project in which 
consultation was provided to State of Michigan’s Department of Labor and Economic Growth 
staff regarding development and implementation of sector, workforce, and organizational 
development strategies; Serve as project manager on numerous workforce development-
related projects ranging from $15,000-$1 million in scope. Created 14.5 hour project 
management training program for project teams. 

• Learning and Development – Create and provide oversight of implementation of 
organizational tools and materials to support organizational system design efforts. Collaborate 
with executive management team to develop and implement organizational change initiatives. 
Provide executive and managerial-level coaching. Design methodologies for evaluating 
individual and organizational learning. 

• Consultation – Provide external and internal consultation on HR talent management, process 
improvement, knowledge management, project management, curriculum development, survey 
design, performance management, needs assessment processes, and market planning; along 
with consultation on e-learning design and development, and assessment of e-learning 
methodology effectiveness.  Provided consultation and services across multiple industries (i.e., 
manufacturing, higher education, government, health care) to small  to mid size (i.e., 5-999 staff) to large 
complex (i.e., 1,000 -15,000 staff) organizations. 
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• Marketing and Business Development – Co-develop and implement marketing plan with 
emphasis on promotion, branding, and messaging activities. Write and edit grants and request 
for proposals to obtain funding for new projects from foundations and fee-based clients. 

1996-2002 Training and Development Manager, University of Michigan, Human Resource Development 
Department.  Selected to provide overall strategic leadership and organizational management and 
development support. Relevant experiences include: 
• HR Management and Administration – Provided oversight of the talent management activities 

including recruitment, retention, learning and development, competency assessment, performance 
management, policy which resulted in less than 1% turnover rate. Appointed to participate in university-
wide HR business process reengineering and redesign initiatives.  Managed 20 administrative and 
consulting staff. Oversaw a $400,000 program budget. 

• Learning and Development –Created and implemented department’s curriculum development 
process to address competency development needs of University staff and faculty. Developed 
effective traditional and online learning curricula. Achieved an extraordinarily high online 
participant retention rate of 85%. Designed evaluation tools to assess the effectiveness of 
organizational development and training activities.  Wrote and designed concise professional 
materials (e.g. Foundations of Supervision Manual; Basics of Survey Design Manual; College of 
Engineering’s Managing Information Using Excel Manual). Offered open enrollment courses that 
consistently ran at 80-100% capacity. Met open enrollment revenue projections for five years, which 
averaged $150,000 per year. Oversaw process and system improvement efforts. 

• Program and Project Management – Developed appropriate schedule for 160 training sessions 
per year and managed program logistical coordination. Handled recruitment, selection, and 
scheduling of 50 faculty. Managed numerous projects that included the establishment of work 
breakdown structures, budgets, and alignment of resources.  

• Consultation – Served as an internal consultant and facilitator to University of Michigan’s 
campus and hospital staff and faculty (i.e., staff size = 30,000) in the areas of: needs assessment, 
survey design, pre- and post-evaluations, market planning, curriculum planning, and web-
based learning. Received university executive level recognition for the utilization of a self-
designed curriculum planning process as a result of a consult for the College of Engineering. 

• Marketing and Business Development – Developed and implemented market plans, research, and 
strategies. Created a mass web-based survey that reached 3,000 staff and achieved a 44% response rate. 
Conceived, developed, and executed all graphic design and artwork for promotional communications 
(print- and web-based) for six years. Coordinated the development, design, and maintenance of two 
University of Michigan professional development web sites. Write and edit grants and request for 
proposals to obtain funding for new projects from fee-based clients and foundations. 

Publications 

Contributing Author/Editor, Networking for Talent, Sponsored by C.S. Mott Foundation and Corporation for 
a Skilled Workforce, April 2007. 
Contributing Author/Editor, Reflecting on Reshaping Michigan’s Workforce Strategy: Lessons for State 
Policy Change Efforts, Sponsored by C.S. Mott Foundation and Corporation for a Skilled Workforce, 
October 2007. 
Contributing Author/Editor, Health Care Industry Knowledge Development Guidebook and Advanced 
Manufacturing Industry Knowledge Development Guidebook, Sponsored by C.S. Mott Foundation, 
Department of Labor and Economic Growth, and Corporation for a Skilled Workforce, December 2006. 
Author, Online and Traditional Environments: Learning through Interaction, University of Michigan 
Masters Thesis, 2002 

Education 

Master of Arts in Technology-Mediated Education, 2002, University of Michigan 
Bachelor of Business Administration in Marketing (cum laude), 1991, Eastern Michigan University 



JAMES STEVEN FAIRWEATHER
416 ERICKSON HALL

EDUCATIONAL ADMINISTRATION
MICHIGAN STATE UNIVERSITY

EAST LANSING, MI 48824
517-353-3387 (telephone)

517-884-1392 (FAX)
E-mail: fairwea4@msu.edu

PROFESSIONAL PREPARATION

1973 Michigan State University, Justin Morrill College. B.A. with Highest Honors (Major: Higher Edu-
cation, Minor: Experimental Design/Statistics) [Honors: Phi Beta Kappa, Phi Kappa Phi, Honors 
College]

Stanford University.   Ph.D. in Higher Education (Minor: Institutional Research/Statistics).

APPOINTMENTS

2008 University of Tampere (Finland)/University of Oslo (Norway).  Erasmus Mundus Visiting Pro-
fessor, Higher Education Program.

2004 University of Tampere (Finland).  Fulbright Scholar, Higher Education Group. Appointed Docent 
(Adjunct Professor) in 2005.

1997- Michigan State University.  Dr. Mildred B. Erickson Distinguished Chair in Higher, Adult and 
Lifelong Education (2008- ). Director, Center for Higher and Adult Education.

1985- Penn State University, Center for the Study of Higher Education.  Professor and Senior
1996 Scientist (1996), Associate Professor and Senior Research Associate (1989-1996), Assistant Pro-

fessor and Research Associate (1985-1989). Higher Education Program: Professor-in-Charge 
(1994-1996).

1994 University of Twente (the Netherlands), Center for Higher Education Policy Studies.  Visit-
ing Professor.

1977- SRI International (formerly Stanford Research Institute).  Program Manager, Education and
1985 Human Services Research Center (1982-1985), Senior Education Researcher (1977-1981).

1976- Northwestern University. Assistant to the Dean, College of Arts and Sciences.
1977

RELEVANT PUBLICATIONS

1. Fairweather, J. Linking Evidence and Promising Practices in STEM Undergraduate Education. 
National Academy of Sciences (NAS) White Paper (2008).

2. Fairweather, J., and Paulson, K. "The Evolution of Scientific Fields in American Universities: Dis-
ciplinary Differences, Institutional Isomorphism." In Cultural Perspectives in Higher Education, ed. 
J. Valimaa and O. Ylijoki (pp, 197-212). Dordrecht: Springer, 2008. 

3. Fisher, P., Zeligman, D., and Fairweather, J. Self-assessed Student Learning Outcomes in an En-
gineering Service Course. International Journal of Engineering Education. 21 (2005): 446-456.

4. Fairweather, J. Beyond the Rhetoric: Trends in the Relative Value of Teaching and Research in 
Faculty Salaries. Journal of Higher Education 76 (2005): 401-422. 

5. Fisher, D., Fairweather, J., and Amey. M. Systemic reform in undergraduate engineering educa-
tion: The role of collective responsibility. International Journal of Engineering Education 19 
(2003): 768-776.

6. Fairweather, J., and Beach, A. Variation in Faculty Work within Research Universities: Implica-
tions for State and Institutional Policy. Review of Higher Education 26 (2002): 97-115.

7. Fairweather, J. The Mythologies of Faculty Productivity: Implications for Institutional Policy and 
Decision-making. Journal of Higher Education 73 (2002): 26-48. 



8. Fairweather, J. Faculty Work and Public Trust:  Restoring the Value of Teaching and Public Serv-
ice in      American Academic Life. Boston: Allyn & Bacon, 1996.

9. Fairweather, J. and Paulson, K. "Industrial Experience: Its Role in Faculty Commitment to Teach-
ing."  Journal of Engineering Education 85 (July 1996): 209-216.

10.Fairweather, J., and Paulson, K. "Teaching versus Research: Implications for Undergraduate En-
gineering Education." International Journal of Engineering Education 8 (1992): 175183.

SYNERGISTIC ACTIVITIES

1. National Science Foundation.  “Center for the Integration of Research, Teaching, and Learn-
ing.”  2003-2009. Co-Principal Investigator and Director of Research, Evaluation, and Dissemina-
tion for the first NSF Post-secondary Center on Learning and Teaching. The focus of the center is 
to prepare the future generation of science, mathematics, and engineering faculty to make better 
use of effective teaching practices, and to institutionalize and disseminate effective strategies. 

2. Accreditation Board for Engineering and Technology. “Engineering Change: A Plan for the 
Evaluation of EC2000.”  2002-ongoing. Principal consultant of a longitudinal study to evaluate the 
effects of new accreditation criteria in promoting curriculum reform and improved instructional 
strategies on post-secondary engineering programs. 

3. General Electric Fund.  “New Engineering Curriculum for the Twenty-first Century.”  1998-2002.  
Co-Principal Investigator of a project to develop, implement, evaluate, and disseminate innovative 
instructional approaches for core engineering science courses.

4. Office of Educational Research and Improvement, U. S. Department of Education.  "En-
hancing Faculty Contributions to Learning Productivity."  1996-2001. Co-Principal Investigator of a 
three year study to examine the various roles of faculty in encouraging student learning and to 
identify policy recommendations for academic departments to increase learning productivity 
through changes in faculty attitudes and behavior.

5. National Science Foundation.  "Engineering Coalition of Schools for Excellence in Education 
and Leadership (ECSEL):  The Renewal of Engineering Education and Its Infrastructure" (ECSEL 
University Consortium:  Penn State University, City College of New York, Howard University, MIT, 
Morgan State University, University of Maryland, University of Washington).  19902001.  Co-
Principal Investigator (evaluation) for the ECSEL coalition (while at Penn State).  Principal con-
sultant after moving to Michigan State.  ECSEL focused on improving undergraduate engineering 
education with particular emphasis on underrepresented groups of students (minorities and 
women). 

COLLABORATORS AND OTHER AFFILIATIONS

Collaborators
Dr. Lisa Lattuca, Center for the Study of Higher Education, Penn State University (faculty member)
Dr. Patrick Terenzini, Center for the Study of Higher Education, Penn State University (faculty member)
Dr. P. David Fisher, Electrical and Computer Engineering, Michigan State University (faculty member re-
tired)
Dr. Robert Mathieu, Astronomy, University of Wisconsin-Madison (faculty member)

Graduate Advisor
Dr. Lewis Mayhew, School of Education, Stanford University (deceased)

Thesis Advisor 
Supervised 24 Ph.D. recipients during academic career.  
Two most recent (within five years):

Hernandez, Jeremy. “Examining the Value Faculty Search Committee Chairpersons Place on Formal 
Teacher Training in the Science, Technology, Engineering, and Mathematics Fields: A National 
Study.” Ph.D. 2007.

Poulios, Steven.  "Academic Success in College General Chemistry."  Ph.D. 2005.
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EDUCATION Master of Arts Degree in Organizational Management, Spring Arbor University 
Master of Arts Degree in Higher Education, Department of Planning, Policy and Leadership Studies, School 
of Education Executives, University of Iowa 
Bachelor of the Arts in Anthropology and Honors in African American World Studies,  

  University of Iowa 
  Certified Manager, Institute of Professional Certified Managers, James Madison University  
 
EXPERIENCE 
  
 Sr. Policy Associate: Corporation for a Skilled Workforce, Ann Arbor, Michigan  (2008-present). 
 Business and Industry Strategies Team. 

Bring effective workforce development strategies to scale through employer engagement and innovative services to 
support the growth of existing and emerging industries. 

• Shape innovative work and learning policies and practices around targeted sector strategies. 
• Bring effective industry and employer-based workforce strategies to scale. 
• Project management, sales, marketing, and product and services creation and development. 
• Identify strategic partnerships and effective products and services to support the growth of existing, 

emerging, and transforming industries. 
 

 Business Unit Leader/Director: Cascade Engineering, Grand Rapids, Michigan  (2007-2008). 
 Quest Sustainable Solutions, a Division of Cascade Engineering. 

Guide and grow the Unit's profitability through consulting and training services. Direct the development of new and 
improved services and markets through consistent leadership and management of customer relationships. 

• Engage with prospective clients, assess their needs, and design innovative solutions that produce 
significant improvements in triple bottom line performance. 

• Conduct training, assessment, and consulting, develop curriculum and presentations in the areas of 
diversity management, environmental sustainability, corporate culture and leadership development. 

• Direct the work of 3 senior level principles, and 1 administrative assistant. 
• Responsible for all aspects of daily operations, leading sales strategy, meeting and measuring performance 

to financial plan, evaluating effectiveness of strategic plan, co-developing marketing materials, and 
monitoring staff growth and capacity. 

 
Manager, Social Investment: Cascade Engineering, Grand Rapids, Michigan  (2001- 2007). 

 Office of the Chairman and CEO and Department of Business Services, Human Resources Development. 
Manages business, government, education, and community projects; including philanthropic initiatives focused on 
sustainable business, community development, and empirical research. Represents the Office of the Chairman and 
CEO.  Facilitate company training and orientation.  

• Engaged with State officials to influence workforce training and development policy. 
• Project manager for various public-private collaborations that focused on retention and advancement. 
• Facilitated corporate training and orientation in conflict resolution, diversity awareness, and retention. 
• Company diversity champion, led initiatives in an employee mentoring and career assistance program, 

analyzed employee demographics, and workforce diversity policy recommendations. 
• Managed million dollar donor advised fund in conjunction with the Kellogg Foundation. 
• Chaired Corporate Contributions Committee, managing over quarter million dollar budget, evaluated 

proposals, created RFPs, measured program outcomes, provided technical assistance to non-profits. 
 
Assistant Director of Career Services: Hope College, Holland, Michigan  (2000- 2001). 

 Office of Career Services, Division of Student Development. 
• Developed curriculum and taught a First Year Seminar course to freshman students. 
• Hired, trained, supervised, and evaluated 6 Career Advisors. 
• Initiated employment contacts with local and national employers. 
• Presented workshops addressing career exploration and graduate school planning and preparation.  
• Coordinated 4 major career fairs along with several Welcome Week activities and student Visitation Days. 

 



BIOGRAPHICAL SKETCH 
 

Mark Jenness, Ed.D. 
Principal Investigator 

 
Professional Preparation 
 
1987-90    Western Michigan University, Kalamazoo, MI--Ed.D. in Educational Leadership 
1986-87    Western Michigan University, Kalamazoo, MI--M.A. in Educational Leadership 
1983-85    Nazareth College, Kalamazoo, MI--B.S. degree, Michigan Teaching Certificate  

(K-8, 9th grade science)  Liberal arts, teaching methods 
1964-66  Michigan State University, East Lansing, MI--Biology, botany, zoology, educational 

psychology 
1963-64    Jackson Community College, Jackson, MI--A.S. degree--Liberal arts, general  

studies, zoology, botany, ornithology, chemistry, physics 
 

Appointments 
 
1998/Present Director and Senior Research Associate--Science and Mathematics Program 

Improvement (SAMPI), Mallinson Institute for Science Education, Western Michigan 
University 

1993/1998 Co-Director and Senior Research Associate--Science and Mathematics Program 
Improvement (SAMPI), Tate Center for At-Risk Students and Department of Science 
Studies, Western Michigan University 

1989/1993  Research Associate, Evaluation Center, Western Michigan University 
1993/1998  Program Associate, Center for Science Education, Western Michigan University 
1991/Present Adjunct faculty positions--science education, environmental education, educational 

research and evaluation, Western Michigan University 
1986-1992  Part-time Instructor--science education, Northern Michigan  
   University; environmental science, Nazareth College, Kalamazoo, MI 
1965-1986  Education Director and Teacher, Kalamazoo Nature Center, Kalamazoo, MI 
 
Selected publications related to proposed project 
 
• Draze, D. and Jenness. M (1997)  Needs Assessment Tool Kit 
• Jenness, M. and Barley, Z.A. (1995).  Using cluster evaluation in the context of science education reform.  New 

Directions for Program Evaluation.  Jossey-Bass:  San Francisco. 
• Barley, Z.A. and Jenness, M. (1993).  Cluster Evaluation:  A method to strengthen evaluation in small programs with 

similar purposes.  Evaluation Practice, June 1993. 
• Barley, Z.A. and Jenness, M. (1995)  Conceptual underpinnings for program evaluations of major public importance:  

Collaborative stakeholder involvement.  National Science Foundation Footprints Project. 
 
Selected Publications--other 
 
• Jenness, M. et al (2005) Impact of Physics for Elementary Teachers Curriculum on Participating Pre-Service and 

In-Service Teachers 
• Jenness, M. et al (1998, 2000, 2003)  A System for Observing Science and Mathematics Lessons 
• Jenness, M. et al (2001) An Evaluation Report on the Progress of the Michigan Middle School Mathematic Project 
• Jenness, M. et al (2003) Summative Evaluation Reports on the Detroit Annenberg Challenge 
• Jenness, M. et al (2001, 2002, 2003, 2004) Annual Evaluation Report on Project TELL--A U.S. Department of 

Education Technology Challenge Grant 
• Jenness, M.  (1998)  Final Report of the Midland, MI Public Schools Local Systemic Change Project in Science 



Synergistic Activities 
 
1) Development of an observation system to help teachers meet highly qualified status (2003-present) 
2) Lead Evaluator on Physics for Elementary Teachers NSF-funded materials development project and impact study 
3) Lead Evaluator of the Detroit Annenberg Challenge—Schools of the 21st Century Initiative (1997-2003) 
4) Development and implementation of lesson observation system for use in school improvement, lesson 

assessment, mentoring, and professional development (1998-present) 
5) Evaluation and technical assistance to a U.S. Department of Education Technology Challenge Grant Program in 

Michigan's Upper Peninsula (1999-2005) 
6) Consultant to National Science Foundation project to identify alternative approaches to evaluation of science and 

mathematics education projects (1992) 
 
 
Recent Collaborators and Other Affiliations 

Collaborators 
 
Chambers, Dr. Juanita – Detroit Public Schools 
Cobern, Dr. William – Western Michigan University 
Ebenezer, Dr. Jazlin – Wayne State University 
Ginsberg, Dr. Leonard -- Western Michigan University 
Goldberg, Dr. Fred – San Diego State University 
Goldsmith, Dr. Lynn – EDC, Cambridge, MA 
Kline, Dr. Andrew – Western Michigan University 
Laing, Dr. Robert -- Western Michigan University 
Libbee, Dr. Michael – Central Michigan University 
Meyer, Dr. Ruth Ann -- Western Michigan University 
Pearl, Dr. Dennis – Ohio State University 
Smith, Dr. Catherine – Michigan Department of Education 
Tsang, Dr. Edmund – Western Michigan University 
Zibuck, Dr. Regina – Wayne State University 
 
 
Graduate and Post Doctoral Advisors 
 
Dr. James Sanders (retired), Western Michigan University 
Dr. George Mallinson (deceased), Western Michigan University 
Dr. Patrick Jenlink 
 
Thesis Advisor  
 
Walter DeBoer, Linda Goosen, Marcia Weinhold, Danielle Maurer, Penny Larsen, Tony Rice 
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Louise A. Paquette 
Lansing Community College 

Mathematics/Computer Science Department 
 

Professional Preparation 
 BA in Mathematics Education with a minor in business, Michigan State University, 1969  

 MAT in Mathematics Education with a minor emphasis in Computer Science, Michigan State University, 
1978 
EdS in Curriculum and Instruction with a minor emphasis in Systems Science, Michigan State University, 
1982 

 
Appointments

Sum 1983 – present  Mathematics professor at Lansing Community College (full-time since January 2000) 
Sept 1994 – present Coordinator of the 2+2+2 Engineering Program.  Responsibilities include:  academic 

advising, mentoring, monitoring progress, tutoring, arranging tours, orientations, and 
meetings. 

Jan 97 – present Coordinator of the Liberal Studies Divisional Awards 
Jan 95 – present Title III Academic Advisor 
Fall 96,97,98,99 Professor at Lyman Briggs College, Michigan State University 
Spring 94   Visiting Instructor, Mathematics Department, Michigan State University 
Sept 82 – Dec 85   Assistant Instructor, Mathematics Department,  Michigan State University 
Sept 76 – Jun 82 Graduate Assistant, Mathematics Department, Michigan State University  
Sept 69 – Jun 75 High school mathematics/computer science teacher for L’Anse Creuse Public 

Schools, Mt Clemens, MI 48043 
 

Presentations  
2006-present Presented at departmental seminars.  Topics:  MATLAB, Geometer’s Sketchpad, TI-Nspire 

calculator/software 
Fall1996 Demonstrated the capabilities of the TI-092 graphing calculator to mathematics faculty.  I 

continued to meet with some faculty throughout Spring 1997 to continue the discussion 
about the calculator. 

July1995 Presented “Use of the Graphing Calculator in the Classroom” at the Liberal Studies 
Division Sharing Meeting at LCC.  I also conducted a Professional Development Workshop 
for the LCC Science Department on use of the TI-82 graphing calculator. 

Sept1994  Conducted a Professional Development Meeting for the LCC Mathematics Department on 
the features of the TI-82 graphing calculator. 

Mar1976 Co-presented a demonstration of the tutorial algebra computer program I co-wrote at the 
NCTM Detroit meeting. 

April1975 Co-presented a talk and demonstration of the tutorial algebra computer program I co-wrote 
at the CBI Expo, Macomb Intermediate School District. 

 
Synergistic Activities
NSF-722221 Computing and Undergraduate Engineering: A Collaborative Process to Align Computing 
Education with Engineering Workforce Needs (CPACE). Principal Investigator at Lansing Community College 
an NSF grant to Michigan State University, Lansing Community College, and Corporation for a Skilled Workforce of 
$474,859 over two years, Sep 2007- Aug 2009. This two-year NSF grant is designed to develop a collaborative process 
to bring higher education and industry together to understand each other’s needs in computing education, and then to 
begin to identify creative strategies to transform that education.   
 
NSF 0757020 EEES: Engaging Early Engineering Students to Expand Numbers of Degree Recipients (LCC 
co-PI) $2,499,293  7/1/2008-6/30/2013  EEES is aimed at increasing retention in the undergraduate 
engineering programs through four interventions: (a) supplemental instruction; (b) a program connecting 
faculty to students; (c) course linkages; and (d) early diagnostics/interventions to provide help for students 



Jing Wang 
5300-MCS 

Lansing Community College 
PO Box 40010 

Lansing, MI 48901-7210 
(517) 267-5965 
wangj@lcc.edu 

 
 

 (a)  PROFESSIONAL PREPARATION: 
• University of North Texas Math Ph.D. 1991-1994 
• Michigan State University Math MS 1987-1990 
• Capital Normal University, Beijing, China Math BS 1979-1983 
 

 (b)  APPOINTMENTS:  

• Summer 96–Present: Math Professor, Lansing Community College 
• 2007- Present: Committee member to the College Board for the College Level Examination Program 

(commonly referred to as CLEP) College Algebra Examination. 
• Summer 96–2006: Lead Faculty for the Transfer Program, Lansing Community College 
• Summer 94-Summer 96: Visiting Instructor, at Michigan State University 
 

(d)  SYNERGISTIC ACTIVITIES:   

 
• Collaborated with faculty members in the math department to develop and update the departmental 

uniform final review sheets and final exams for College Algebra and Calculus courses. Conducted the 
Round Table Discussion entitled: College Algebra or Precalculus – Directing Our Students down 
the Right Path at the 2007 Michigan Section MAA and MichMATYC Meeting, May 4-5 at UM-
Dearborn. 

• Conducted numerous independent studies to encourage and prepare talented LCC students to 
continue their graduate studies in Math, Engineering, Physics, or Compucter Science at 4-year 
universities. Sent more than 10 LCC math students to MSU, UM, CMU, and MTU to continue their 
graduate study in math, physics, or engineering in the past 6 years.   

• Collaborated with physics professors in the Science Department at LCC to bridge the gap between 
math courses and physics courses. Presented a talk entitled: Bridge the Gap between physics and 
calculus at the MichMATYC 2003 Annual Conference. 

• Incorporate Math history and writing projects in my teaching and learning of calculus sequence. 
• Developed Converge/Derive Computer Projects and Graphing Calculator Projects for Calculus 

Sequence. Conducted computer lab training sessions for Calculus faculty members and students. 
• Supervised and mentored new adjunct faculty members. Responsibilities included: interview new 

adjunct faculty members, organize group meetings and technology workshops, and provide teaching 
experiences and teaching materials, such as the first day handout, sample tests/quizzes and 
Computer/Calculator Projects for new faculty members. 

 
Graduate and Postdoctoral Advisors 
 
• Chief Ph.D. Thesis Advisor: Dr. R. Daniel Mauldin, University of North Texas 
• Graduate Advisor: Dr. Jeanne Wald, Michigan State University 
 



Thomas F. Wolff, Ph.D., P.E. 
 
Associate Dean for Undergraduate Studies 
College of Engineering 
Michigan State University 
1410 Engineering Building 
East Lansing, MI 48824-1226 
 

517-355-5128 
wolff@egr.msu.edu  
http://www.egr.msu.edu/~wolff 
 

 
Professional Preparation 
 
B.S., Civil Engineering, University of Missouri - Rolla, June 1970  
M.S., Civil Engineering (Geotechnical), Oklahoma State University, August 1974 (T. Halliburton) 
Ph.D., Civil Engineering (Geotechnical), Purdue University, May, 1985 (M.E. Harr) 
 
Appointments 
 
Michigan State University, East Lansing, MI  
Associate Dean for Undergraduate Studies, August 1998–Present  
Associate Professor of Civil Engineering, 1991–Present  
Assistant Professor of Civil Engineering, 1986–July 1991  
 
Washington University, Saint Louis, MO 
Affiliate Professor of Civil Engineering , 1984–1985  
 
U.S. Army Corps of Engineers, Saint Louis District 
Geotechnical Engineer, 1970–1985  
Student Engineering Aide, 1967–1970  
 
Registered Professional Engineer, Missouri, since 1975.  
 
Selected Publications – Related to Proposal 
 
Buch, N., and Wolff, T.F. (2000), "Classroom Teaching through Inquiry," ASCE Journal of Professional Issues in 
Engineering ,July, 2000.  
 
Zmich, R., and Wolff, T. F. (2001) "The ROSES Program at Michigan State University: History and Assessment," 
American Society for Engineering Education, Annual Meeting, Albuquerque, NM, June 2001. (referreed). 
 
Wolff, T. F. (1995), Spreadsheet Applications in Geotechnical Engineering, PWS-Kent, Boston, 1995 
 
Selected Publications – Other 
 
Seed, R.B., Nicholson, P.G., … Wolff, T.F., (22 authors) (2005), Preliminary Report on the Performance of the New 
Orleans Levee Systems in Hurricane Katrina on August 29, 2005. Joint report of teams from ASCE and the 
University of California Berkeley. Berkeley report No. UCB/CITRIS – 05/01, November 17, 2005. Report was 
submitted to the U.S. Senate Committee on Homeland Security and Committee on Environment and Public Works. 
  
Henderson, J.J. Crum, J.R., Wolff, T.F., and Rogers, III, J.N.. (2005) "Effects of Particle Size Distribution and 
Water Content at Compaction on Saturated Hydraulic Conductivity and Strength of High Sand Content Root Zone 
Materials. Soil Science, 170(5):315-324, May 2005 
 
Wolff, T. F., Hassan, A., Khan, R., Ur-Rasul, I., and Miller, M. (2004), "Geotechnical Reliability of Dam and Levee 
Embankments," Report ERDC/GSL CR-04-1, U.S. Army Engineer Research and Development Center, Vicksburg, 
MS, September 2004. (Originally written in 1995, but unpublished). 

http://www.asce.org/static/hurricane/team.cfm
http://www.asce.org/static/hurricane/team.cfm


Chang, C.-M., Baladi, G. Y., and Wolff, T.F. (2001), "Using Pavement Distress Data to Assess the Impact of 
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Synergistic Activities 
 
Associate of Engineering for Undergraduate Studies, since 1998. Responsible for all aspects of undergraduate 
education services, with relevant duties including curriculum planning and development, oversight of academic 
advising, recruiting, retention, and enrollment management. 
 
Michigan Louis Stokes Alliance for Minority Participation (MI-LSAMP). Joint project with University of Michigan 
(lead), Western Michigan, and Wayne State University. Lead co-PI for Michigan State University. $2,580,680 over 
five years; MSU allocation $544, 511 October 2005-2010. Project to retain and graduate increased number of 
underrepresented minority students. 
 
Organizer and Session Chair, ASEE Undergraduate Associate Deans’ forum, 2003-2006. Convening of national 
engineering Associate Deans to discuss relevant trends in engineering education. 
 
 
Persons collaborated with in past 48 months. 
 
M. Al-Hussaini, U. S. Army Corps of Engineers 
Neeraj Buch, Michigan State University 
James Crum, Michigan State University 
Ed Demsky, U.S. Army Corps of Engineers 
J. Michael Duncan, Virginia Tech 
Chris Groves, Shannon and Wilson 
Les Harder, California Department of Water Resources 
Jason Henderson, University of Connecticut 
J.N. (Trey) Rogers, Michigan State University 
Raymond Seed, University of California, Berkeley 
George Sills, U.S. Army Corps of Engineers 
Jerry Thompkins, Wayne State University 
Levi Thompson, University of Michigan 
Edmund Tsang, Western Michigan University 
Aurles Wiggins, Michigan State University 
 
Individual’s own graduate advisers 
 
M.S., Oklahoma State, 1974, T.A. Halliburton 
Ph.D., Purdue, 1985, M.E. Harr 
 
M.S. and Ph.D. Student advisees last five years -- none 
 
 
 



Facilities

1. Laboratory (General Computing Labs) - Computer Laboratories for Student Use at 
Michigan State University and Lansing Community College 

CPACE II is inherently a project that comes down to students learning better computing practice and 
concepts applied to authentic disciplinary problems. Thus computing laboratories are an important 
facility for successfully executing the proposed project.

Each of the target classes has available university computing laboratories at MSU and LCC. 
Undergraduate student mentors likewise will use general university computing laboratories for de-
veloping problem sets for the target classes. The computing facilities and laboratories at LCC include 
all tools that would be necessary for the engineering bound transfer students. At MSU, software pack-
ages are available in public laboratories for all intended target modules.

2. Clinical

There are no clinical facilities to be used on this project.

3. Animal

There are no animal facilities to be used on this project.

4. Computer

4.1. Web eInstruction Facilities

To support the utilization of web based tutorials and help session, MSU has a dedicated 
server to support these materials. This server is a RAID 1, dual core, 3 GHz machine, and will 
be fully adequate for our needs. We have a full array of the web development software we 
will need for making and editing screen movies – which will be the staple for augmenting 
materials that will support the new instructional modules. The software includes a suite of 
eInstruction tools from Adobe. In addition, electronic office hours/HELP will be imple-
mented using an Adobe Connect server made available to us by the College of Engineering. 

4.2. Cluster Computing Facilities

In the College of Engineering at MSU we will have available two cluster computers for use as 
appropriate in target classes. One cluster is a large, research oriented, and state of the art clus-
ter machine. The other is more oriented to instructional purposes. Both include the MATLAB 
Distributed Computation Toolbox (DCT) and Engine to enable students to develop distrib-
uted and parallel programs in MATLAB. We will be leveraging this capability by have seg-
ments of our MATLAB Web Resource focus on the DCT.  We have not at this point targeted 
the use of the cluster computers in our target classes, but as we develop specific modules for 
class use, if we have need for high throughput computing, we have available the clusters.

CPACE II: Implementing Constituency-Driven Curricular Change that 
Integrates Computational Thinking Across Engineering Disciplines

MSU, LCC, WMU, CSW  Response to NSF RFP #09-528, CPATH



5. Office

All research team members on this project are in standard office space for MSU or LCC. All are outfitted with 
phone, internet, … 

6. Other

Other than the items listed above, there is no other facility of MSU/LCC which will be leveraged on 
this project. 

7. Major Equipment

There is no major equipment required for this project. We do have available the cluster computer as 
noted above should we find a leveraged topic for its use. The physical location of the clusters is in the 
Engineering Building, MSU. Student use would be by remote access via the internet.

8. Other Resources

The CPACE II project includes three subcontractors as noted in the proposal: Lansing Community Col-
lege, Western Michigan University (SAMPI), and the Corporation for a Skilled Workforce. Also as 
noted in the proposal, there is one consultant who will be part of our project team: Dr. Joe Turner.

We will have available administrative support to assist with activities such as scheduling meetings 
and meeting rooms, and organizing industrial board meeting logistics. 

CCLI 2007 Phase 1 Proposal: Establishing Pervasive Computing as a Model for Curricular Reform

MSU & LCC Response to NSF RFP #07-543: CCLI Page 2 of 2



Feedback Loop Back to Industry - CPATH CB Initial Project

The core part of our CPATH CB initial project was in data gathering and 
analyses with a cross section of engineering businesses in Michigan and 
the midwest. 

The following is a report back to business on the findings of our surveys 
and interviews. Following are:

• an executive summary and
• the full report.



Aligning Computing Education 
with Engineering Workforce Needs

Engineering Education and  
Workforce Skills Context

Industries and educational institutions across the country are 
experiencing huge workforce and economic challenges posed by a 
global economy. Skill requirements of jobs at all levels are chang-
ing rapidly, particularly in the science, technology, engineering, and 
mathematics (STEM) disciplines. This often translates into a need 
for advanced knowledge in a single science, engineering, or math-
ematics discipline, knowledge in a computational discipline, and the 
ability to apply new computational methods and concepts to solve 
problems. These rapid workforce and economic changes present 
challenges to job seekers, employers, educators, and workforce and 
economic development professionals. 

 In response to these economic conditions and computational 
needs, a two-year project was funded by the National Science 
Foundation (NSF) in the summer of 2007 called CPATH CB: 
Computing and Undergraduate Engineering: A Collaborative 
Process to Align Computing Education with Engineering Workforce 
Needs (CPACE) (http://cpace.egr.msu.edu). The CPACE project 
brings together Michigan State University (MSU) in partnership 
with Lansing Community College (LCC) and the Corporation for 
a Skilled Workforce (CSW), in a process to transform undergradu-
ate computing education within engineering fields. This trans-
formational collaborative process is intended to engage business, 
education and workforce stakeholders to identify the computational 
knowledge and skills that are essential for an engineering workforce 
in the 21st Century. By computational knowledge and skills, we are 
referring to the background needed by the engineering workforce 

who uses computers to help analyze and solve technical problems, 
design and test engineered artifacts, and model complex systems in 
the engineered world. The long-term goal of this effort is to increase 
communication between academic institutions and employers that 
will lead to better education for employees and greater information 
sharing and knowledge brokering. We hope that these efforts will 
lead to employees better prepared in the areas of computational 
problem-solving, independent thinking, creativity, and innovation. 
This report is intended to serve as feedback to the businesses that 
participated in the study as well as provide information to other 
businesses, industry groups, and the public at large.

Data 
To identify the workforce computational skills the CPACE research 
team conducted interviews with 28 small to large public and private 
employers across various industries within Michigan and surveyed 
181 employees working in these companies. The companies were 
selected to represent the business sectors, size and workforce distri-
butions of a couple Michigan regions.

Findings
The data were analyzed to identify key issues that reflect the state of 
engineering and the talent pipeline related to the changing nature of 
engineering work and talent expectations. Our findings echo those 
expressed in the well known volume, The Engineer of 2020: Visions 
of Engineering in the New Century, published in 20045, by the 
National Academy of Engineering (NAE). This alignment indi-
cates that our sample is reliable and that the results of our research 
on computing in engineering should be applicable to the national 
workforce. More detail about these findings and others are described 
further in the full report.

Core Jobs in Engineering are Changing
Workforce issues (recruiting, hiring and retaining talent) resonated 
as a critical engineering challenge - not just a human resource chal-
lenge. Throughout our research, employers consistently voiced their 
increasing expectation and desire for engineers who think holisti-
cally, irrespective of his or her engineering disciplinary training. 
This shift to a “holistic” engineer represents a fundamental shift 
in employer expectations. A second fundamental change over the 
last decade is the explosion of software which is changing both the 
computational and business nature of engineering work. 

2009 EXECUTIVE SUMMARY | BUSINESS AND INDUSTRY REPORT



Talent Expectations
Our review of the data revealed several common – non-computa-
tional and computational – skill sets that employers expect of their 
engineering workforce. 

Non-Computational Skill Set
•	 Soft skills highly valued. While key engineering skills and 

practices remains essential, employers and employees alike 
articulated the critical business imperative of interpersonal skills, 
communication and teamwork, what we term loosely here as 
“soft skills.” In fact, needing interpersonal skills and/or general 
management skills emerged as one of the most common skill sets 
employees mentioned as an attribute they need to be successful 
in their job and one which they felt was not part of their formal 
educational experience. 

•	 Increasing	use	of	adaptive	thinking.	Similarly, employers expect 
their employees to engage in what we call “adaptive thinking.” 
This perspective involves critical thinking, innova-
tive thinking, and problem solving to conceptualize 
solutions or to determine root causes. 

•	 Understanding	the	business	context. Successful 
engineers, no matter their position in the company, 
enhance their productivity when they understand 
key business principles. 

Computational Thinking Skill Set
For purposes here, we define computational thinking 
as using computers to analyze, design, model, prob-
lem solve, or make decisions as part of engineering 
practice. We categorized the computational skills uncovered in the 
research into four categories: 
•	 Translate	between	conceptual	and	operational.	The skills and 

mindset associated with adaptive thinking carries over into the 
ability to translate between the virtual and physical world. Suc-
cessful engineers can understand and problem-solve both at the 
operational and conceptual level.

•	 Manage	data	to	make	meaning.	This need to make meaning can 
be characterized as the important skill of data and information 
knowledge management skills. It is vital that engineers are able to 
both collect, organize, analyze and make meaning of the data and 
information and to be able to translate, broker, and share that 
information to others in a meaningful way.

•	 Comfort	with	multiple	software	and	computational	systems. 
Employers and students alike recognize that students will not 
learn, nor can the post-secondary educational system – either 4 
year or 2 year institutions – teach, every software and computa-
tional system currently on the market. The important skill for 
the new engineer is the ability to quickly pick up on the relevant 
systems needed for the job. 

•	 Using	technology	to	increase	business	productivity.	Employees 
and employers discussed the value of using software technologies 
such as virtual meetings, instant messaging, and collaborative 

tools that allow for real-time input on a global scale, to drive 
business productivity. In many firms, Microsoft Excel is consid-
ered a fundamental computational tool, mentioned more often 
than engineering specific software programs. 

Implications and Considerations
Our findings revealed that the changing nature of engineering work 
and the increased use of software represent a shift in needed com-
putational skills. Employers’ expectations for a more “integrated or 
holistic” engineer, the increasing importance of soft-skills, and the 

need for more project-based experiences in the class-
room have a number of implications for change. Those 
implications and considerations are highlighted in the 
following three broad categories.

Growth of “green” engineering will impact all 
engineering disciplines and employers. 
In addition to the “integrated” or holistic engineer 
concept, the other major engineering shift articulated 
by employers is the shift to “green.” The push by con-
sumers, the public sector and business for sustainable 
products and processes is impacting every industry. The 

implications for educational institutions are quite extensive, ranging 
from developing new curricula, updating curricula, and changing 
behavior. The curricula changes include potential impact on compu-
tational skills, such as new software programs and/or applying engi-
neering principles to new innovations. Likewise, staff and customer 
expectations drive employers to improve both internal manufactur-
ing processes and energy usage patterns. Across the board, these 
industry shifts suggest changing expectations by employers for what 
future hires should know about sustainability affect on computa-
tional engineering practices.

Employer actions to improve the talent pipeline. 
1. Computational	skills.	Deepen and improve the feedback loop 

with curricula committees and faculty on computational skills 
and “adaptive thinking.” This serves multiple purposes: providing 
faculty with real- world problems, providing students with “work 
like” projects, and building the university’s knowledge of the 
“state of the art” trends and issues in various engineering fields. 

2.	 Non-computational	skills.	Strengthen the feedback loop with 
educators about soft skills – both in career services AND in the 
curricula. The package of skills a student brings to a potential 
employer is what counts. 

One absolutely fundamental expectation that came 
through the interview process was employers’ 
expectation that new hires will be able to apply 
basic computational concepts easily in a variety of 
settings.



3.	 Employee	orientation	investment.	Employee turnover is highest 
in the first year of employment. While mentoring is a critical 
first step many companies mentioned using, the more formal-
ized employee orientation processes known as onboarding can 
dramatically improve productivity. 

Universities/Community Colleges actions 
to improve the talent pipeline. 
1.	 Computational	skills.	Project-based learning experiences should 

be embedded in the curriculum throughout all four years of the 
program. Some engineering educators are taking the approach 
of leveraging the knowledge and skills of the computer science 
department to help design real world problems suggested by 
industry for engineering students that emphasize engineering 
principles and computational skills. The result is a project that 
embeds computational skills in the engineering context.  

2.	 Non-computational	skills.	Expanding cross-departmental col-
laboration represents another avenue to develop holistic or 
integrated engineers. Employers’ emphasis on cross-discipline 
or integrated engineers reinforces the idea that engineers should 
have experience with various types of engineering, so that in their 
day to day jobs they can leverage others’ expertise, add to their 
own, or make cross-functional connections. 

3.	 Employer	engagement.	Proactively engaging and learning from 
employers as part of a comprehensive feedback loop can improve 
the fit between student’s knowledge and experience and em-
ployer’s talent expectations. Again, this feedback loop should also 
include faculty as well as career services. 

Conclusion
Our findings reveal that employers a) place a high value on soft 
skills such as communication, project management, and the ability 

to function in a team; b) view “adaptive thinking” – the bundle of 
critical and innovative thinking and problem solving – as a key attri-
bute; c) see trends towards computational globalization which trans-
lates to the need for engineers to understand business practices and 
the importance of integrating engineering data across larger systems; 
and d) place a high value on the ability of engineers to understand 
both engineering and computational principles that allow them to 
use computational tools to solve engineering problems by moving 
between abstractions in software and physical systems. The findings 
paint the picture of the emerging “holistic or integrated” engineer 
who brings core computational skills to his or her engineering work 
and leverages that knowledge within the business context. In many 
ways, the challenges facing the engineering profession are echoed in 
questions related to our overall economic prosperity. For instance, 
how will our workforce address the critical challenges facing all of us 
– decreasing the use of carbon, providing products and services in a 
sustainable way, and innovating new techniques? This question and 
others like it, reveal the fundamental nature engineering plays in 
our economic development. We hope that the results of our research 
showcase a way for educators and industry to come together to 
envision the future of the engineering workforce, and in turn, help 
imagine our future. n

For more details about how you can get involved in 
sustaining this transformative engineering education 
and workforce effort, please go to http://cpace.egr.
msu.edu to obtain a copy of the full report. Principal 
Investigator for CPACE, Associate Dean of Engineering, 
Thomas Wolff, may also be reached at wolff@msu.edu
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The Argument for Integrating 
Engineering Education and Workforce skills 

During an interview with the American Council of Engi-
neering Companies (ACEC) in December 2008, Presi-
dent-elect Obama vowed “to strengthen STEM education” 
through the creation and implementation of a comprehen-
sive education plan. This plan involves the introduction of 
legislation to support a strong STEM workforce through 
the creation of a scholarship to encourage students to get 
into STEM careers. The legislation includes an amend-
ment to the America COMPETES Act, the bolstering of 
the STEM teaching profession through the Teacher Service 
Scholarships, and the $4,000 American Opportunity  
Tax Credit.1

Despite the growing need for higher level STEM skills, 
school-to-work programs are often focused primarily on 
K-12 curriculum reform, with little attention given to 
post secondary education. For example, the Council for 
Excellence in Government held a series of town meetings 
in 2004-2005 on the future of American jobs. While high 
quality public schools were identified as critical to job 
creation and economic development, only 28% of the par-
ticipants prioritized the need for the private sector to work 
with colleges and universities to improve the transition 
from school to work.2

In response to these economic conditions and compu-
tational skill needs, a two-year project was funded by the 
National Science Foundation (NSF) in the summer of 
2007 called A Collaborative Process to Align Computing 
Education (CPACE) with Engineering Workforce Needs 

(http://cpace.egr.msu.edu). CPACE is a community build-
ing project that is also part of broader regional collabora-
tive efforts to transform Michigan’s economy and work-
force. These regional efforts include work being done by 
the Mid-Michigan Innovation Team (MMIT), which is a 
network of community leaders overseeing mid-Michigan’s 
U.S. Department of Labor’s WIRED initiative. MMIT, 
sponsored by the Prima Civitas Foundation, specifi-
cally seeks to transform the region’s largely traditional 
manufacturing-based economy by fostering innovation, 
talent development (particularly in the STEM area), and 
collaboration. 

The CPACE project brings together Michigan  
State University (MSU) (http://www.msu.edu) in  
partnership with Lansing Community College (LCC)  
(http://www.lcc.edu) and the Corporation for a Skilled 
Workforce (CSW) (http://www.skilledwork.org), in a 
process to transform undergraduate computing education 
within engineering and technology fields. Other  
key partners that have informed the direction of this 
project include the CPACE Advisory Board (consists of 
members from business, government, and education),  
and Western Michigan University’s Science and Math-
ematics Program Improvement (SAMPI) division  
(http://www.wmich.edu/sampi/).

This transformational collaborative process (depicted 
in Figure 1) is intended to bring together a wide variety 
of stakeholders—business, community leaders and post 

Industries and educational institutions across the country are experiencing huge work-
force and economic challenges posed by a global economy. Skill requirements of jobs 
at all levels are changing rapidly, particularly in the science, technology, engineering, 
and math (STEM) disciplines. This often translates into a need for advanced knowl-
edge in a single science, engineering, or math discipline, knowledge in a computa-
tional discipline, and the ability to apply new technologies to solve problems. Emerg-
ing industry sectors in the renewable energy area are further amplifying the need for 
individuals educated in the STEM disciplines. These rapid workforce and economic 
changes present new challenges to job seekers, employers, educators, and workforce 
and economic development professionals. 

1 ACEC, December 2008, pp. 14
2 Goldman Sachs, 2006, pp. 11 - 13
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secondary educators—to identify the computational 
knowledge and skills that are essential for an engineering 
workforce in the 21st Century. By computational knowl-
edge and skills, we are referring to how the engineering 
workforce uses computers to help analyze, design, model, 
and make decisions. 

The activities involved in the implementation of this 
process include identifying workforce computational skills 
through interviews and surveys, abstracting computational 
principles represented by the workforce skills, defining 
how these skills can be integrated across a curriculum, and 
developing redesigned curricula that integrates compu-
tational problem-solving with engineering courses. By 
documenting, evaluating, and making each step explicit, 
this process can ultimately serve as a model for national 

efforts to revitalize undergraduate computing education in 
engineering, and should be extensible to other computing 
education reform efforts. 

The model provides a framework that allows stake-
holders to view their needs in the context of the entire 
process. The primary focus of this project is on the nodes 
that are highlighted in green. The various stakeholders 
groups and subgroups involved in the Identify Specific 
Workforce Computational Skills node are highlighted in 
orange. The thick arrows connect the nodes leading to 
Identify Opportunities for Curricular Integration. This 
model envisions a cyclic process with feedback among the 
five major nodes. The shaded node indicates the cur-
ricular implementation process that will be addressed in a 
subsequent proposal. n

figure 1. CPACE Transformation Model 
The model provides a framework that allows all stakeholders to view their needs in the context of the entire process. The pri-
mary focus of this project is on the nodes that are highlighted in green. The various stakeholders groups and subgroups involved 
in the Identify specific Workforce Computational skills node are highlighted in orange. The thick arrows connect the nodes 
leading to Identify opportunities for Curricular Integration. This model envisions a cyclic process with feedback among the five 
major nodes. The blue node indicates the curricular implementation process that will be addressed in a subsequent proposal.
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The long-term goal of this effort is to increase communi-
cation between academic institutions and employers that 
will lead to better education for employees and greater 
information sharing and knowledge brokering. We hope 
that these efforts will lead to employees better prepared in 
the areas of computational problem-solving, independent 
thinking, creativity, and innovation.

In this report we discuss the skill needs of engineering 
employers and employees within the context of demo-
graphics, talent demand, engineering work changes, talent 
expectations, and talent recruitment. We will discuss 
the implications of these results on current and future 
engineering practices, and foreshadow how these data is 
intended to be used over time to inform engineering cur-
ricula change at Michigan State University and Lansing 
Community College. We will also discuss how we will sus-
tain and strengthen the educational-employer partnerships 
that have been established as a result of this collaborative 
endeavor.

This subject matter in this report is intended to serve as 
feedback to the businesses that participated in the study as 
well as provide information to other businesses, industry 
groups, and the public at large. The names of businesses 
and their identifiable product/service lines have been de-
scribed generically throughout this report and will remain 
confidential. 

THE DATA CollECTIon fRAMEWoRK 
& CHARACTERIsTICs
To identify workforce computational skills, the CPACE 
research team conducted interviews with 28 small to large 
public and private employers across various industries 
within Michigan and surveyed 181 employees working in 
these companies. By design, the cohort of companies with 
whom we worked differed in a number of ways, including 
employee size, industry representation, and products and 
services offered. However, all of the companies consider 
engineers as critical to their core business and therefore 
regard engineering as a major talent driver. 

 To identify entry-level engineering occupations and 
industries for targeted research, the research team ana-
lyzed industry and occupational data drawn from the U.S. 
Bureau of Labor Statistics (BLS) Occupational Classifi-
cations (i.e., Upper Mid-West and National levels) and 
the O*NET program, which is the U.S. Department of 
Labor’s primary national source of occupational informa-
tion to select target companies and employees. 

Those occupations included civil engineers, computer 
hardware engineers, electrical engineers, chemical engi-
neers, mechanical engineers, civil engineering technicians, 
electrical engineering technicians, mechanical engineer-
ing technicians, manufacturing engineering technicians, 
and industrial manufacturing technicians. The industries 

The Report

The research presented here is intended to provide foundational data for revising the 
curricula across engineering departments at Michigan State University and Lansing 
Community College. The data will help inform the incorporation of computational 
problem-solving tools within various engineering disciplinary contexts. By making 
these curricula enhancements, engineering graduates will enter the workforce with 
improved and practice-ready computational thinking. According to Jeannette Wing, 
computational thinking “represents a universally applicable attitude and skill set” 
fundamental for everyone.3 Broadly defined, computational thinking involves solving 
problems and designing systems by drawing on fundamental computer science con-
cepts. It is a vital component in the preparation of engineering students who will be 
able to meet the challenges of this global economy. 

3  Jeanette Wing: Computational Thinking, Communications of the ACM, March 2006/Vol. 49, No. 3, p 33 
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had operations only in Michigan while others were large 
multi-nationals with operations throughout the world. 
In almost every case, the companies’ market reach was 
national or international. 

• 8 were Huge (7,000 or more full time employees) 
• 6 were Large (1,000 to 6,999 full time employees)
• 8 were Medium (200 to 999 full time employees)
• 6 were Small (1-199 full time employees)
Given the range of company sizes in the sample, it is 

not surprising that the number of engineers within these 
companies varied widely as well. Some firms have fewer 
than five engineers on staff while others have thousands. 
There was also a wide variety of types of engineering tech-
nicians employed. 

Employee occupational characteristics. Due to the unprec-
edented economic challenges being experienced at the 
time of our research, some of the employers in the motor 
vehicles industry sector asked that their employees not par-
ticipate in the survey process due to low morale as a result 
of the high levels of company layoffs. The employee survey 
response rate was also affected by newly established policies 

Table 1. occupational Representation, national U.s. bureau of labor statistics

 
Engineering Occupational Discipline

Upper Mid-West  
Occupational %

National 
Occupational %

CPACE  
Occupational %

Agricultural / biological / bio-systems 
Engineering

- - 2

Chemical Engineering 2 3 10

Civil Engineering 18 22 45

Computer Engineering 4 7 1

Electrical/Electronics Engineering 22 25 10

Environmental Engineering - - 1

Materials Engineering - - 1

Mechanical Engineering 30 19 16

other, please specify - - 1

Industrial Engineering - - 1

Mechanical Tech 6 4 5

Civil Tech 6 8 7

Electrical Tech 12 14 1

targeted included architectural and engineering services, 
local government, electronic instrument manufacturing, 
state government, motor vehicle parts manufacturing, sci-
entific research and development services, semiconductor 
and electronic component manufacturing, general purpose 
machinery manufacturing, computer systems design; and 
power generation and supply. 

These occupations and industries combined represented 
the following key Michigan State University and Lansing 
Community College engineering disciplines: Applied 
engineering sciences; Bio-systems engineering; Chemical 
engineering; Civil engineering; Computer engineering; 
Electrical engineering; Mechanical engineering; civil engi-
neering technology/technician; Electrical/electronics/com-
munications engineering technology/technician; Industrial 
production technologies/technicians; Mechanical engineer-
ing/mechanical technology/technicians; and Computer 
technology/Computer systems technology.

Size. We interviewed 28 companies with operations 
primarily in Michigan, with the exception of one large 
company that recruits staff in Michigan. Some companies 
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at a couple of large companies that prevented employee 
engagement in non-company sponsored survey activities.

Despite our employee survey participation challenges, 
our employee survey sample proved to be representative of 
the upper mid-west (i.e., Michigan, Ohio, Illinois, Indi-
ana, Minnesota, and Wisconsin) and national labor market 
occupational data drawn from the National U.S. Bureau 
of Labor Statistics, except in a few instances depicted in 
Table 1. For example, the chemical engineering and civil 
engineering representation in our sample was higher than 
the upper mid-west and national occupational data. As a 
result of the economic challenges in the manufacturing 
vehicle industry sector mentioned previously, the CPACE 
mechanical engineering sample representation was a bit 
lower than anticipated compared to the upper mid-west 
occupational data, but 3% higher than the national oc-
cupational representation. 

Industry Representation. Since companies could indicate 
representation in more than one industry, a wide range of 
industries emerged (see Figure 2). The top three were:

• Alternative Energy
• Automotive
• Mechanical

Additional common sectors were:
• Chemical
• Industrial
• Civil
• Biomedical
• Agriculture/Foods
• Aerospace

Other sectors such as environmental, computer software, 
naval and mining and geological were also mentioned. 

EMPloYEE DEMoGRAPHIC 
InfoRMATIon
The demographics of employees in our survey varied 
widely. The most significant variation occurred across age. 
Over one third of sampled employees were under 35 years 
old, meaning their undergraduate experience had likely 
occurred within the last 10-15 years. Half of the sample 
was in mid-career, while a small portion was over 55. See 
Figure 3.

figure 2. Industry Representation
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Gender and racial diversity was similar to national 
trends in engineering—mostly male and mostly white. 
Note, however, that most women in our sample were age 
25-34, reflecting more women entering and staying in 
engineering over the last 30 years (Table 2). All but one of 
the women in the sample was white. 

Interestingly, racial diversity in our sample did not 
reflect this gender age pattern. Only two engineers under 
age 35 were not white; overall, 89% of the sample was 
white. Hispanics were represented at 3% and Asians at 1%. 

Non-whites were represented pretty equally in age groups 
35-44 and 45-55. 

Not surprisingly for this profession, over 40% of the 
sample had schooling beyond a bachelor’s degree. Our 
sample contained a large portion of engineers between 
ages 35-55; additional schooling for this age cohort is not 
unusual. Because we wanted to survey engineering techni-
cians as well as engineers, about 10% of the sample had 
associates’ degrees or vocational school training. n

Table 2. Employee Demographic Distribution of Age, separated by Males & females

Age Males % of Males Females % of Females Total % of Total

25-34 yrs old 44 30 15 45 59 33

45-55 yrs old 39 26 8 24 47 26

35-44 yrs old 40 27 7 21 47 26

55-64 yrs old 19 13 2 6 21 12

under 25 yrs 5 3 0 0 5 3

65 yrs or older 1 1 1 3 2 1

Total 148 - 33 -  181 -
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skill needs 

As mentioned earlier, the overall purpose of the CPACE project is to identify engineer-
ing workforce computational skills (primarily outside the computer science discipline) 
through interviews and surveys with employers and employees that will inform curric-
ular change that integrates computational problem-solving across engineering courses. 

The CPACE research team analyzed the data to identify 
key findings that reflect the state of engineering today and 
the talent pipeline. The findings fall into the major areas 
of: 

• Talent demand
• Changing nature of engineering work;
• Talent expectations; and
• Talent recruitment processes.

Based on the the data, the research team outlined some 
recommendations for employers, future workers and edu-
cators in the areas of: 

• Growth of “green” engineering that will impact all 
engineering disciplines and employers; 

•  Deepening communication loops among employers 
and educators; and

•  Changes to curricula to better meet student/em-
ployer needs.

THE EnGInEERInG ConTEXT
The increasing use of computers for all aspects of engineer-
ing is changing the way people work together. Employers 
increasingly expect their engineers to have both technical 
depth and an holistic perspective about how their engi-
neering work fits with other engineering functions. They 
also expect their engineer employees to understand how 
their work impacts other business functions such as mar-
keting and overall profit and loss. As a result, interpersonal 
skills, project management, and problem solving skills 
continue to be vital areas of expertise that engineers must 
bring to their jobs. 

Hiring Demand 
Even in this economic climate, demand for engineering 
talent from all kinds of disciplines remains strong overall, 

though companies did report through the employer survey 
that their applicant pool is far larger than the number of 
open positions presently. To uncover differences in demand 
for engineers with four-year degrees and engineering tech-
nicians who have two-year degrees, we asked companies 
to predict demand for both types of jobs. A substantial 
number of companies indicated that they have more open 
jobs than applicants in the following areas:

• Computer software engineers
• Electrical engineers
• Mechanical engineers

Areas in which the applicant volume roughly meets the 
volume of open positions are:

• Chemical Engineers
• Material Engineers
• CAD/Design Technician

In the future, employers anticipate their talent demand 
to increase, so that supply will roughly equal demand. The 
areas with the most expected demand in the future are:

• Computer software engineers
• Electrical engineers
• Mechanical engineers
• CAD/Design Technician

broad Engineering Challenges Center on Workforce
While keeping pace with technological change, meeting 
evolving customer expectations and increasing productiv-
ity emerged as broad engineering challenges employers 
face, workforce issues (recruiting, hiring and retaining 
talent) resonated as a critical engineering challenge, not 
just an HR issue. We should emphasize that the focus 
on workforce was constant, irrespective of company size. 
This workforce focus included the talent pipeline and the 
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continued emphasis of soft skills such as interpersonal 
communication and project management.

 As one employer put it: 
“[Our] biggest challenge will be training (and finding) 
the next generation of engineers to take over work of 
baby boomer engineers.” 

Another said: 
“Working globally across cultures, geographies and time 
zones, there is a need to have common computational 
tools and language.”

A third summed it up this way: 
“Problem solving skills, analytical skills, exploiting cur-
rent technology. When these are lacking, our [products] 
fail quality control, which is a huge cost to our bottom 
line.”

Core Jobs in Engineering are Changing
Throughout our research, employers consistently voiced 
their increasing expectation and desire for engineers who 
think holistically, irrespective of his or her engineering 
disciplinary training. This shift to a “holistic”4 engineer 
represents a fundamental shift in employer expectations. 
In practical terms, this attribute is manifested by engineers 
who have cross-discipline knowledge. We are not implying 
the wholesale disregard for engineering disciplines as core 
areas of depth of knowledge. Rather, employers emphasize 
the need for engineers who have a depth of knowledge in 
a discipline but who are familiar with other engineering 
disciplines, the business context, and/or other engineering 
functions. One large manufacturing company calls this 
type of engineer an “integrated engineer.” This company 
defines the skills and attributes of an integrated engineer in 
this way:

• Integrative systems thinking
• Teamwork (teaming and team dynamics)
• Project management
• Organizational change management
• Business knowledge
• Relationship development/building/management; 

knows how to make relationship connections and 
understands the importance of these connections

These engineers differ from “traditional” engineers 
in the breadth and variety of skills sets other than pure 
engineering content. This large manufacturing company 
is not alone in its desire for well-rounded talent. Other 
companies large and small expressed desire for employers 
who could cross functional boundaries, communicate key 
engineering concepts to non-engineers, and who could 
lead teams. 

Our research findings echo those expressed in the well 
known volume, The Engineer of 2020: Visions of Engi-
neering in the New Century, published in 20045, by the 
National Academy of Engineering (NAE). This alignment 
indicates that our sample is reliable and that the results of 
our research on computing in engineering should be ap-
plicable to the national workforce. Our research provides 
an in-depth, on-the-ground perspective of how Michigan 
companies are experiencing global change. More specifi-
cally, our CPACE approach provides a solid approach for 
educational institutions to partner with industry to drive 
curricular change. 

Computational nature of Work Changing
An additional fundamental change over the last decade 
or so is the explosion of software which is changing both 
the computational and business nature of engineering 
work. Employers and employees overwhelmingly indicate 
that this profusion of software has increased productivity, 
thereby reducing lead times, costs, and increasing the abil-
ity of far-flung teams to work together. Figure 4 shows that 
many employees consider software to be a major produc-
tivity enhancer. In particular, productivity improved due to 
improved modeling capabilities, which was in turn linked 
to the ability to try different designs to see how they would 
work. Improved productivity had less to do with improved 
access to data. In addition, employees mentioned that 
software has allowed them to improve modeling and com-
munication. When asked about expected future software 
use, employees said they expected continued emphasis 
on modeling, visualization, computer programming and 
document exchange. 

This growth in software use is mirrored by an overall 
increase in computer use. We asked employees to define 
the ways in which they used computers to analyze, design, 
model or make decisions related to their jobs. We classified 
their responses into various categories, shown in Figure 5:

4 Future of Engineering in the United States National Forum, hosted by Heldrich Center, Harvard University’s Labor and Worklife Program and National 
Bureau of Economic Research, November 17, 2008.
5 The Engineer of 2020: Visions of Engineering in the New Century, published in 2004, by the National Academy of Engineering (NAE) Executive Sum-
mary,  http://books.nap.edu/openbook.php? record _id=11338&page=1



CPACE | 11

figure 4. software Effect on Work

figure 5. The Use of software
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Figure 5 reflects several key points related to the use of 
software:

• Engineers use computer software extensively to do 
their jobs, particularly specific technical software 
such as GeoPak, Microstation and others. In short, 
absent software, engineers could not do their jobs. 

• Effective use of analysis software depends on core 
math skills. One engineer explained it this way: 
“Thorough knowledge of primary mathematics, 
related engineering disciplines like trigonometry, 
calculus, algebra, and physics is needed.”

• Likewise, the category “verify computer correct-
ness” as used in our research captures the idea that 
employees must understand the core engineering 
principles behind the software. In effect, they must 
understand that the computer will not “tell them 
the answer.” As one engineer states: “One must 
understand the fundamentals of electrical engineering 
in order to understand how the software operates and 
outputs data.”

• The high level of importance given to general com-
puter skills reflects the large cohort of our sample 
ages 35-55, many of whom started in the engineer-
ing profession with far less software use. Employees 
commonly referred to learning to use the computer 
to do tasks they previously did by hand, which rein-
forces the related finding that computers have radi-
cally increased productivity. In addition, employees 
mentioned familiarity with common software tools 
such as the Microsoft suite of software. 

• The use of spreadsheets reflects the increased use of 
Microsoft Excel, which is also reflected in the por-
tion of time spent doing computer programming. 
Survey responses in this category reveal that many 
respondents use their knowledge of Visual Basic 
programming language, which allows users to do ad-
vanced calculations in Excel, as opposed to writing 
new software. 

While employees clearly continue to use very specific 
engineering programs such as CAD, the data reveals that 
Excel is a crucial tool for engineers (see Figure 6). 

figure 6. Importance of Different Types of software for Engineering Work
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TAlEnT EXPECTATIons
Our review of the data revealed several common elements, 
both computational and non-computational, that employ-
ers expect of their new talent. Since these expectations all 
build on the idea of a holistic or “integrated” engineer, it is 
not easy to draw out computational skills that are isolated 
from other skills. For the purposes of this report, we define 
translating between the conceptual and operational, man-
aging data, using software and increasing business produc-
tivity as primarily computational skills. We consider soft 
skills to be adaptive thinking and understanding the busi-
ness as primarily non-computational skills. Employers seek 
all of these skills irrespective of company size or industry 
representation. Further, companies expect these skills sets 
to become more important over time, raising implications 
for future engineers and engineering programs. We outline 
several key skill-related trends below. 

non-Computational skill sets
These skills sets reflect attributes needed for career success, 
and are generally less computational in nature. We catego-
rized the non-computational skill sets in three categories.

1. Soft skills highly valued. While key engineering 
skills and practices remain essential, employers and 
employees alike articulated the critical business im-
perative of interpersonal skills, communication and 
teamwork, what we term loosely here as “soft skills.” 
In fact, interpersonal skills and/or general manage-
ment skills emerged as one of the most common 
skill sets employees mentioned as an attribute they 
need to be successful in their job and one which they 
felt was not part of their formal educational experi-
ence. While such skills have always been important, 
they have gained prominence with the increase in 
team project work, increasing virtual and interna-
tional team membership, and increasingly reduced 

lead times for projects. Engineers are also being 
asked to communicate the value of their company’s 
projects to non-technical audiences such as com-
munity stakeholders, environmental advocates, and 
investors. Likewise, increasing globalization means 
that engineers are working with peers and supervi-
sors of various backgrounds and cultures. Implicit 
in successful teamwork are the skills associated with 
valuing and leveraging diversity. 

Commonly mentioned soft (i.e. professional) skills 
include:
• Interpersonal communications
• Effective written communication
• Managing teams
• Resolving conflict
• Working effectively with diverse teams
• Project management
• Systems thinking
• Process management

It must be emphasized here that lack of effective team-
work skills or a lack of soft skills is often a deal breaker 
for companies in offering a position to a candidate. While 
technical skills and knowledge are important, they are an 
expected “given” for employers, and it is in the realm of 
interpersonal skills where hiring decisions often get made. 
The employee survey responses reinforce that employees 
felt that their educational experience did not give them 
enough opportunity to grow these skills they needed for 
job success. 

In addition to expectations that any engineer in any 
core job would require effective soft skills, an additional 
skill set often mentioned by employers and employees 
alike was project management. Project management 

includes understanding overall project objectives, which 
could include deliverables from other departments. Project 
management reinforces the desire for engineering staff to 
understand the business context of the project or product 
they are trying to develop. Many employees mentioned 
project management as a skill set they need in their current 
job which was not part of their engineering curriculum. 

lack of effective teamwork skills or a 
lack of soft skills is often a deal breaker 
for companies in offering a position to a 
candidate.

Interpersonal skills and/or general 
management skills emerged as one of 
the most common skill sets employees 
mentioned as an attribute they need to 
be successful in their job and one which 
they felt was not part of their formal 
educational experience.
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Employers echoed this desire for project management 
skills, not just familiarity with a specific project manage-
ment software program. 

2. Increasing use of adaptive thinking. Similarly, 
employers expect their engineers to engage in what 
we call “adaptive thinking.” This perspective involves 
critical thinking, innovative thinking, and problem 
solving to conceptualize solutions or to determine 
root causes. Employers compared this attribute to an 
unwanted overreliance by engineers on software to 
produce answers. An employee who lacked adaptive 
thinking would input various criteria into a software 
system and rely on the software’s proposed model or 
solution as the correct answer. That employee might 
fail to notice that a critical assumption or constraint 
was missing, or that the model was suggesting an 
answer that was nonsensical or inaccurate. Likewise, 
in using software or control systems that self-diag-
nose problems, an engineer would take at face value 
the software’s diagnosis. In contrast, an adaptive 
thinker would question the software’s assumptions, 
think about the key problem, or integrate seem-
ingly unrelated data into his or her thinking. An 
engineer using adaptive thinking must understand 
the core principles at work. In fact, employees often 
referred to what we call “verifying computer output 
correctness.” This behavior entails double-checking 
simulation outputs, for example, or using Excel to 
give a rough estimate of an expected outcome and 
comparing that to a specific software output.

 

As one civil engineering employee put it: 
“The engineer must be able to review computer output for 
reasonableness and ensure correctness of the drawings and 
calculations. The computer is a tool that will do what the 
engineer instructs. The engineer needs to understand material 
strength, geometric properties, be able to perform interpretive 
analysis for engineering problems.”

A design engineer wrote: 
“Sufficient background in electromagnetics/physics/engineering 
[is required] to know when computational code outputs are 
nonsense or incorrect.”

An employer stated: 
“It is essential that individuals understand that when they are 
using computational tools, they must know what they are cal-
culating, what the calculation is saying, and be able to judge 
if a calculation is correct. (The ability to do manual calcula-
tions is also still important to enable one to check or question 
their work and analysis)… Computational tools allows engi-
neers/technicians to make rapid changes, increase productivity, 
and evaluate various scenarios/options. This sometimes causes 
paralysis as new engineers have a tendency to over-analyze 
things and are not able to make critical choices.”

A key element of adaptive thinking is considering pro-
cesses and systems broadly. This kind of thinking includes 
conceptualizing how various software control systems on 
machines, for example, provide data that when analyzed 
as a whole provide a picture of how the entire process is 
working. Another example is understanding how water 
drainage systems, erosion patterns and stress load patterns 
impact the overall stability of a bridge. A person utilizing 
systems thinking would consider the impact and conse-
quences of changing one element of a design or process 
on the entire system. This kind of thinking applies to the 
business context, not just the technical aspects of the job. 
For example, a new product line could be developed out of 
change in process, or a change in process, while increasing 
efficiency, would drive up costs in such a way that the ef-
ficiency gains are outweighed by cost considerations. 

Another key element of adaptive thinking is taking a 
cross disciplinary approach to problem solving and innova-
tion. While employers understand and value the depth a 
certain discipline provides, they also value engineers who 
can think across disciplines, who learn from and pick 
up ideas from other disciplines. Employers talk about 
blended disciplines or blended knowledge. Some of this 
blending happens naturally in an employee’s career, as she/
he starts out in a very defined mechanical engineering 
position but over the course of a career ends up managing 
projects with electrical or chemical components, or takes 
a position in another company where most of the prod-
uct line is chemical even though she/he has a mechanical 

This perspective involves critical thinking, 
innovative thinking, and problem solving 
to conceptualize solutions or to determine 
root causes.
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background. Increasingly, employers are seeking this kind 
of mixed discipline experience in their new hires. The ben-
efit to employers is that new staff sees and make connec-
tions among data and peers faster and raise productivity as 
a result. 

3. Understanding the business context. Successful 
engineers, no matter their position in the company, 
enhance their productivity when they understand 
key business principles. Both employers and em-
ployees value this attribute highly. Unlike a problem 
in an academic setting, which may focus mostly 
on illuminating engineering principles, engineer-
ing projects within companies are bounded by 
budgetary constraints, staffing levels, a division or 
department’s stature within the company, and other 
business realities. Employers referenced the need for 
staff to design within budget, to design to customer 
requirements, and to generally understand the over-
all business goals for the company. This understand-
ing also relates to valuing and working with people 
of various cultures and backgrounds; in the business 
context, diversity is imperative. Employee survey 
responses revealed that employees recognized the 
value of business or management skills, but they had 
not received this training or exposure to the degree 
needed in their educational experience. 

In one large firm with extensive student recruitment, new 
hires were placed into a rotational program. In many cases, 
attrition in the program occurred due to a new hire’s in-
ability to understand the business context of the products 
being developed for a specific client, rather than a lack 
of technical knowledge. The hiring manger believed this 
attrition was healthy because he needed staff who could 
successfully work within a business environment—under-
standing budget constraints and customer timelines, for 
example—though he would have liked his incoming staff 
to have more skills in that area. 

Computational Thinking
We define computational thinking as using computers to 
analyze, design, model or make decisions as part of the 
engineering practice. We categorized a variety of com-
putational skills uncovered in the research into four key 
categories. 

1. Translate between conceptual and operational  
The skills and mindset associated with adaptive 
thinking carries over into the ability to translate 
between the virtual and physical world. With the 
growth in modeling software, more and more design 
work is being done on the computer. Engineers must 
spend time on the actual plant floor, machine shop, 
or construction site to see their projects in opera-
tion. Understanding a malfunctioning steam system 
in the operational context of the actual plant is very 
different from modeling its temperature constraints 
on the computer during the design phase. In the 
survey, employees were asked how effectively their 
education prepared them for their first job; the most 
frequent reason why employees said their education 
did not prepare them was that it was too theoretical 
and not practical enough. Successful engineers can 
understand and problem-solve both at the operational 
and conceptual level.

2. Manage data to make meaning. One of the most 
noticeable changes in business and engineering 
over the last decade is the profusion of data. Most 
machines now are computerized, providing their 

successful engineers, no matter their 
position in the company, enhance their 
productivity when they understand key 
business principles. both employers and 
employees value this attribute highly. 
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own data about how they are operating or why they 
are not working. Consider the case of an engineer 
studying a manufacturing process, sitting with data 
reports from 15 machines, each with 20 different 
metrics. What is the bottom line? Which data are 
most important? This drive to determine meaning 
has led to the widespread industry use of “dash-
board indicators.” These indicators are the questions 
where adaptive thinking becomes so critical. An 
engineer now has to make meaning out of the data 
to articulate how a process is truly functioning, or 
to diagnose on her own what is happening when 
the data can’t provide an answer. This concept was 

referenced earlier in the report as well in discuss-
ing how engineers spend time “verifying computer 
correctness.” This need to determine meaning can 
be characterized as the important skill of data and 
information knowledge management skills. It is vital 
that engineers are able to collect, organize, analyze 
and make meaning of the data and information and 
to be able to translate, broker, and share that infor-
mation with others in a meaningful way.

3.  Comfort with multiple software and computa-
tional systems. Employers and students alike rec-
ognize that students will not learn nor can the post-
secondary educational system teach every software 
and computational system currently on the market. 
Employers do expect however, that incoming engi-
neers will be familiar with one, two or three systems, 
even if these are not the systems the employer uses. 
Employer survey results reveal company expectations 
on programming ability (such as writing in C++) 
by entry level staff varies from “novice” to “expert” 
depending on the actual job. In many cases, specific 
programming skills are not required. The important 
skill for the new engineer is to quickly pick up on 

the relevant systems needed for the job. Familiarity 
with a particular software system, coupled with the 
ability to grasp a new system if needed, is crucial. 
Likewise, depending on the engineering discipline, 
understanding that various systems do not share the 
same operating principles can also be important. 

4. Using technology to increase business productiv-
ity. Employees and employers discussed the value of 
using software technologies such as virtual meet-
ings, instant messaging, and collaborative tools that 
allow for real-time input on a global scale, to drive 
business productivity. No matter the engineering 
position, skills in business software such as email, 
Microsoft Excel, and project management enhance 
the effectiveness of engineers. 

Discussing the productivity software can provide, one 
materials engineer wrote: 

Need to be able to understand the capability of the soft-
ware: what it can and can’t do. Otherwise you may estimate 
the time it takes to complete a job inaccurately. 

In many firms, Microsoft Excel is considered a funda-
mental computational tool, mentioned more often than 
engineering-specific software programs. Employees named 
Excel frequently as mission critical software. Employers 
expect a high level of Excel competency, including use 
of advanced functions and macros writing. This level of 
competency can be self-taught, but is most often gained 

from formal classes on Excel. Employers describe instances 
where an employee will run a macro to test a modeling 
hypothesis as a first step, then use more detailed software 
such as Pro-Engineer to run a full simulation. Excel is 
actually considered a productivity enhancer because it 
can serve as a quick check prior to more extensive data 
inputting and manipulation in other software systems. 
Since both technical and non-technical staffs use Excel 
extensively around the globe, information is often shared 
via this tool. 

As one employee put it, 

It is vital that engineers are able to collect, 
organize, analyze and make meaning of 
the data and information and to be able to 
translate, broker, and share that information 
with others in a meaningful way.

Microsoft Excel is considered a 
fundamental computational tool.
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[Excel] is easily used and widely understood. As a commu-
nication tool for data, pictures, text, etc. It has few peers.

Another said, 
I thought of the software that I couldn’t do without and it 
is Excel. It can calculate, program, database, and graph. I 
can do everything. So it is the tool that can do the most.

RECRUITInG TAlEnT
Our research also examined how employers acquire entry 
level talent. This section of the report outlines the process-
es companies use to recruit talent, and importantly, how 
they communicate their talent expectations to 
educational institutions. 

Prerequisites to Hiring 
For entry-level hires, companies expect a four-
year degree for their engineers and a two-year 
degree for engineering technicians. It is no 
surprise that companies consider several of the 
key attributes listed in the previous section as 
prerequisites to hiring:

• Familiarity with software systems
• Facility with core computational concepts
• Adaptive thinking
• Soft skills (communication skills, teamwork, rela-

tionship building)
• Project management
• Knowledge management

The familiarity with software systems varies somewhat 
by company. Design-heavy firms tend to expect deep 
knowledge in software like MATLAB. Other firms that 
work with fluids or chemicals may expect knowledge in 
specific fluid modeling software. Other companies that use 
in-house software acknowledge that incoming hires won’t 
know their specific software, but expect staff to learn it 
quickly.

One absolutely fundamental expectation that came 
through the interview process was employers’ expectation 
that new hires will be able to apply basic computational 
concepts easily in a variety of settings. Employers expect 
that staff can use their own understanding of computation-
al concepts to discern process or design flows, rather than 
relying on using a computer to “tell them the answer.” We 
described this earlier as adaptive thinking. 

The Recruiting Process
While all the companies interviewed for this project hire 
talent from established educational institutions , company 
size clearly impacts the scope and intensity of the recruit-
ing process. Large firms have extensive recruiting processes 
at a number of targeted universities throughout the U.S. 
These firms hire dozens of students during a calendar year. 
The school’s reputation, the performance of its alumni and 
interns in the company, the recruiters’ and management 
staff’s relationship with professors and the career services 
staff at a particular university, are all factors considered 

by hiring managers in both the decision to recruit talent 
from that institution and in a candidate’s application for 
hire. Large companies with extensive “on campus” student 
recruitment processes often are in the fortunate position 
of having excess demand from students for open positions. 
With product lines and staffing that span multiple disci-
plines, they can afford to specify the engineering discipline 
they prefer for a particular position, though this preference 
does not preclude an engineer from a different discipline 
from applying. Smaller firms tend to hire for function 
specific skills, given that a position might likely require 
knowledge in more than one discipline. 

Most companies use a number of interviewing tech-
niques to assess candidates, including conducting multiple 
interviews, using behaviorally-based interview questions to 

Company involvement in a school’s 

project-based learning experience 

for students is another opportunity 

to assess talent and for students 

to gain practical experience.  

one absolutely fundamental expectation 
that came through the interview process 
was employers’ expectation that new hires 
will be able to apply basic computational 
concepts easily in a variety of settings.
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uncover soft skill attributes, and assessing specific technical 
capabilities. Companies use behavioral questions and panel 
interviews to assess interpersonal and soft skills. In addi-
tion, firms often used a technical expert to question the 
candidate on his or her knowledge of technical engineering 
detail, while hiring managers or HR staff questioned the 
candidate on soft skills and general fit with the company. 
The use of specific assessments varies across companies as 
well; many companies in the sample indicated they did not 
use formal assessment tools. Often used between the first 
and second interview, assessments are tests candidates take 
to determine how well they know a particular software 
suite, for example, or test a set of engineering knowledge. 
Assessments are sometimes used by companies when they 
recruit from a wide variety of sources and lack a detailed 
conception of the software or skills taught in a particular 
engineering curriculum. Like SATs or other standardized 
tests, assessments allow companies to standardize informa-
tion about their talent pool. Generally, companies develop 
their assessments in-house. 

Internships are the primary tool companies use to en-
sure that potential talent has both the theory and practical 
experience they seek. Internships also serve the needs of the 
company and the potential hire by making sure the fit is 
good on both sides. Company involvement in a school’s 
project-based learning experience for students is another 
opportunity to assess talent and for students to gain practi-
cal experience. Project-based learning is an instructional 
method where students work in teams to solve a “real-life” 
problem, which often requires synthesizing knowledge 
from various disciplines or conceptual models. Employers 
often emphasized the importance of project-based learning 
opportunities occurring earlier in a student’s academic 
life cycle rather than later. Sometimes students can spend 
an entire semester on one project, analyzing it from the 
technical, feasibility, and business contexts. Project-based 
learning often increases a student’s skills in various talent 
expectations such as interpersonal skills, adaptive thinking, 
and moving from the conceptual to the operational. 

feedback loop to Educators 
Employers give feedback to universities and community 
colleges about the quality of their students as potential 
hires in a number of ways. Foremost is the number of 
hires by a company from the school. More nuanced 
engagement takes the form of specific relationships with 
professors, participation on schools’ curricula advisory 

boards, or feedback to the career services departments. 
Many large companies leverage all of these avenues and 
become intimately familiar with the engineering curricula 
or collaborate with professors on curriculum development 
or project-based learning experiences. Smaller companies 
utilize these methods as well, but they often face more 
constraints in terms of time their staff can allocate to these 
activities. Established internship or co-op programs can 
also provide extensive visibility into a schools’ curriculum, 
since the staff at a particular company can see the volume 
of knowledge an intern brings to the experience. 

building out skills sets upon Hire
No matter what skills and background new employees 
bring to new positions, they must learn the unique settings 
and processes of the company to be fully successful and 
productive. This new knowledge ranges from the mun-
dane, like training employees on internal company proce-
dures, to the specialized, such as formal training on com-
pany- specific software. Virtually all employers indicated 
that they rely on mentoring, both informal and formal, to 
convey necessary information and training. Much has been 
written in human resources literature and the popular press 
on effective orientation. In the context of this research, 
we asked about the on-the-job training new hires received 
on computational software and mission critical software. 
A few companies have a formal training process to orient 
staff to company-specific software, or to increase depth of 
knowledge of common software programs like Microsoft 
Excel. This training ranged from self-paced online training 
to classroom instruction. One company interviewed has 
a specific training program for its assembly staff, most of 
whom have two year degrees, to attain “engineer” positions 
within the company. From the company’s perspective, this 
training provides them with a talent pipeline at less cost 
than recruiting and provides career advancement to its 
employees. One or two large companies provide their own 
software training. However, formal training and mentoring 
is rare compared to informal mentoring. 

 
sUMMARY
Employers spend considerable effort finding the right 
talent for their companies, and students benefit from ex-
posure to companies through experiences like internships. 
Employers made it clear that soft skills are just as impor-
tant as computational skills to their hiring decisions. n
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Implications

The changing nature of engineering work and the increased use of software represent 
a shift in needed computational skills. Employers’ expectations for a more integrated 
or holistic engineer, the increasing importance of soft-skills, and the need for more 
project-based experiences in the classroom have a number of implications for change.  
We, the CPACE research team, outline those implications here in three broad catego-
ries and make specific recommendations to consider.

• Link to “greener” engineering jobs/sustainability 
• Employer actions to improve the talent pipeline
• Educational institutions’ actions to improve the talent pipeline

GRoWTH of “GREEn” EnGInEERInG 
WIll IMPACT All EnGInEERInG 
DIsCIPlInEs AnD EMPloYERs. 
In addition to the “integrated” or holistic engineer 
concept, the other major engineering shift articulated by 
employers is the shift to “green.” The push by consumers, 
the public sector and business for sustainable products 
and processes is impacting every industry and presenting 
new market opportunities and revenue streams for savvy 
employers. Known as “sustainable design,” “design for 
the environment,” designing for a “lifecycle” or “cradle to 
grave” in the engineering realm, the concept represents de-
signing and manufacturing more environmentally friendly 
products, executing that process in a more environmentally 
friendly way, and developing remediation techniques to 
retrofit previously polluting products or processes. The 
shift to green impacts every engineering discipline. Renew-
able energy industries such as wind, solar, and biofuels, 
and industries involved in energy efficiency, such as next 
generation lighting, carbon reduction techniques, and 
much of the construction industry employ all types of 
engineers.  

The implications for educational institutions are ex-
tensive, ranging from developing new curricula, updating 
curricula, and changing behavior. The current generation 
of students already has a deep interest in sustainability 
and “going green,” so generating student demand to study 
these topics is not an issue. Rather, relevant green subject 
matter must be incorporated into current curricula. The 
curricula changes include potential impact on computa-

tional skills, such as new software programs or applying 
engineering principles to new innovations. Some colleges, 
such as Kalamazoo Community College, are installing 
renewable energy mechanisms on their campuses and 
designing curricula to match. In electrical engineering, for 
example, solar industry employers need engineers who un-
derstand the electrical interface of a solar panel to a typical 
residential home wiring system. This content is currently 
being addressed in some classroom settings, but is also 
being covered by industry associations who see the need to 
increase the content knowledge of incumbent workers. 

In other examples, student groups interested in sustain-
ability are conducting research on ways the university or 
college itself can reduce its energy consumption, such as 
removing food trays from cafeterias to cut down on water 
waste and electricity use, or conducting information cam-
paigns to convince students and faculty to use revolving 
doors, which reduce heating and cooling demands on a 
building’s HVAC system. 

Likewise, staff and customer expectations drive employ-
ers to improve both internal manufacturing processes and 
energy usage patterns . LEED certification has driven de-
sign and construction industry change and expectations on 
what new hires should know. The motor vehicle industry’s 
move to electrification foreshadows changing expectations 
for new hire knowledge. Oil and gas companies and small 
start-up firms are now major investors in renewable energy 
production and manufacturing. Appliance and furniture 
manufacturers are shifting product lines to meet consumer 
expectations and grow new business. Across the board, 
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these industry shifts suggest changing expectations by 
employers for what future hires should know.

EMPloYER ACTIons To IMPRoVE 
THE TAlEnT PIPElInE
We recommend that employers consider three efforts 
to improve their talent pipeline; the first two relate to 
relationships with educators and the last deals with internal 
processes.

1. Computational skills. Deepen and improve the 
feedback loop with curricula committees and faculty 
on computational skills and “adaptive thinking.” 
Employers can draw considerable value from rela-
tionships with university faculty and career staff. 
We suggest that employers focus more on these 
relationships to collaborate on project-based learning 
experiences for students. Such experiences would 
provide faculty with real world problems, students 
with “work like” projects, and help build the univer-
sity’s knowledge of the “state of the art” trends and 
issues in engineering fields. 

2. Non-computational skills. Strengthen the feedback 
loop with educators about soft skills, both in career 
services and in the curricula. The overwhelming 
feedback from employers about the value of soft 
skills, project management skills and use of informa-
tion technology reinforces the idea that the whole 
package of skills a student brings to a potential em-
ployer is of paramount importance. Career services 
often run programs in soft-skills, or at minimum 
communicate to students what employers expect 
about employee skills. Classroom experiences such as 
team-based projects can also provide students with 
opportunities to develop interpersonal skills.  

3. Employee orientation investment. Employee 
turnover is highest in the first year of employment. 
While mentoring is a critical first step many com-
panies mentioned, the more formalized employee 
orientation process known as onboarding can 
dramatically improve productivity. Onboarding goes 
beyond the standard human resource orientation to 
company policies and paperwork. It helps to reaffirm 
a new hire’s decision to join the company and inte-
grates him or her into the company culture, thereby 
promoting retention. Onboarding should span the 

first six months of a new hire’s time with a company. 
Effective companies use the onboarding process to 
help the new employee establish internal networks 
across departments, which can shorten time it takes 
for new hires to become productive.6

UnIVERsITIEs/CoMMUnITY  
CollEGEs ACTIons To IMPRoVE  
THE TAlEnT PIPElInE 
Educational institutions can use a variety of options to 
more closely align the skills undergraduates learn with 
those that employers seek. 

1. Computational skills. Project-based learning 
experiences should be embedded in the curriculum 
throughout all four years of the program. While 
many schools offer a senior level project, we 
strongly encourage incorporating this type of 
experience starting at entry level classes and 
continuing throughout the curricula. Faculty and 
other stakeholders can determine which series of 
classes are best suited to include project-based 
learning and create a continuum of experiences for 
students. It should be reinforced here that co-op 
and summer internships are not what we mean 
by project-based learning experiences; the former 
are “on the job” experiences shaped wholly by the 
employer, whereas project based learning experiences 
are shaped by both faculty and industry. Some 
engineering educators are taking the approach of 
using the computer science department to help 
design real world problems suggested by industry 
for engineering students that emphasize engineering 
principles and computational skills. 

6 Small Business Resource Guide: Recruiting and Retaining Employees in a Shifting Economy, http://findtalent-keeptalent.wikispaces.com/Retention 
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         Given employers’ emphasis on the ability to move 
from the conceptual to the operational, educational 
institutions should also consider ways in which 
students can gain experiences that are as close to 
those of working engineers as possible. Site visits to 
employers’ production locations are one example 
of seeing machines “in action.” Student design and 
build competitions are another avenue for this type 
of experience.  

2. Non-computational skills. Expanding cross-de-
partmental collaboration is another way to develop 
holistic or integrated engineers. Employers’ emphasis 
on cross-discipline or integrated engineers reinforces 
the idea that engineers should have experience with 
various types of engineering, so that in they can 
leverage others’ expertise, add to their own, or make 
cross-functional connections. Cross-listed classes, 
team-taught classes, or extensive guest lectures from 

other departments are examples that give students 
multiple perspectives within one class. Speaker series 
that address a topics from other disciplines provide 
another opportunity for students to understand a 
problem from multiple perspectives. 

3. Employer engagement. Proactively engaging and 
learning from employers as part of a comprehensive 
feedback loop can improve the fit between student’s 
knowledge and experience and employer’s talent 
expectations. Again, this feedback loop should also 
include faculty as well as career services. While cur-
riculum committees with private sector representa-
tion are important, they are not sufficient. Likewise, 
while a robust internship program is the foundation 
for helping students gain real world experience and 
career exposure, the other ideas discussed here rep-
resent prime examples of a comprehensive and year 
round employer relationship. n
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future Directions

The CPACE process is based on a Transformation Model, 
the graphic for which is repeated here as Figure 7. The 
process has five phases:

1. Interview and survey stakeholders to identify specific 
workforce computational skills. 

2. Abstract computational problem-solving principles 
from those skills.

3. Align those principles with computer science 

concepts to map the problem-solving requirements 
onto underlying computer science concepts that are 
the foundation of the computer science discipline. 
Check this alignment with stakeholders to confirm 
that they capture important skills.

4. Identify opportunities for curricular integration 
between computer science concepts and engineering 
curricula. Key concepts can be interwoven among 

figure 7. CPACE Transformation Model
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We have outlined the ways in which employers, students, and educational institutions 
can act upon the findings of this stage of the CPACE project in the short and medium 
term. The longer term change from this project involves curricula change, which is 
discussed below.
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the disciplines to result in a strong set of problem-
solving skills that address workforce needs.

5. Implement computational problem-solving revisions 
in engineering curricula.

Since the particular workforce-related computational 
skills are unique to particular disciplines, industries or even 
companies, it is important to find common principles that 
can be used to guide curriculum design. In the next step of 
the process, we align these skills with computational prob-
lem solving principles from computer science to identify 
common features among industry and discipline-specific 
skills. 

In the third step of the process, we are using Wing’s 
Computational Thinking framework to organize the 
computing concepts. According to Wing, “computational 
thinking” is a fundamental skill for everyone (especially 
engineers) and involves solving problems and designing 
systems by drawing on fundamental computer science 
concepts. Computational thinking includes:

• formulating difficult problems into ones that can be 
solved by reduction, transformation or simulation

• thinking recursively

• using abstraction and decomposition to address 
challenging design problems

• using heuristic reasoning in the face of uncertainty. 

These are all crucial skills for the engineering workforce. 
The fourth step in the process is to use these concepts 

to find opportunities for curricular integration. Compu-
tation for engineering cannot simply be addressed with 
one or two courses in computing, but must be integrated 
as part of an engineer’s training to become a “habit of 
mind.” We will introduce a series of authentic engineer-
ing problems derived from industry that require the use 
of various computing concepts for their solution. These 
problems will be part of engineering courses, but will be 
developed in consultation with employers, employees, and 

Table 3. Chemical Engineering Course Concepts

 Concept 1 Concept 2 Concept 3 Concept 4 ... Concept N

Year 1  - -
Intro to 
Engineering 
Modeling

Intro to 
Engineering 
Modeling

Intro to 
Engineering 
Modeling

Intro to 
Engineering 
Modeling

Year 2 Material & 
Energy balances

Modeling Analy-
sis & Transport 
Phenomena

-- --

Modeling 
Analysis & 
Transport 
Phenomena

Material & 
Energy balances

Year 3 Mass Transfer & 
separations - Mass Transfer  

& separations - Mass Transfer  
& separations -

Year 4 Process Control Process Design 
& optimization I

Process Design 
& optimization I

Process Design 
& optimization 
II

Process Design 
& optimization I

Process Design 
& optimization 
II

since the particular workforce-related 
computational skills are unique to 
particular disciplines, industries or even 
companies, it is important to find common 
principles that can be used to guide 
curriculum design.
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faculty stakeholders from engineering disciplines and com-
puter science to ensure that the problems represent the use 
of true engineering practice and computing concepts. 

In order to accomplish this, we will map the concepts 
across all four years of the engineering curriculum. With 
help from key stakeholders, we will identify problems 
from employers that are appropriate to a variety of courses 
and could be used with varying degrees of complexity. 
For instance, first year courses would use more simplified 
versions of problems. As students progress through their 
programs, the problems would become more complex. 

However, the underlying computing concepts would be 
addressed across the various courses and throughout the 
degree program. For example, in Chemical Engineering, 
concepts might be distributed across courses as shown in 
Table 3. 

We have submitted a proposal to the National Sci-
ence Foundation to implement this integrated curriculum 
at Michigan State University and Lansing Community 
College. One of the project’s many triumphs will be the 
collaboration that occurs among employer, education, 
employee, and workforce development stakeholders to 
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Community College 
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figure 8. CPACE Engineering Talent Development network
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identify business problems that can be used in differ-
ent disciplines in order to help develop engineers with a 
holistic skill set.

The evolution of this collaboration will take the shape 
of a CPACE Talent Development Network (Figure 8.). 
Members would be initially identified through the network 
advisory group which includes the CPACE Advisory 
Group, Michigan State University, Lansing Community 
College, and CSW. Once convened, the members of the 
network will meet periodically to:

• Exchange ideas on how to collaboratively provide 
authentic engineering-based learning experiences 
through internship opportunities and by sharing real 
engineering problems that require the use of various 
computing concepts for their solution. 

• Contribute to and encourage knowledge transfer-
ence and information exchange such as workforce 
competency needs, labor market information, and 

computational-based academic research between 
employers and educators. 

• Inform and support talent strategies that will further 
promote educators, employers and workforce/
economic development professionals in thinking 
and acting differently relative to engineering talent 
development.

Ultimately, the network can serve as a mechanism to 
bolster, expand, and sustain ongoing employer engage-
ment, strengthen relationships within Michigan State 
University and Lansing Community College engineering 
programs, and among other educational institutions. The 
network can expand work-based learning opportunities 
for students at all levels, integrate computational engineer-
ing skill priorities into curricula, and facilitate meaningful 
connections between employers, educators, and workforce/
economic development professionals. n
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Noting the strong demand for the preparation of a globally competitive U.S. workforce with 
knowledge and understanding of critical computing concepts, the CPACE initiative emphasizes 
engaging stakeholders from multiple sectors to identify engineering computational problem-
solving skills, to define how these skills can be integrated across curricula, and to revise the 
curricula to integrate computational problem-solving directly informed by industry needs. This 
process can serve as a model for national efforts to revitalize undergraduate computing education 
in engineering. 

Our findings reveal that employers:
a. Value soft skills such as communication, project management, and the ability to function 

in a team;
b. Consider adaptive thinking a key attribute;
c. See trends towards computational globalization which translates to the need for engineers 

to understand business practices and the importance of integrating engineering data across 
larger systems; and

d.  Value the ability of engineers to understand both engineering and computational prin-
ciples that allow them to use computational tools to solve engineering problems. 

In many ways, the challenges facing the engineering profession are echoed in questions 
related to our overall economic prosperity. How will our workforce address the critical challenges 
facing all of us, like decreasing the use of carbon, providing products and services in a sustainable 
way, and innovating new techniques? These questions reveal the fundamental role engineering 
plays in our economic development. We hope that the results of our research demonstrate a way 
for educators and industry to come together to envision the future of the engineering workforce. 

If you would like more information on CPACE or how you can get involved in sharing cur-
rent and future information and help sustain this transformative effort, please contact:

CPACE Principal Investigator
Associate Dean Thomas Wolff
College of Engineering
Michigan State University
(517) 355-5128
wolff@msu.edu

Conclusion
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Materials from CPATH CB Initial Project EXTERNAL EVALUATOR 

The following items are materials from the external evaluator for our 
CPATH CB project, which completes in August, 2009. The external 
evaluator is the Science and Mathematics Program Improvement (SAMPI) 
group, Western Michigan University. SAMPI is the external evaluator for the 
current proposed project.

There are two items following:

• a statement of the purpose and the key questions to be addressed in 
the evaluation and

• a bullet-style listing by SAMPI that lays out their interim findings after 
one year of operation of the CPATH CB project here at MSU/LCC. 
This document was used to “debrief” the CPACE review team and 
was used to improve our operation in Year 2.



C-PACE 
A Collaboration Process to Align Computer Education and Engineering Workforce Needs 

Michigan State University, Lansing Community College, and the Corporation for a Skilled Workforce (CSW) 
 

ROLE OF EXTERNAL EVALUATION 
 

Prepared by the C-PACE External Evaluation Team 
Science and Mathematics Program Improvement (SAMPI)—Western Michigan University 

 
The external evaluation required by NSF will be a collaborative effort between the project 
management team, key stakeholders, and external evaluators.   
 

The purposes of the evaluation will be to: 
 

1.  Determine progress toward project goals, including external assessment of 
the program model 

2.  Document project activities, processes, and products 
3.  Provide evaluative information/ideas to the project team for planning and 

project improvement 
 

The evaluation will be framed by the following key evaluation questions: 
 

A.  What has been the nature, extent, and effectiveness of the collaborative 
approach used in carrying out this planning grant?  What are its 
strengths and limitations? 

B.  Do final curriculum plans reflect project objectives and anticipated 
outcomes for the various stakeholders—higher education institutions, 
faculty, students, business community, and professional organizations? 

C.  Have products, including implementation grant proposal, been prepared 
as intended? 

 
Evaluators will actively participate in management team and other project activities.  Data will 
be gathered as appropriate from management team members and other key stakeholders over the 
course of the project.  A final evaluation report addressing key evaluation questions will be 
prepared.  Evaluators will contribute as appropriate to the development of the transformation 
proposal for full implementation. 
 
The external evaluation will be conducted by Science and Mathematics Program Improvement 
(SAMPI), Western Michigan University.  Dr. Mark Jenness will serve as lead evaluator, with 
assistance from Mr. Pete Vunovich and SAMPI support staff.  For more information about the 
external evaluation, contact Mark Jenness at 269-387-3791 or mark.jenness@wmich.edu.  
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C-PACE 
A Collaboration Process to Align Computer Education and Engineering Workforce Needs 

Michigan State University, Lansing Community College, and the Corporation for a Skilled Workforce (CSW) 
Management Team Debriefing/Reflection Session—September 9, 2008 

 

SUMMARY OF COMMENTS 
ABOUT STRENGTHS/ACCOMPLISHMENTS, 

CHALLENGES/LIMITATIONS,  
AND LESSONS LEARNED 

 
Compiled by the C-PACE External Evaluation Team 

Science and Mathematics Program Improvement (SAMPI)—Western Michigan University 
 

Background.  C-PACE is a community-building project funded by the National Science Foundation to 
develop a collaborative process for engaging business, industry, and post-secondary education institutions 
to better understand and align computing education with the knowledge and skill development needs of 
the engineering workforce.  At approximately mid-point in the project, members of the management team 
gathered to formally reflect on their work completed to date.  The goals for the 1.5 hour session were to 
identify major strengths and limitations/challenges of the program and “lessons learned” about various 
elements of the project.  For each category of discussion, individual participants were given opportunities 
to make comments, which do not necessarily represent consensus among participants—the comments 
come from one or more individuals.  Below is a summary of comments.  A more detailed report is 
available from project coordinators. 
 

  Strengths/Accomplishments of the Project 
  Successful piloting of the employer interviews/surveys. 
  Wiki as a communication tool for project staff/management team. 
  Strong partnership with CSW.  Important as a “sounding-board.”  Provides a perspective outside 

the “academic framework.” 
  Partnership is strengthened by having both MSU and LCC actively participating. 
  Cohesiveness of the collaborative.  Pooling of strengths across partner members; allows for dialog 

and thoughtful planning and implementation; subgroups effective in completing tasks; a 
willingness exists to address issues and resolve them; magnitude of the project has been a 
challenge, but has been effectively addressed through the collaborative nature of the partnership. 

  Successful establishment of Advisory Board; productive first meeting and subsequent support for 
project activities by Board members; this element of the project has exceeded expectations. 

 

  Challenges/Limitations of the Project 
  Start-up was a lengthy process—Everything takes longer than you expect.  It took a long time to 

“get on the same page with everyone.”  “Ramp-up” took longer than expected.  Project 
boundaries had to be established.  Common language had to be identified.  Unanticipated 
problems/issues disrupt time lines. 

  Answering the question, “Is C-PACE a model for other projects?”  Could someone else assemble 
the necessary elements to make it happen? 

  Sustaining the enthusiasm of the Advisory Board will be important and challenging—need to 
find ways to keep them actively engaged. 

  Is the time frame for collecting and analyzing the feedback adequate? 
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  Lessons Learned 
 About the value and effects of the C-PACE partnership. 

  Each partner brings skills and resources to the project.  There are a good mix of perspectives, 
knowledge, skills, and networks represented in this partnership.  A willingness to share ideas 
and resources strengthens the partnership. 

  Establishing an effective partnership takes time because of different perspectives. 
  Effectiveness of the collaborative was reached when core outcomes and implementation 

strategies were well understood by everyone. 
  Being mindful of the needs of all partners strengthens the partnership. 
 

 About collaborating to develop/pilot project materials. 
  Establishing a “rhythm” takes time, but once there is agreement, finalizing the pilot materials is 

expeditious. 
  There was an effective system for allowing everyone to review and provide input into the 

brochure.  This allowed different perspectives to be heard and consensus-building to take place.  
Final materials were then prepared by one of the partners. 

  Collaborative data collection instrument development took a lot of time.  Are there more 
efficient ways to accomplish this task? 

 
 About connecting with and conducting interviews/surveys with appropriate 

businesses, agencies, and organizations. 
  There is a wide spectrum of who is considered an engineer—not all who are considered 

engineers fit traditional categories or characteristics. 
  There is great value in broadening the number and kinds of participants. 
  Engineers must be included in the interviews.  Their perspectives are very important.  Need 

more than just HR perspective. 
  Interviewees seem very willing to share their ideas, insights, and perspectives. 
  Nature of the interviews were quite variable across sites. 
  It was very useful to involve the Advisory Board in helping connect the project staff with 

interviewees—they provided an entre to the participants. 
  It would be useful to try to determine why employers were so willing to participate and 

enthusiastic about the opportunity. 
 
 About the role and value of the Advisory Board. 

  Maintaining Board member enthusiasm for the project will be important for on-going and future 
efforts.  The Advisory Board can make a major contribution to the project if Board members 
are actively engaged. 

  Advisory Board members provide helpful insights into their businesses, organizations, and agencies.   
  Establishing an advisory board was one of the factors in the slow start-up of the project—turned 

out to be time-consuming.   
 
 About engineering and computer education. 

  Employers place a high premium on critical thinking among their employees. 
  Although a key focus of this project is determining needed “technology” skills, there is also 

interest in having students prepared with “soft tools”—communications, team work, etc. 
  Students/employees must know which tools to choose for a particular situation. 
  Engineering courses may need to be a mix of computing and other skills, including modeling. 
  Some interviewees have identified “design for manufacturing” as an important component of 

preparation of students. 
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Letters of Support from MSU and LCC Administrators

The proposed project is focused on programatic change in two target 
curricula at MSU and one at LCC:

• Chemical Engineering at MSU,
• Civil Engineering at MSU, and
• and pre-engineering at LCC.

To create and more importantly sustain the curricular changes that will be 
effected over the CPACE II project, strong administrative support is 
needed. 

Following are letters of support from

• Mr. Drew Kim, K-12 Outreach Office, College of Engineering, MSU
• Dr. Martin Hawley, Chairperson of ChE at MSU,
• Dr. Ron Harichandran, Chairperson of CE at MSU,
• Dr. Thomas Wolff, Associate Dean for Undergraduate Studies at 

MSU,
• Dean Satish Upda, Dean of Engineering, MSU, and
• Dr. Kelly Sakkinen, Interim Chairperson, Mathematics and Science 

Department, LCC



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

COLLEGE OF 
ENGINEERING 

 
Assistant to the Dean for 

Recruitment, Scholarships 
and K-12 Engineering 

Education & Outreach Office 
 

Michigan State University 
1410 Engineering Building 

East Lansing, Michigan 
48824-1226 

 
517/353-7282 

FAX: 517/432-1356 
E-Mail: kima@egr.msu.edu 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MSU is an affirmative-action 
equal–opportunity institution. 

 

 
April 28, 2009 
 
CPATH Review Panel  
CISE/NSF  
Washington, D.C.  
 
Dear Review Panel Members:  
 
 I am writing in strong support of the goals and objectives of the proposed project,     
“CPACE II: Implementing Constituency-Driven Change that Integrates 
Computational Thinking Across Engineering Disciplines,” in particular with respect 
to the proposed interaction between CSW and the Recruiting, Scholarship, and K-
12 Outreach Office in the College of Engineering. Our office seeks to educate K-12 
students on the possibilities of engineering as a great future career and to recruit 
student to the College of Engineering at MSU.  We further support the project 
objectives to seek ways to broaden the participation of minorities and women in 
engineering.  
 
We will interact with the engineering faculty and with CSW to provide them a 
platform and opportunities to educate and engage prospective students through the 
wide variety of programs offered by our office and our staff.  
 
We find these types of efforts to be compatible with our goals and we welcome the 
interaction with an organization that has such a broad representation of 
stakeholders relevant to engineering careers. I strongly support this proposal and 
anticipate good collaboration to improve our existing outreach programs. 
 
Best regards, 

 
Drew Kim, Assistant to the Dean 
Recruitment, Scholarships, and K-12 Outreach 
MSU’s College of Engineering 

 
Program Associate 
K-12 Outreach  
Center for Wireless Integrated MicroSystems (WIMS), an NSF Engineering                       
Research Center 
 
 
 
 
  
 
 
 
 
 
 

mailto:kima@egr.msu.edu




April 24, 2009

COLLEGE OF

ENGINEERING
Office of the Chairperson

Department of Civil and
Environmental Engineering

Michigan State University
3546 Engineering Building

East Lansing, Michigan
48824-1226

Phone: 517/355-5107
Department Fax: 517/432-1827

Private Fax: 517/353-6883

E-Mail: harichan@egr.msu.edu
www.egr.msu.edu/~harichan

MSU is an affirmative-action,
equal-opportunity institution.

The National Science Foundation

To whom it may concern:

I am writing in support of the proposal entitled “CPACE II: Implementing Con-
stituency-driven Curricular Change that Integrates Computational Thinking Across
Engineering Disciplines.” If funded, the Department of Civil and Environmental En-
gineering will implement the methods and techniques developed as part of this project
into three of our required undergraduate courses. The goal will be to graduate students
who have more comfort with computational tools and a better grasp of computational
principles.

The three classes in which the work of the project will focus are CE 221–Statics,
CE305–Introduction to Structural Analysis and Design, and CE 321–Introduction to
Fluid Mechanics. Instructors of these courses will work closely with the CPACE in-
vestigators to implement computational tools and principles in a systematic and effec-
tive manner.

Once the new methods and tools are implemented, civil engineering students
will be very familiar with the core tools and principles when they take their elective
senior-level classes, and will be expected to use them there as well.

On behalf of the department I strongly support this proposal. The work done
through it will take us a long way toward realizing our goal.

Sincerely,

Ronald S. Harichandran
Professor and Chairperson



April 21, 2009

Harriet Taylor, 
Program Director, CISE/CNS
National Science Foundation 
4201 Wilson Blvd, Suite 1175

Re: Letter of Support
 Michigan State University / Lansing Community College Proposal

CPACE II: Implementing Constituency-Driven Curricular Change that 
Integrates Computational Thinking Across Engineering Disciplines

Dear Dr. Taylor, 

As Associate Dean for Undergraduate Studies in the College of Engineering, I am writing to 
express our most enthusiastic support from both the College of Engineering and my office. 

This proposal follows directly from the previous project for which I served as Principal 
Investigator. As the project takes the findings from that work and moves further in the 
direction of implementation, and given the broad demands of my position, it is appropriate 
that I pass on the primary leadership of the project to those more directly involved in 
implementation. Let me assure you that my continuing role in the project will serve to 
encourage and assure that further efforts are aligned across departments and programs, as 
well as serving direct needs.

Once again, the proposal team includes collaborators from several departments in the College 
of Engineering, from the College of Natural Science and from Lansing Community College. In 
addition, our College of Education now joins the team. We are proud of this joint effort, and 
are hopeful that it demonstrates the potential for the level of collaboration in curriculum 
reform that is described in the proposal.

Michigan State University is proud of the initiative of our faculty and is hopeful of your 
support to these efforts.

Sincerely,

Thomas F. Wolff, Ph.D., P.E.
Associate Dean for Undergraduate Studies









Letters of Support from Collaborators

Collaboration, particularly with engineering firms was the core in our first 
CPATH CB project. Developing linkages to industry and leveraging those 
linkages to gain feedback about industrial needs for computational skills 
and abilities was one of our deliverables from our first project.

As we go forward to implement the knowledge gained from our first project 
in CPACE II, we intend to maintain our strong ties with industry, and will 
develop a continuous quality improvement loop with them for feedback on 
our curricular change modules.

The following letters express representative continuing support for our 
CPACE projects on the part of our collaborators.

• Jeannine La Prad, CEO, Corporation for a Skilled Workforce. 
Although CSW is a subcontractor for CPACE and will be a 
subcontractor for CPACE II, CSW is pivotal in our process of linking 
to industry, and hence we begin this collaborator section with her 
letter of support,

• Chris Knapp, Executive Director, Capital Area IT Council,
• Fred Keller, President and CEO, Cascade Engineering,
• James B. Cross, Michigan Site Manager, Hemlock Semiconductor 

Group, and 
• Thomas Crampton, Mott Community College. 



900 Victors Way, Suite 350 

Ann Arbor, MI 48108 

734.769-2900 / Fax 
734.769.2950 

www.skilledwork.org 

 
 
 
 
 

 
 
 
April 22, 2009 
 
 
To whom it may concern: 
 
The Corporation for a Skilled Workforce is pleased to offer its continued support for the CPACE 
(Collaborative Process to Align Computing Education with Engineering Workforce Needs) 
project team and the current NSF proposal submission related to CISE Pathways to Revitalized 
Undergraduate Computing Education (CPATH). 
 
Our beliefs are aligned with the notion that computation for engineering can’t be solely 
addressed with revisions to a couple of engineering courses, but must be addressed holistically 
from a curricular change perspective in order to develop engineers with computational skill sets 
grounded in practice. We support the vision of the proposal where the CPACE team and its 
Engineering Talent Development Network could influence a broader national effort to move 
from an engineering educational scheme that primarily emphasizes the acquisition of technical 
knowledge distantly followed by contextual, social, and professional practices to an approach 
that encourages students to integrate conceptual knowledge, technical skills and professional 
practices. 
 
Our organization is committed to the mission of re-imagining everything about work and 
learning in the global economy, for the prosperity of people, firms, and communities. We firmly 
believe that community stakeholders such as educators, businesses, government, workforce and 
economic development organizations must find ways to partner to achieve the necessary 
improvements needed to achieve both economic growth and prosperity. The next phase of the 
CPATH initiative continues to be aligned with our organizational direction and we would be 
pleased to be an active member of the team to implement the project in Michigan. 
 
If you have any questions related to our support for this project, please contact  me at (734) 769-
2900 or jmlaprad@skilledwork.org. 
 
Sincerely, 

 
 
 

Jeannine La Prad 
President and CEO 
 







 

 

 

April 20, 2009 

To whom it may concern: 

Hemlock Semiconductor Group (a subsidiary of Dow Corning Corporation) is pleased 
to offer support for the continued work of the CPACE (Collaborative Process to Align 
Computing Education with Engineering Workforce Needs) project team in their 
submission of the National Science Foundation’s CISE Pathways to Revitalized 
Undergraduate Computing Education (CPATH) proposal.   
 
As a member of the CPACE Advisory Board, we see opportunities to bring into 
alignment the curriculum of the area’s universities and community colleges to meet the 
needs of Michigan’s workforce. The Advisory Board has served as a conduit for us to 
share perspectives on various sectors’ needs for computational applications in 
engineering along with fellow academic and employer partners to affect curricular 
change.   
 
Moreover we are happy to support the goal of the proposal to contribute to the 
development of a globally competitive U.S. workforce by partnering with the academic 
community to identify the core computing concepts and tools to be integrated into 
promising new undergraduate education models, and providing authentic engineering-
based learning experiences through internship opportunities and by sharing real 
engineering problems that require the use of various computing concepts for their 
solution.  

Hemlock Semiconductor Group recognizes that current students are our future 
employees, managers, leaders, and customers.  We support a number of initiatives and 
programs related to the science, technology, engineering and math disciplines to help 
prepare today’s youth for tomorrow’s challenges. 

If you have any questions related to our support for this project, please contact me at 
(989-642-5201 ext 2463) or james.b.cross@dowcorning.com . 
 
Sincerely, 
 
 
 
James B. Cross 
Michigan Site Manager 
Hemlock Semiconductor Group 
 



 
April 20, 2009 
 
 
To whom it may concern: 
 
Mott Community College strongly supports the ongoing work described in the CISE Pathways 
to Revitalized Undergraduate Computing Education (CPATH) proposal, submitted by 
Michigan State University (MSU). We support the goal of integrating computational thinking 
throughout the engineering curricula by identifying real engineering problems that require the 
use of computational thinking and tools for their resolution.  We recognize the critical 
importance of computing skills in science, technology, and engineering disciplines as 
continuous growth areas for Michigan’s economy.  
 
As a member of the MSU CPATH/CPACE Advisory Board, we see opportunities to bring into 
alignment the curriculum of the area’s universities and community colleges to meet the needs of 
Michigan’s workforce. The Advisory Board has served as a conduit for us to share perspectives 
on various sectors’ needs for computational applications in engineering along with fellow 
academic stakeholders and employer partners to affect curricular change.   
 
Mott Community College is committed to providing a quality curriculum tied to the needs of 
both higher education and the workplace. For example, we have spent several years developing 
education and training materials focused on virtual, math-based technologies and exploring the 
role they can play in streamlining operations in the design, engineering and manufacturing 
arenas. We believe it is imperative that educational institutions stay abreast of emerging 
technology developments and integrate them into college programs so graduates are prepared 
for the rigor of their vocations. 
 
We hope that you will give full consideration to this proposal. If you have any questions 
regarding our support for this initiative, please contact Tom Crampton, Executive Dean 
Regional Technology Initiatives at (810) 762-0506. 
 
Sincerely, 

 
Thomas (Tom) Crampton 
Mott Community College 

 

 

 



Project Timeline, Milestones, Team Responsibilities - THIS PROPOSAL

Per the RFP, the following is initial planning for our project timeline, project 
milestones, and team member responsibilities.  



CPACE II: Project timeline and milestones 

Milestones are aligned with MSU academic semesters 

See project description for details of the tasks and relevant project outcomes 
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Milestones are aligned with MSU academic semesters 

See project description for details of the tasks and relevant project outcomes 
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