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Abstract 

The primary objective of capstone design courses is to provide students with a culminating 
experience that will prepare them adequately for industry or graduate studies. Project Data 
Management (PDM) software is ubiquitous throughout aerospace, automotive, energy, and 
healthcare companies to review and drive product design changes. PDM software centrally 
captures and stores all revisions to parts and assemblies through a controlled “check-in/check-
out” process. Integration of enterprise-level PDM software in an academic setting helps to 
manage process flow toward meeting course objectives, particularly when the course is 
structured to mimic industry style product development groups. The ability to see individual 
contributions to a project allows course instructors to make a fair assessment of student effort 
and mitigate potential group conflicts. 
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Introduction 

Engineering capstone design programs primarily provide the accreditation need articulated by 
ABET Criterion 5: “baccalaureate degree curricula must provide a capstone or integrating 
experience that develops student competencies in applying both technical and non-technical 
skills in solving problems”[1]. An additional goal of capstone is to provide students with a 
transitional experience from university to industry careers as practicing engineers.  

Over 60% of capstone design programs participating in the 2015 capstone design survey report 
capstone design courses that require more than one semester or quarter of student effort [2]. 
Information transfer over multi-semester courses has inherent problems, notably the potential for 
catastrophic loss of information. The problems are further exacerbated when projects require 
significant communication from multiple organizations [3], as is common in many industry 
sponsored design programs. 

Iteration on design models and initial refinement for manufacturing is the largest time 
contributor in the design realization process [4]. Many courses in the undergraduate curriculum 
use current industry standard software to familiarize students with the tools they will be using 
upon graduation such as Computer-Aided Design (CAD)[5, 6], Finite Element Analysis (FEA) 
[7, 8], and Computational Fluid Dynamics (CFD) [9, 10].  This software is also often integrated 
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into capstone design project requirements to reinforce fundamentals and apply previous learning 
outcomes to a “real-world” problem in an environment similar to what engineers in industry 
experience in practice [3, 11].  Project Data Management (PDM) software is ubiquitous 
throughout aerospace, automotive, energy, and healthcare companies to review and drive product 
design changes and has been used for engineering student design teams with great results [12]. 
However, to our knowledge, and to the knowledge of Solidworks North America, PDM has 
never been deployed at an academic institution for instructional purposes.  

Most major CAD software has a supported PDM tool that integrates seamlessly with their CAD 
clients: Solidworks – Solidworks PDM [13], Siemens NX – Teamcenter [14], Autodesk Inventor 
– Vault [15], and PCT – Windchill [16]. PDM software centrally captures and stores all revisions 
to parts and assemblies through a controlled “check-in/check-out” process. As PDM is not 
restricted to CAD models, all files involved in the design process can be centrally stored and 
assessed, and student editing permissions can be restricted at an individual or group level with 
ease.  

With a plurality of reporting programs utilizing one or two faculty members for their capstone 
projects [2], PDM implementation offers effective tool to improve student-faculty interactions 
and simplify the assessment process. Large enrollment programs may be able to realize 
substantial improvement in project management, and significantly reduce the number of faculty 
hours focused on capstone design review and assessment. For example, in a companion paper, 
PDM deployment and the ability for instructors to monitor and control document workflow 
(Figure 1) is cited as a 
key tool for reducing 
capstone design faculty 
workload [17].  

Methods 

Beginning in the spring 
semester of 2019, PDM 
was implemented in a 
representative cohort of 
students participating in 
the capstone “build” 
class. A section of 49 
students was broken 
down into 2 “product 
development teams” of 
24-25 students each. 
Each team was further 
segmented into 5 sub-
teams, each responsible 
for a representative sub-
assembly, critical 
function, or 
testing/validation task. 

Figure 1. PDM document workflow control scheme. Student editing 
permissions are limited to parts in the “Under Editing” state.  Students are 
able to transition states with the exception of manufacturing approval, which 
requires instructor or teaching assistant review. 
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Individual sub-teams met during weekly lab periods, with instructor supported full-team 
meetings occurring in place of a traditional lecture session. Sub-assemblies were assigned in a 
manner to require communication between sub-teams to determine deadlines and integration 
requirements. The setup ensured students fully utilize the check-out/check-in, revision history, 
and approval processes built into Solidworks PDM to successfully accomplish the project goals. 

The teams were assigned a 
Solidworks PDM vault on the 
first day of class and given 
instruction on check-out and 
check-in procedures and general 
PDM best practices. A simplified 
workflow with instructor and/or 
TA approval waypoints (Figure 
1) was implemented within the 
PDM framework. As students 
completed assigned tasks, 
components were for approval 
and either greenlit for 
manufacturing or returned to the 
students for further revisions 
with accompanying instructor 
comments on the necessary 
changes. 

Student project contributions 
and individual effort were assessed through PDM logs (Figure 2). Access to previous component 
revision enabled discussions of design evolution in response to changing customer needs and 
configuration changes. 

Preliminary Results, Conclusions, and Next Steps 

Preliminary feedback on PDM implementation from both the students and industry partners has 
been very positive. The capacity to roll-back designs to a previous state was particularly lauded 
by students for saving them countless hours when a design was overwritten or changed in error.  
The log of student activity can be accessed through a part or assembly’s “revision history” 
(Figure 2) and it is easy to identify which students are either underperforming, or more likely, 
falling through the cracks created by overzealous teammates. 

Due to the wealth of positive feedback, PDM is currently being implemented in the first half of 
the two semester design-build capstone experience to acclimate students to the software.  
Designs for Spring 2020 will be transferred from the appropriate team’s “Design” folder to their 
“Build” folder for the upcoming realization course.  An effective assessment tool is being 
developed to measure student involvement and learning outcomes based on PDM data. 

As expected with initial classroom implementation of any new software, PDM has presented 
some challenges. Due to the computer management hierarchy at the university, faculty found 

Figure 2. PDM part/assembly revision log.  Revision comments 
can be set as a requirement for any check-in of a modified model 
allowing for documentation of design process and providing a 
log of student participation. 
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themselves teaching in classroom computers to which engineering IT administrators had no 
access. Thus, SolidWorks PDM was not installed on these machines, and faculty had to use 
remote desktop to their office machines to display models on the PDM server in the classroom. 
A more common problem encountered by students is that once checked out through PDM, parts 
are inaccessible to others. If a student carelessly failed to check in a part at the end of a work 
session, other students could not access that part until it was checked back in. Nonetheless, these 
minor hiccups with PDM implementation were far overshadowed by its benefits. 

Engineering student learning outcomes are typically assessed by comparison to external 
benchmarks because students coming into engineering course usually do not innately possess 
mastery at the outset. By contrast, assessment in industrial design is “ipsative”; based on 
improvement measured against an incoming baseline, which is different for each student. 
Industrial design instructors separate the innate talent one brings into a class from the skills 
learned or built in the course [18]. Since engineering capstone is a culminating experience where 
students apply preexisting knowledge, it is unique among the engineering courses because 
students come into the course with substantial relevant knowledge. Capstone, therefore, lends 
itself to ipsative assessment where students’ improvement over time can be evaluated in lieu of 
an assessment against an absolute benchmark. Typical engineering assessment techniques (tests, 
reports, presentations, etc.) are incompatible with ipsative assessment, but the ability of PDM to 
track the evolution of a design through time allows engineering faculty a new way to assess 
capstone design. This new approach will be explored in the future. 
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