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A Total Quality Management Tool for Experiential Engineering Education
Abstract

The development and deployment of a web-based software tool, the Automated Grading Platform
(AGP), will be presented. A collaborative effort between the Mechanical & Aerospace Engineering
department and Faculty Innovations in Teaching & Learning (FITL) Center, the AGP allows for the
real-time grading of assignments and provides immediate feedback to students in Mechanical
Engineering courses. The platform is designed to work within the Total Quality Management (TQM)
paradigm. With this system, only exemplary work is accepted. However, students are free to repeat
an assignment an unlimited number of times until they produce work that meets this standard. Grade
thresholds are established based on the volume of acceptable work submitted. This threshold is
distributed to students at the beginning of the semester. The student can determine the grade they
wish to achieve, and stop working when they have reached the desired grade threshold.

Applying a Total Quality Management (TQM) Tool in an educational setting will provide a quantum
leap forward in providing both flexibility and support to our students. It draws on existing educational
paradigms such as constructivism and the experiential theory of learning, yet offers a new and exciting
approach to covering course material. Students get increased flexibility to tailor their workflow to
achieve specific course objectives while the instructor is freed from routine calculations and allowed
to focus on student support. Additionally, it breaks down barriers often encountered by students
working remotely and on other campuses. It is expected that TQM and AGP will fundamentally
change the way that Engineering is taught for the foreseeable future.

The paper will discuss the development of the Automated Grading Platform and its deployment and
testing in an undergraduate Computer Aided Design (CAD) course. This course is typically taken by
freshman in the Mechanical Engineering program. We will discuss the need for such an application,
its development, and the results of our pilot study. Emphasis will be placed on the effect that the AGP
has on student outcomes and important metrics. The role of the AGP within the broader context of
student resources will also be considered. Lessons learned from our pilot study will be reviewed in
preparation for a full implementation and evaluation of the AGP.

|. Introduction

The field of Engineering Graphics has evolved substantially over the last 50 years. From the days of
the drafting board, we have seen the emergence of primitive Computer Aided Design (CAD) tools
give way to 2-D drawing programs and eventually to 3-D solid modeling packages. Parametric solid
modeling, sometimes known as constraint-based CAD, allows users to capture design intent and to
take full advantage of the desktop computer as a design tool. As a result, required courses in Computer
Aided Design have become ubiquitous in undergraduate Mechanical Engineering programs.
Typically, students are introduced to the basics of spatial visualization, the theory of various
projection techniques and the preparation of engineering drawings, all the while mastering the
mechanics of using a particular software package. As with many courses in today’s credit-starved
curricula, teaching a CAD course presents a unique set of challenges. Perhaps foremost is the varying
starting abilities of the students [1]. Some may be distracted by computer graphics, trying to make
parts that “look good”, but fail to incorporate robust modeling strategies [2]. As constraint-based



CAD has shifted the emphasis from documentation to correct part geometry and design intent [3], it
is critical that students move beyond simple procedural knowledge and develop proficiency in higher-
level strategic thinking [2,4]. How then are educators to take students from varying backgrounds, lead
them past the glitter of rendered images, take them through the procedural manipulations of software
and arrive at the plane of strategic thinking? The key is experiential learning. As Aristotle said, “For
the things we have to learn before we can do them, we learn by doing them” [5]. However,
experiential learning is more than just learning by doing; it requires reflecting on what has been done
[6,7]. To achieve this, students must not only practice a substantial quantity of assignments, they must
receive feedback and then reflect on the experience. The value of feedback is well accepted. The
authors of [8] state that prompt feedback is essential for students to improve their models and make
solid modeling more of an engineering design task and less of an art project; while both [2] and [4]
contend that without feedback to remedy their models, students develop and perpetuate poor modeling
strategies. In spite of the obvious value, traditionally there is a significant time lag between the
introduction of a concept and the receipt of feedback by the student. In some instances, weeks may
elapse before a misunderstanding is uncovered [9]. Often, by this time, it is too late to modify teaching
and learning activities [9] to remedy the situation. The culprit here is the methodology used to provide
the feedback. The desired feedback comes as a result of some form of assessment. That assessment
is typically a visual inspection or the electronic measuring of geometry in a computer file [10]. This
type of assessment is both labor intensive and time-consuming [2,3,10,11]. And it is antiquated. With
the evolution of CAD technology, examining print-outs of solid models or drawings is no longer
sufficient to determine the correctness of geometry [3]. As CAD technology has evolved, so must the
assessment of CAD coursework evolve. Fortunately, automatic grading can be used successfully to
provide consistent feedback on part models and reduce or eliminate grading time [2]. In addition, it
provides other benefits such as accuracy, repeatability and objectivity [2,8,11]. While the need for an
automated system is well established, the effort to create such a system is in its infancy. The authors
of [8] have developed a computer program to automatically grade Siemens NX files. It must be
launched from within the NX software, and compares the student file to a reference file. Mass
property data is evaluated, along with analyzing sketches and features. Limited data is offered to show
that the automated grades compare well with manual grading. [11] describes the logic behind an
automatic grading tool for architectural applications, however, their tool is still under development.
[12] describes the logic behind an automatic grading tool for Solidworks using macros and visual
basic. However, no data is available as their tool is still under development. [13] describes an
evaluation algorithm that compares a part to a reference, but it is a manual process that has not yet
been computerized. [1] uses personal interviews to assess student learning. [2] describes an automatic
grading tool within a Learning Management System (LMS). The student file is compared to a
reference file. Limited results were shown. No direct validation of the tool by comparison with other
grading methods is presented. While all of these solutions offer some promise, there is still a long
way to go toward fulfilling the need for immediate, specific feedback that allows students to reflect
on what they have done.

The Automated Grading Platform (AGP) described in this paper intends to contribute toward
fulfilling this need. It is a web-based platform for the real-time grading of assignments that provides
immediate feedback to the student. The AGP employs a total quality strategy, which will improve
student proficiency in fundamental skills, increase student engagement, and break down barriers for
students that work remotely. It offers increased flexibility for students to tailor their workflow to
achieve specific course objectives. In section Il of this paper, we describe the development and



functionality of the AGP tool, while section 11 details the system deployment as well as our internal
testing and the results of the soft-pilot study of the system. In section IV, we conclude with a summary
of our findings to date as well as our plans for the future.

I1. Development of the AGP
Terminology

The following terms are core to the CAD industry: Computer Aided Design (CAD) is a framework
where a computer is used as a tool for designing and drafting of mechanical parts. A Solid Model
(also referred to as a part) is a 3-D representation of an object within the computer. It has mass,
occupies volume and has all the properties of a real object (e.g. center of gravity). A Drawing (also
referred to as a two-dimensional drawing or a blueprint) is a flat paper representation of a solid model.
It is typically an arrangement of views and contains dimensions and specifications necessary for the
manufacture of a part. Solidworks is a particular piece of CAD software used to create solid models
and generate two-dimensional drawings from them. It is the current state-of-the-art in CAD software.
In the context of the TQM paradigm, work is considered exemplary if it meets a standard of excellence
as defined by the course instructor. For example, an instructor may define work on a particular
assignment as exemplary if the dimensions of a student’s part match those of a reference part to within
a 95% match.

Background

At the author’s University, the CAD course is required of all Mechanical Engineering majors but is
also frequently taken as an elective by students in other majors. The course is offered every semester,
and approximately 150 students take the course each year. During the course, students use the
commercially available Solidworks software to create solid models with a computer. Certain
assignments will also require the student to generate two-dimensional drawings from their solid
models, and also assemble multiple models into an assembly.

Concept and Analysis

The Automated Grading Platform (AGP) is a web-based software system that automates the entire
grading workflow. It frees the instructor from routine calculations, allowing an expanded emphasis
on student support, and it gives the student immediate feedback about the quality of their work.
Students upload their CAD files to a webpage. While the student waits, the system will perform
routine administrative checks, such as file name formatting and the type of units used. The system
then automatically grades the part by comparing it to an (instructor provided) reference file. This
happens in a matter of minutes. Feedback is then provided to the student via on-screen comments. In
a future version of the AGP, that information will also be sent to the student via email. The total time
from file upload to receiving of comments is on the order of minutes. If the submission does not meet
various standards, the student is offered help via traditional help files and links to short video clips to
clarify specific concepts. In addition to a general critique of their work, students also see their grade.
The AGP system maintains a database of the feedback related to a particular part. This allows the
student to login at any time and review their work. The instructor can download grade results as
detailed data for each student and also as class averaged statistics. Thus, by querying on a certain



error, the instructor can find the distribution of how many students made that error. This allows for a
more customized classroom delivery, targeting lessons to the most common errors. The system is
designed to dovetail closely with the concept of Total Quality Management (TQM) [14,15].

The Automated Grading Platform is developed in coordination with the Faculty Innovation in
Teaching and Learning Center at the author’s university. The overall system specification is defined
and written by the Mechanical Engineering instructor and the FITL Center assembled a product
development group consisting of the course instructor, director of the Center as the project manager,
an interactive designer, two graduate student programmers from the Department of Computer Science
& Engineering and two graduate assistants from the Mechanical Engineering Department.
Undergraduate students who have already taken a CAD course will be asked to perform beta testing
of the software at various stages during its development. This structure of the development team is
important as we need strong coders and web-development resources paired with the content owners.
An additional goal is to provide our graduate students with exposure to a project of real-world
complexity and scope.

The system draws on the instructor’s extensive experience over the past ten years teaching Computer
Aided Design. He searched the market for a product with functionalities to assist him in grading
student assignments, however he did not find an existing product that could help him. This system
utilizes conventional education models and implements it into an automated platform for successful
teaching and learning. And while the idea of automatic grading tools is common in computer
programming (see, e.g. [23] and the references therein), it is the combination of the automation
technology with the pedagogical paradigm of TQM that makes the AGP unique. The AGP will have
a strong impact on the way that Computer Aided Design is taught and assessed in the future.

The Total Quality Paradigm

The AGP integrates into classroom use within the paradigm of Total Quality Management (TQM).
While there are many facets to TQM, the key concept that will be applied here is that of continuous
improvement [14,15]. A student’s work is only accepted for a grade if it is exemplary. If there are any
flaws, the student will receive feedback and have the opportunity to revise their work. This iterative
process of receive feedback — revise continues until the work has reached the standard set by the
instructor as exemplary. At that point, the assignment is marked as complete. The minimum number
of completed assignments required to achieve a given grade will be determined by the instructor.
Assignments that are flawed will not count towards the required tally. If a student submits a flawed
assignment, he or she has the option of re-doing the same assignment or choosing another one. This
gives the student the flexibility to choose assignments that they feel comfortable with. They get the
immediate feedback provided by the Automated Grading Platform, and they can choose which grade
they are aiming for based on the amount of time that they wish to invest in the course. In this setting,
only work that has met the instructor’s definition of exemplary is acceptable. In this paradigm, inferior
work is not punished. Rather, quality work is rewarded. The instructor sets the thresholds for each
grade in a way that the student is guaranteed to achieve a given level of proficiency with the course
goals. The student gets the advantage of choosing their own assignments and benefiting through
reinforcement via immediate feedback. There is strong evidence to suggest that the TQM paradigm
has value in an educational setting [16,17]. In fact, TQM has been shown to influence student



attitudes. As [18] points out, when students begin to expect to do quality work, they begin to be less
sloppy and pay more attention to details [18]. As an example of the use of TQM, consider an
assignment that consists of creating a solid model of one part. At the beginning of the term, the
instructor will assign 250 parts, grouped equally into ten bins, twenty-five parts per bin. Each bin
represents a fundamental concept and skill that the student must gain proficiency in. In order to earn
a particular grade, the student must successfully complete parts according to the schedule shown in
table 1 below:

Desired Grade Required Number of Accepted
Parts from Each Bin
12-14
9-11
6-8
3-5
2 0r less
Table 1: Part Thresholds per Grade

Ml O O W >

Deadlines are used at the discretion of the instructor. Within the assigned time frame for a particular
problem set, students have an unlimited number of attempts to revise their work, getting immediate
feedback at every step via the AGP. The instructor will post each student’s tally via the Learning
Management System (LMS) on a weekly basis. This, combined with the feedback from the AGP,
allows the student to know exactly where they stand at all times. The crux of this system is that, no
matter what grade a student achieves, all of the work that they have submitted is of the same high-
quality standard. In this paradigm, we are abandoning the model that once a student submits a piece
of work, it is “out-of-sight, out of mind” and that their grade is at the mercy of the instructor. Students
will continually work and re-work much greater quantities of problems than in the traditional model.
To fully implement the experiential learning cycle, at certain points in the revision process the student
will be required to perform a reflective observation. Here they identify any inconsistencies between
their current state of knowledge and that required for a successful completion of the assignment.
These reflections are used as the starting point for classroom discussions that specifically target
student weaknesses. In spite of the scant adoption of TQM in education, it is our contention that a
total quality teaching strategy with immediate feedback will improve student proficiency in
fundamental skills, increase student engagement, and break down barriers for students that work
remotely.

Similarity of the TQM Paradigm to Other Educational Models

As an educational framework, the Total Quality Management paradigm can be compared and
contrasted with other models, such as Learning for Mastery (LFM), pioneered by Benjamin Bloom
[20, 21] and the Keller Plan, a Personalized System of Instruction (PSI) [22]. In these models, as in
other initiatives in competency-based education, a student moves through the curriculum essentially



at their own pace. Once they have demonstrated mastery of a topic, say by performance on a test or
other assessment device, they are free to move on to the next topic. Students who do not demonstrate
this mastery are given reinforcement, before being assessed again. The TQM method shares the idea
of reinforcement, however it retains the idea of a fixed timeline. Within the timeline defined by the
instructor, students are encouraged to develop competency through volume. The grade a student
receives is directly correlated to the amount of quality work the student has completed. Work that
does not meet the standard defined as exemplary is not counted, yet the more exemplary work is done,
the higher the grade that is achieved. If a student feels, after several tries, that they cannot complete
a particular part, they are free to choose another. In the TQM model, there is nothing to prevent a
student from moving on to new material. While the reinforcement and revision aspects are shared
between TQM, LFM and PPI, the power of the TQM paradigm stems from its’ core principle of
continuous improvement. Providing immediate feedback allows students the opportunity for
reflection, which aids in the building of strategic thinking skills. So while we may emphasize the
volume of work done, it is important to recognize the role of targeted and immediate feedback in the
development of competency that is provided by TQM.

Design Approach

A five step process was utilized to conceptualize and design the ideal user-interface to ease navigation
and confirm proper functionalities for AGP. These initial analysis and evaluations were critical in
creating a strong foundation with which to move forward. Figure 1 below details each step and the
team members involved in the task.

1. Definition (Instructor)

% 2. UVUX Specification (instructor & Director)

% 3. Wireframe (interactive Designer)

% 4. Refined Wireframe (Development Team)

N2> 5 Graphic Design e s

Figure 1: Workflow Steps

The accuracy of the Definition phase was significant and led the development. It was critical to ensure
the full outline of each idea and to delineate all the individual components of the application in clearly
segmented ways. This process took several one-on-one analysis meetings and substantial time to
execute. The UI/UX Specification stage was preliminary for converting the textual information into
a visual representation of the application to prepare us for a kick-off discussion with the interactive
designer. After the meeting, our designer spent time reviewing and revising the Specification to
construct the Wireframe for the application. During this phase, the designer was very deliberate and
detailed in creating a clear, concise and user-friendly navigation flow for user ease in locating
significant links, recognizing action functions, and visualizing the function relationships in the Ul for
increased usability. Reviewing and refining is part of the product development process and the entire
development team was involved with this task. Additional functionalities were added, tweaks were



discussed, approved and applied. This process took us to the final phase, graphic design for decisions
on aesthetic, look and feel and logo design before beginning front-end development. A feel for the
user-interface can be had by examination of Figure 2 below, which shows the log-in screen.

@ n x o+
<« C  © Notsecure | autograde.engineering.nyu.edu/lo * @ ¢ O :

Automated Grading Platform

Hello again...

Password

-

Figure 2: AGP User Interface

AGP uses basic HTML and Javascript coding for front-end page structuring and design. The main
algorithm is coded in the Python programming language (Python 3.7), and uses Django as the web
framework and MySQL for back-end manipulation and logical processing. A combination of all these
programming tools allows for the development of different functionalities for executing AGP
procedures such as uploading files, saving files, processing and displaying content. The website is
hosted on university server space with a Windows 2019 server running IS as the web server.

AGP
Assignment Details [ Ul;f:;d mmad Parse Submission |-

= e Result Calculations : — Add to
s - e =

Result Calculations
& Error Processing

The most intricate component of AGP is the processing of student submitted files and the providing
of immediate grading feedback to students. The combined concepts and features, which validate this
platform is collecting assignments from students, auto-grading these submissions, and giving
feedback to students to allow for modification and re-submission until the student gets the grade that

Figure 3: AGP Grading Algorithm



he/she desires. The AGP grading algorithm, which compares the mass properties of a student-
provided file to those of an instructor provided reference file, originates from the Solidworks Macros
that have been used by the instructor for numerous years to perform the retrieval, manipulation and
storing of data from submitted and instructor reference files. Figure 3 shows a flowchart that
graphically depicts the how grading algorithm generically works.

According to the AGP system content algorithm, the instructor can enter a number of assignments
with a set number of parts for students to select from, complete, submit and re-submit until he/she is
satisfied with their grade. Hence, the student can continuously work on assignment parts to increase
the number of exemplary parts submitted to earn a maximum grade in the course. Table 2 below
shows an example of four parts submitted by a student for an assignment. (Note that in this particular
example, the instructor has set a threshold of a 90% match to the reference part as the definition of
exemplary).

Student | Assignment | Parts | % Match Grade

studentl | Assignmentl | Partl | 94.789931 | 100

studentl | Assignmentl | Part3 | 72.834293 | O

studentl | Assignmentl | Part6 | O 0

studentl | Assignmentl | Part8 | 93.3158424 | 100

Table 2: Representative Part Grades

The system grades the assignment by comparing the student’s solution to reference files saved in the
system by the instructor who set up the assignment.

Assemblies are evaluated in much the same way as individual parts. The biggest difference between
the two is in the uploading procedure. All files in an assembly are required to be uploaded as a single
compressed file (e.g. a zip file), which can easily be achieved in Windows OS applications by using
the Pack-and-Go utility. The AGP scans the contents of the compressed file. The user is then required
to manually map the filename of each uploaded file to that of a linked part in the assembly. The parts
are subsequently evaluated as individual entities as described earlier, while the assembly is then
evaluated in a similar fashion, i.e. by comparison to a reference file.

System Queuing
Traffic into the AGP server must be closely monitored. The AGP maintains a folder (Queue) which

is the default destination for any incoming file traffic. Files are timestamped as they arrive. The queue
folder maintains an ordered list of files based on their submission timestamp in a First-In-First-Out



(FIFO) order. The processing algorithm operates serially, there is only one thread (a task on the
server) that is allowed to operate at any given time. As an example, consider three files being uploaded
from three different users at approximately the same time. Due to subtle differences in user execution,
each file will have a different timestamp. The queue will save those files in the order of their
submission time (this is independent of the Solidworks creation date and time). Each of the three
submissions will try to invoke the processing algorithm to start the grading process. Only the very
first of those requests will be processed and the others are just simply ignored (thread processing).
Once the algorithm is done processing a file (success or error, regardless), it fetches the next one from
the queue folder and moves the current one to a proper destination folder post-processing. When the
queue encounters an empty list, it sends a request to quit Solidworks after a period of time. The
process repeats for every file submission.

Development

The programming development of AGP started in October 2019. One lead developer was assigned
the task of reading all generated documentation with the assistance of two mechanical engineering
graduate assistants (ME GAs) for the course being piloted. They wrote an analysis of how to proceed
with development. The developer works 20 hours a week with 1-3 hours spent on meeting with the
Center Director, the instructor and the ME GA. Initially, the developer concentrated on understanding
all the documentation, asking questions, compiling new information and generating new files to
organize the new found data. Given that we are funded by a school curriculum grant which requires
the completion of this project by the end of May, the development pace for this project is very
aggressive with plans to run 1-2 pilots by end of Spring 2020 semester. The instant focus for the
developer was fully understanding the macros, and deciding on the appropriate server for running all
needed tools to process the proposed algorithm. A significant amount of time was spent on testing the
performance of the defined macros, Solidworks software, Windows Server environment and Python
built-in functions and methods. Error analysis will continue to be a routine efficiency check for this
project. Challenges are part of product development. The biggest challenge is needing more work
hours to tackle a project of this magnitude, given we have part-time graduate student employees.
How we handle this daily challenge will determine the success of the project. The top priority for us
throughout the development process is AGP’s performance in the web-environment and how this will
scale as the number of simultaneous log-ins increase.

I11. Deployment & Testing of the AGP

In the Fall, 2019 semester the TQM paradigm was deployed independently of the AGP in an
undergraduate CAD class of 39 students. A working prototype of the AGP system was launched in
Spring, 2020. Internal testing was conducted by the development staff, and then a soft-pilot was
conducted using 20 student volunteers.

Attitudes Toward TQM

As a baseline, it was desired to ascertain the efficacy of and student attitudes toward the TQM
paradigm independent of the AGP. To this end, only the TQM approach was implemented in the Fall
2019 semester. Grading was done manually using a team of graduate students. There were 4
assignments given throughout the semester, each worth 30 points. The assignment consisted of



approximately 70 parts varying between one and five points in value. The window for each
assignment was 30 days long. Within that time, students were free to pick and choose any combination
of parts to achieve their desired total point value and had unlimited re-submissions. Grading was done
on a weekly basis. At the conclusion of the semester, a survey of nine questions was administered to
the class. And while the Likert scale in this initial survey was slightly skewed, future surveys will
have a more balanced focus. Results for overall satisfaction with TQM are shown in Figure 4 below,
while details of the remainder of the questions are presented in Appendix 1.

How Successful Do You Think the Grading System Is?

45%
40%
359% |
30%
25% |-
209% |
15%
10% |-
5% |

m

Extremely Very Successful Not

0%

Successtul Successtul Successtul

Figure 4: Representative Results of TQM Survey

Overall, student satisfaction with the total quality framework was quite high, with approximately 91%
of students indicating that the system was successful in some way. The majority of results confirmed
our expectations. Students generally responded well to the flexibility aspects of TQM and the ability
to resubmit parts that were faulty. Approximately 49% of students felt that work being either
completely acceptable or completely unacceptable had extreme value. This would suggest that these
students appreciate the lack of ambiguity offered by the TQM setting. An unexpected result involved
the question related to how many parts a student would submit if they received feedback faster. While
42% responded that they would submit more parts, 42% also replied that they would submit the same
amount of work and 16% replied that they would submit less work. This result suggests that the TQM
paradigm can support all work flows. Ostensibly, the 16% who would submit fewer parts would be
working more efficiently to achieve their course goals. The power of the re-submission concept is
shown by focusing on the two parts with the highest resubmission rates throughout the term. See the
data in tables 3 and 4 below.

Part A | Part B
Total Number of Students 102 102
Students who Resubmitted 43 31
42% 30%
Table 3: Resubmission Rates

The highest resubmission rates (without loss of generality, the parts are identified as Part A and Part



B) were 42% and 30%. More insightful, perhaps, is the distribution in the number of times a part was

Number of Resubmitions Part A Part B
1 27 63% 17 55%
2 10 23% 3 10%
3 3 7% 1 3%
>3 3 7% 10 32%

Table 4: Resubmission Distribution

resubmitted. While the highest frequency was for a single resubmission, resubmissions of two, three
and even more than three were significant. Of course, with the use of the AGP, more than three
submissions would raise a flag for the instructor to reach out to the student to discover the nature of
the difficulty and to devise a new plan of attack.

Internal Testing

As a testing exercise limited to the AGP developers, a random set of parts with a variety of intentional
flaws were graded using the AGP and also independently via manual hand-calculation of the AGP
algorithm. This was done in order to demonstrate that the software platform is bug-free and that the
grades produced by the AGP are as expected. The results are shown in Figure 5 below. The agreement
is excellent.

100 .

80 [ g

Manual Score
L

40 -

20 — -

P T I N I Y R B
0 10 20 30 40 50 60 70 80 90 100

AGP Score
Figure 5: AGP Scoring vs. Manual Scoring

Please note that for the final deployed version of the AGP, the displayed results will be Accepted/Not



Accepted, via the TQM paradigm. However, for the initial testing done at this stage, actual part scores
as determined by the AGP grading algorithm are used to ascertain system performance.

The Soft Pilot

Soft-pilot testing was conducted with 20 student volunteers, each of whom created four parts. A large
pool of parts was offered, and participants chose which parts to model. All parts were of a typical
complexity found in an undergraduate CAD course. A representative sample is shown in Figure 6
below:

Figure 6: Typical Part Assignment

Students were encouraged to create some parts as conscientiously as possible, while creating others
that intentionally introduced flaws (in a completely random manner). Flaws were to fall into one of
the following categories, shown in table 5:

Incorrect units

Part uniformly scaled up

Part uniformly scaled down

Omit a required feature

Add an extraneous feature

Intentionally modify a single dimension (oversize)

Intentionally modify a single dimension (undersize)

Intentionally model the wrong part

Table 5: Fault Categories

As a representative sample of a typical students’ results, refer to Figure 7 below. Due to the random
nature of the flaws, scores are unevenly distributed, as expected.

Results of various parts are shown in Figure 8 below. Each of the different series corresponds to a
different student. However, due to the flexibility offered by the TQM system, not every student did



the same parts. Hence, the students are not identified. The significant result here is that the system
can handle parts from across the entire spectrum of scores.

Student 01 - Results

100

NTe [~
80% —
70%
60% —
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409

Grade

30% —
20% —
10% —

0%

P1 P3 P6 P8

Problem

Figure 7: Typical Student Response
System Timing

No specific timing data were recorded during the soft-pilot. However, anecdotal evidence can be
deduced post hoc from certain observations. The soft-pilot consisted of 20 different users uploading
four files each, more or less sequentially. The overall processing time for the eighty files (41 minutes)
would suggest an average processing speed of approximately 30 seconds per file. Examination of the
posting of individual results, however, would suggest an approximate average processing speed of 20
seconds per file. This is raw processing time for the AGP. Overhead for data input/output and screen
interface is to be expected, so this is not what the user would experience while waiting in front of the
computer. It does, however, lend credence to our claim that the AGP will process files on the order
of minutes, providing the user with while-you-wait feedback.

Plans for the Future

Logic has been determined to give more qualitative feedback based on metrics calculated from mass
properties. These will be tested in the next pilot study, which we also anticipate will involve more
student users. Another of our major goals over the next several months of the project is to include the
ability to track actual features of the solid model, in addition to its mass properties. This, when
combined with the logic mentioned above, will allow for a substantial amount of qualitative feedback
to be provided to the user. Since our interpretation of the TQM focuses on the re-submission of parts
until they are exemplary (as defined by the instructor), we intend to guide the user toward this goal
with targeted feedback from the current submission. While current efforts are focused on testing and
refining the AGP’s ability to process both parts and assemblies, in the future we intend to expand the
capabilities of the AGP to also evaluate 2-D drawings. After extensive testing to ensure a robust and



secure platform, we will invite interested CAD users to log into the AGP site and take advantage of
its unique capabilities.
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1VV. Conclusions

The conception, development and initial testing of an automated, web-based platform for the grading
of solid models has been presented. It grades parts and assemblies in real-time, while the student
waits. Coupled with the Total Quality Management (TQM) paradigm, it is a powerful tool for students
to develop proficiency in fundamental CAD skills in an efficient manner that is tailored to their
specific workflow. The true value of the system can best be viewed in a broader context. The AGP
allows for deeper student engagement in the course and encourages each student to continuously
improve their work. The downtime typically associated with grading is effectively eliminated, and
the immediate feedback essentially provides each student with the instructor’s attention at any time,
day or night. Students who are working remotely have the same advantages of those who are
physically on campus. Test results have shown that the system is robust and accurate and can handle
typical web traffic with aplomb. Further refinement will continue in the future.
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Appendix 1:

Details from TQM Survey
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