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Using Lightweight Formats in Computer Graphics Education 
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Department of Computer Graphics Technology  
Purdue University, West Lafayette, IN 47907  

  
  
 
  
ABSTRACT – Lightweight file formats are an effective 

means of sharing and storing 3D data. Currently several 

different format options are available that increase the 

availability of the 3D database in various applications. This 

paper examines the background and current industry 

applications of these lightweight file formats. Three 

applications in educational/training settings are provided 

and reviewed in detail. In all of the cases, the Adobe 3D 

PDF lightweight file format was used to provide interactive 

3D graphics. Survey instruments were used to capture 

participants’ perceptions and opinions on the effectiveness 

of the lightweight formats as a display and communication 

tool in two of the cases. The third research case involved the 

use of 3D lightweight graphics in an airplane maintenance 

operation using a comparison of task completion time using 

traditional and 3D PDF format methods. Results of all three 

studies are reported. Advantages and disadvantages of the 

lightweight formats are considered, as well as potential 

applications in both industrial and educational settings.  

 

I. Introduction  

The use of lightweight CAD/CAE file formats is 

becoming more prevalent in management of product 

information throughout the lifecycle, including embedding 

in websites for customer support, use in long-term data 

archival scenarios, and within the manufacturing supply 

chain (Butkovich, 2006). Such applications enable the 

power of the 3D CAD model as a conceptual and systematic 

design tool to be shared across dissimilar platforms and 

varied geographic locations. Multiple products currently 

exist for sharing data in lightweight form, including JT, 

3DXML, U3D, X3D, Collada and others. The nature of 

lightweight 3D formats makes them suitable for use in many 

scenarios due to their compressed file size along with 

scaleable and relative geometric accuracy (Hartman & Lim, 

2008). 

 

II. Background  

Data exchange typically falls into one of three 

categories: paper-to-CAD, part-to-CAD, or CAD-to-CAD 

(Hudspeth, 2006). The problems surrounding data exchange 

(e.g., accuracy, design intent, corporate standards) exist in 

these various scenarios primarily due to incompatibility 

between geometry kernels within current CAD systems and 

a lack of standard modeling methodologies when converting 

paper-based designs. The movement of digital data is of 

primary concern, since most organizations will only re-

model paper-based design as necessary, and this is 

facilitated by more traditional technologies, such as IGES 

and STEP. However, contemporary technologies, such as 

JT, U3D/PRC and 3DXML exist to fill a void in the data 

sharing scenario. 

Indeed, many companies have begun adopting the latter 

options for communication within and outside their 

organizations, in addition to use within typical engineering 

design tasks. With the proliferation of emerging 
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visualization formats, confusion exists in industry with 

regard to the use of these formats relative to STEP and other 

standard data formats. As technology vendors advance the 

capability of “lightweight” file formats, selecting the 

appropriate file format for a specific purpose is critical to 

the communication and collaboration process (Hartman, 

2009).  

Companies are spending millions of dollars 

implementing PLM tools sets, reasoning that they will be 

able to communicate more effectively the design of their 

products (Amann, 2004; Daratech, 2004).. However, this 

thought is based on the assumption that the toolsets within 

the PLM environment will share data in such a way that 

product data communication is promoted. Unfortunately, 

data sharing in the PLM environment is often sabotaged by 

incompatibilities between software tools, and by the lack of 

functionality in emerging technologies within the CAD 

software suite, including neutral file formats.  Studies have 

shown that companies spend billions of dollars dealing with 

communications issues resulting from data incompatibility 

(Brunnermeier & Martin, 1999; Gallagher et. al., 2004). In a 

recent survey by Kubotek USA (Kubotek, 2006), more than 

2800 CAD managers and users were surveyed regarding the 

issues they face regarding CAD interoperability. They 

reported substantial issues with needing to re-model 

geometry, inaccurate data transfer, and loss of embedded 

intelligence and functionality in the resulting geometry. 

 

III. Research Studies  

The following section presents three research studies 

conducted at Purdue University by senior capstone students 

in Computer Graphics Technology. While limited in scope, 

they represent work conducted in alignment with the 

references cited above. In addition, Hartman (2009) 

conducted interviews with major aerospace, construction, 

and agricultural machinery companies, and found they use 

graphics-based work instructions for assembling and 

servicing their products, which use 3D lightweight formats 

for shop floor communications. The three studies presented 

here use technology on par with that used in the 

aforementioned industrial settings. 

 

Knee Replacement Project 

A recent project by Purdue University students in a 

capstone design course led to the development and testing of 

an interactive website that utilized a dynamic simulation of 

knee replacement hardware (Connolly, Batta, Morgan, 

Wack, & Wheeler, 2009). The goal was to provide an 

informative, simple to use, and understandable resource for 

individuals seeking information on joint replacement 

surgery. In order to show the physiology and complexity of 

the knee joint and joint replacement hardware, a complex 

CAD model was developed. For the model to be effective in 

the resultant simulation, 3D PDF lightweight formatting was 

used via Adobe Acrobat to capture the model geometry. The 

use of 3D PDF formatting allowed for viewer control of the 

3D image on the website, including real time rotation, 

panning, zoom operations, default viewing angles, 

projection, lighting and shading, and cut-away 

representation (see Figure 1). 

 

 
Figure 1. 3D PDF Knee Joint Simulation 
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A survey was utilized to gather user perception of the 

effectiveness of the 3D simulation and website. Participants 

in the research and survey were 100 individuals from 20 - 

70+ years of age. 

 

Bicycle Repair Project 

A second research study involved the development and 

testing of an interactive manual for mechanics in the bicycle 

repair field. Many small bicycle businesses utilize an 

inordinate amount of resource attempting to retain 

knowledge of experienced personnel and training 

replacement personnel in basic bicycle repair tasks.  While 

many options exist for such training, very few of these allow 

for user interaction with dynamic images in a real time 

environment. The study involved the creation of a bicycle 

headset assembly simulation utilizing CAD models and 

reverse engineering techniques. A PDF training manual was 

created, with 3D PDF animations imbedded (see Figure 2). 

Participants in the study were 15 employees from two 

bicycle shops. The age of the participants ranged from 18 – 

59, and experience in bicycle repair ranged from minimal to 

very experienced. Survey data was gathered from this group 

to measure the perceived effectiveness and usefulness of the 

3D PDF portion of the repair manual. 

 

 
Figure 2. 3D PDF Bicycle Manual 

Carburetor Assembly Project 

Currently students and technicians in aviation education 

programs  are using only static paper and electronic 

reference manuals.  Because the manuals are static, the 

potential exists for inaccurate and incomplete information, 

which causes interpretation and safety issues with 

maintenance workers. There is a team of Purdue students 

from a variety of majors who are working on a project 

called “Hangar of the Future”, which is attempting to make 

aircraft hangars more technologically advanced.  One part of 

their vision is for aircraft maintenance workers to be able to 

use mobile devices such as PDAs and cell phones to view 

3D models that convey the same information as current 

manuals.   

To support this research, it needs to be known whether 

or not using models is an easier and quicker way to perform 

maintenance operations.  In order for this to be successful 

the models would need to be paired with the same 

information and directions as current manuals.  One possible 

solution to address this concern is Adobe’s 3D PDF 

package. The study involved the use of static (control group, 

n=11) and 3D (experimental group, n=11) repair manuals 

for assembly and disassembly of an aircraft engine 

carburetor during routine maintenance. During the task, data 

was recorded and analyzed relative to time on task and 

mental workload. The basic premise was whether or not the 

3D PDF version of the maintenance manual was at least as 

good at conveying information as the static paper manual. 

Safety and accuracy requirements imposed by the FAA 

were also in question during this project. No matter how 

novel the approach, if the digital version of the manual 

could not provide the same information as the paper manual, 

then its use in flight-certified operations would be unlikely. 

Figure 3 shows the traditional representation of the 

carburetor in the paper-based repair manual. 
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Figure 3: Traditional Exploded View of Carburetor 

 

IV. Results 

Knee Replacement Website 

ANOVA results from the survey data showed that age 

was not a factor in the responses to the survey questionnaire, 

indicating that the informational website was an effective 

tool for all ages. Survey responses showed that 84% of the 

participants reported increased information from the site. 

55% stated that the 3D PDF simulation was the most 

effective way of communicating the necessary information 

(see Figure 4), and 95% reported that they would 

recommend the site to others. 

 

Bicycle Repair Manual 

The results of the survey given to the participants in the 

bicycle repair manual project showed that there was a wide 

variety in preferences for information sources, ranging from 

computer/Internet-based to traditional paper-based and face-

to-face communication. However, 47% of the participants 

reported that they experienced increased knowledge from 

 
Figure 4. Knee Replacement Simulation Effectiveness 

 
using the PDF manual. All of the participants stated that 

they would use the PDF solution in their work if given the 

opportunity, and that they would recommend the PDF 

solution to others. Additional feedback from the respondents 

indicated that they felt the PDF tool could be helpful in 

training those with language barriers. 55% of the 

participants reported that the animated 3D PDF model was 

the most effective method of instruction for the given task, 

and 54% stated that the 3D PDF simulation was the fastest 

method of instruction  for the assigned task (see Figures 5-

6). 

 

 
 

Figure 5. Bicycle Repair Simulation Effectivenes 
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Figure 6. Bicycle Repair Simulation Speed of Instruction 

 

Carburetor  Repair Manual 

Figure 7 shows the CAD model of the carburetor that 

was used for this test. Figure 8 shows that same CAD model 

imported into the 3D PDF environment. Notice the 3D DPF 

“wrapper” captures the product structure form the native 

CAD model. This was particularly useful to the participants 

as they performed the assembly work. 

 

 
Figure 7: CAD Model of Carburetor 

 

 
Figure 8: 3D PDF Representation of Carburetor Model 

 

The results of the study (shown in figures 9 and 10) exhibit 

a tendency towards reduced time on task and reduced 

mental workload. While these studies are not conclusive or 

exhaustive as to the use of lightweight format in the 

performance of assembly and maintenance tasks, they do 

appear to point towards viability in that domain. Both time 

on task and mental workload appeared to be reduced at 

statistically significant levels. 

 

 
Figure 9: Time on Task Comparison of Carburetor 

Assembly 
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Figure 10: Mental Workload Comparison of Carburetor 

Assembly 

 

V. Conclusions  

The implications for this work are promising and 

potentially wide-reaching. The main focus of this paper was 

not to expose sophisticated research with this technology, 

although that is a plan going forward. It was to expose this 

technology as a potentially viable communications medium 

to be leveraged throughout the product lifecycle. However, 

if it is to be used effectively, it is important that accurate and 

usable geometric definitions of the product be created in the 

design stage of the product lifecycle. As such, the 

establishment and use of modeling standards is important. 

Standards that stress the creation of flexible models and the 

re-use of model geometry (versus re-creating one’s own 

geometry) are key to this process. Consistent data in the 

communications channels is critical in order to support the 

supply chain and the service sector. The ability to leverage 

the 3D geometric database continues to become a reality 

with the use of lightweight formats. The level of resources 

put into the creation of the model is considerable, and the 

ability to use lightweight 3D models to communicate is an 

effective return on those investments. In addition, it allows 

organizations to free monetary resources from being tied up 

in CAD licenses. No longer does a person need a license of 

CAD software just to view or interrogate a CAD model. 

They can use one of a host of free or low-cost viewing tools 

exactly for this purpose. 

Future studies point towards the devices that enable 

communication, such as mobile computing and web 

dissemination. HCI issues, mobile networks and device 

technology, accuracy and openness of standards are all areas 

that need to be examined if these data formats are to be 

accepted as an equal substitute to their “heavyweight” 

CAD-based counterparts. In addition, task analysis in 

specific contexts is also necessary. Similar to the study 

above in the aviation domain, other contexts may have 

operating procedures, safety requirements, communications 

protocols, or other ways of communicating that render these 

technologies difficult to use. Those issues must be 

addressed, as this technology represents an improvement to 

typical communications in the engineering and product 

design spaces. 
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Purdue University, West Lafayette, IN 47907 

 
 

ABSTRACT - This informational article presents a 

successful framework of best practices for interactive 

media and animation online learning environments 

that can be applied to all computer graphics 

technology distance courses. Observation-based 

research and an online survey was used as follow-

ups to prior studies by Harris & Blue (2008), and 

Harris, Duff, & Lestar (2007), which focused on the 

perception of the student. This information article 

focuses on a presentation of ideas from the 

perspective of the professor. Computer graphics 

technology courses can be taught successfully online, 

but with different approaches to learning and 

different approaches to teaching. 

 

I. Introduction 

Schlosser & Simonson (2006) defined online 

education as “institution-based, formal education 

where the learning group is separated geographically, 

and where interactive telecommunications systems 

are used to connect learners, resources, and 

instructors.” Even though the approach to teaching 

online is different from face-to-face instruction; 

however, the teaching pedagogy, required content 

expertise, and need for meaningful learning remains 

constant.  

     Knowledge of teaching pedagogy leads to 

successful online teaching. Instructors who have 

basic knowledge of learning theory, specifically 

online learning theory, have a distinct advantage  

 

(Simonson, Schlosser, & Hanson,1999). Teachers 

who can translate their face-to-face skills in 

managing collaboration, engaging students in 

activities, and asking effective questions, to the 

virtual world, will be successful online instructors 

(Crys, 1997; Harris, Duff, & Lestar, 2007; Abel, 

2005; Chickering, 1987).   

     And of course, it is understood that faculty should 

have content expertise. In addition, faculty need to 

know copyright compliance, and institutional content 

ownership.  

     Jonassen (n.d.) who examined the characteristics 

of meaningful learning as guidelines for designing 

constructivist learning environments, says that 

meaningful learning is composed of a variety of 

adjectives. It should be reflective, conversational, 

active, and collaborative. Online events should be 

intentional, contextual, constructive, and complex 

enough to show rigor. The first time a course is 

taught online, it requires a commitment of time to 

course design and production, weeks before the 

course begins. Online teachers who use the technical 

features of the interactive interface will provide a 

much more robust experience for the students. Crys 

(1997) even goes so far as to say that instructors who 

can apply graphic design and visual thinking skills to 

their online course, have the potential for a more 

successful distance learning course. 

     How does an instructor decide what Course 

Management System (CMS) or Learning 
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Management System (LMS) to use for his online 

course? If the instructor is committed to develop the 

digital assets, is a content expert, and has a grasp of 

teaching pedagogy, where does he begin? Unless 

instructors select to use an open sourced CMS, they 

are usually limited to using the software that is 

licensed by their university to deliver the online 

course.  

     Blackboard, a Washington, D.C. company, which 

hosts the online interface of more than 5,000 

institutions worldwide, bought out WebCT several 

years ago and recently bought out ANGEL Learning 

of Indianapolis. When the author designed and 

implemented an online graduate program for industry 

professionals and online graduate students, there 

were several practices that were learned for online 

learning success (Harris, Duff, & Lestar, 2007; Harris 

& Blue, 2008). The course that was used as a pilot 

test for collecting continuing best practices for this 

study was CGT 581 Storytelling for Interactive 

Media and animation, which was taught by the author 

the summer of 2009 at Purdue University through the 

Department of Computer Graphics Technology. The 

course was accessible through BlackboardVista, 

which is the CMS used at Purdue University. Other 

universities using Blackboard include The University 

of Texas at Austin, Arizona State University, The 

University of Cincinnati, The University of 

Manchester, and The Caribbean University in Latin 

America. Other CMS/LMS’s are ANGEL Learning, 

Desire 2 Learn (D2L), eCollege, or other open source 

models, such as Sakai, Moodle, etc.  

     The benefits to using a CMS like Blackboard is 

that grades can be distributed to the students securely 

and electronically, grades can be submitted to the 

registrar, online tests can be given, student progress 

can be tracked, and assignments can be distributed 

and received online. Students use a CMS because 

they have 24/7 access to the posted course materials. 

They can network with other classmates online and 

collaborate with them. They can receive feedback on 

their work without waiting until the next class begins. 

They also have the convenience of turning in their 

assignments electronically (Blackboard, Inc., 2009). 

 

II. Best practices: Preparation workshop 

     A best practice is that prior to taking the course, 

students should be required: (1) to participate in 

either a face-to-face workshop on the online 

experience, or (2) to review a tutorial either before 

the session begins or as a part of the first week. This 

prepares them for the technical expectations of the 

course.  

     Since it is important to address the different 

learning styles of students, a professional training 

workshop should also be arranged for the faculty who 

will be teaching online. Teachers are content experts, 

but not necessarily technology experts. This is 

especially true when adjuncts are used to teach the 

online courses. It is important for faculty to take 

advantage of these opportunities. This is the best 

place to begin the journey of online content design. 

     There are a number of comprehensive websites 

about best practices for online learning (Refer to 

Figure 1). 

 

URLs for Online Learning Best Practices 
 
RODP Standards and Template Guidelines at 
rodp.org 
SREB Principles of Good Practice at ecinitiatives.org 
TLT/Seven Principles Library at tltgroup.org 
Good Models of Teaching with Technology as 
knowledgeloom.org 
Assessment at uts.edu.au 
Good Practices in Student Assessment at ucd.edu 
http://www.a-hec.org/IsL_2005.html 
 

 Figure 1 
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III. Best practices: Incentives and rewards  

for faculty 

     Research has shown that if a college wants to 

increase the number of distance learning courses and 

students, a system of faculty incentives and rewards 

should be in place by the administration to encourage 

the effort that goes behind developing and delivering 

an online course (Simonson et al., 2006). Putting 

together a totally online course requires a lot of 

preliminary work before the start of the course. 

     At Purdue University, the information 

technologists offer an annual workshop to those 

professors who are interested in constructing an 

online course. There are technical consultants who 

work one-on-one with the professors to answer any 

technical questions about the BlackboardVista 

interface features. During the course delivery, 

reliable and timely technical support is a top 

requirement for the success of an online class. 

     TLT (Teaching & Learning Technologies) 

Distance Education Incentive Awards Program at 

Purdue University offers a $3,000 incentive award to 

the faculty member who builds and teaches the most 

high quality totally online course of the year. The 

faculty member will be recognized at the annual TLT 

Conference awards presentation.  

 

IV. Interface design 

     The first thing a student sees when accessing the 

online course is the interface design. It should be as 

transparent as possible (Mehrota, Hollister, & 

McGahey, 2001). The Blackboard interface design of 

2006 had appeal to the online students (Harris, Duff, 

& Lestar, 2007). When Blackboard merged with 

WebCT and ended up with BlackboardVista, many 

students complained about the confusing interface 

(Harris, 2008). The homepage of a site should be  

visually pleasing, and the navigation and structure 

should be easy to understand. In order to visually 

simplify the interface, the author suggests using a 

custom HTML template and working with the IT 

department to make sure it is uploaded on the 

Blackboard server. The technical consultant at 

Purdue have developed several customized templates 

to select. 

     The interface design that was used by the pilot 

course (refer to Figure 2) had a mug shot of the 

professor, name and number of the course, website 

address, e-mail address, and a number of customized 

colorful icons that were created in Adobe Illustrator 

by the author. The links on the homepage were: (1) 

Start Here, (2) Introduce yourself, (3) Assignment 

Dropbox, (4) Learning Modules, (5) Syllabus, (6) 

Quizzes, (7) Discussion Boards, and (8) Virtual 

Office. The students have the option of clicking on 

the arrows on the left border to reveal the limited 

Blackboard menu with the following: (1) 

Announcements, (2) Mail, (3) Media Library, (4) 

Web Links. There were also “My tools,” to reveal 

additional tools for the student: (1) “My Grades,” (2) 

“My files,” and (3) “Notes.” 

 

V. Online Tools 

     CMS/LMS options give the instructor a variety of 

capabilities, such as a bulletin board function, a real-

time chat feature, file upload capabilities, e-mail 

communication from the classmates, areas for 

announcements, course information, assignments, 

and external Web links. In addition, a CMS/LMS 

usually offers testing capabilities, grade book 

features, and the ability to track the student online 

time and use of the program (Refer to Figure 3). 
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Homepage 

 
Figure 2 
 
 
Purdue University Centrally-managed CMS  

 
Tools 

 
Features 

Communication Announcements, Chat, Whiteboard, 
Discussions, Mail, Blog, Journal 

Presentation and 
Content Delivery 

Syllabus, Learning Module, Media Library, 
Web Links 

Assessment Assignment, Self-Test, Survey, Quiz 

Management Grade Book, Group Manager, Activity 
Tracking 

Student Notes, My Grades, My Files, To-Do List 

Source: 2009-2010 Distance Education Faculty Technology 
Workshop, Purdue University 
Figure 3 
 

VI. Online communication 
 
     Many students sign up for an online course with 

the misunderstanding of the expectations (Harris & 

Blue, 2008; Harris, Duff, & Lestar, 2007). They 

believe online learning is completely self-paced, 

takes less time and effort than a face-to-face 

university course, and offers no interaction between 

the classmates. Encouraging contact among students, 

and also between students and faculty is an important 

best practice, because it forms an online community. 

In the CGT online course, communication was 

encouraged through supporting academic and 

learning resources and communication features.  

     Supporting resources in the pilot online course 

included a “Start Here” link. A system for online 

university research should be in place so that students 

can do their research using online resources that are 

equivalent to the on-campus student resources. A 

system for online research access and support should 

also be in place. A “Web Links” list of URLs can be 

added linking the student to the online library and 

technical help. When students are not prepared for 

online learning, an online tutorial should be available 
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one week before the course begins. The “Start Here” 

link provided an optional online learning tutorial and 

optional quiz. Textbooks need to be ordered or 

purchased early, since most online courses are shorter 

than on-campus courses. 

     Communication features used to encourage a 

virtual community included an interview of the 

professor, profiles of the students, weekly general 

discussion forums, and virtual office hours.  

 

Profiles 

     One best practice is to produce a movie clip – 

“Meet the Professor” -- as an interview of the 

professor, so that students could get to know the 

instructor’s background. This can be produced using 

video capture of iMovie that comes free with every 

new Macintosh computer, or using iSight, an 

affordable webcam that is hooked to your Macintosh 

computer.  If a PC is used for production of the 

online assets, then a webcam can be hooked to the 

computer and used with free tools for recording 

webcam videos. Windows Movie Maker comes with 

Windows XP and Vista, or you can download a 

freeware webcam recording tool called Broadcaster 

StudioPRO. 

     A “Student Profile” link was established so that 

each student could also introduce himself or herself 

and post a photograph. This helps form professional 

networking for the students. Demographic 

information can be provided, such as profession, 

educational level, age, background, family, etc. 

Posting the reason for taking the class also helps with 

the networking.  

     In prior online courses, many of the students were 

industry professionals. Some of the traditional 

graduate students developed business relationships 

with the industry professionals to help them with 

future jobs. That is why it is important to remember 

that online behavior could be observed by your future 

supervisor. 

 

Weekly General Discussion Board 

     Each week two threaded discussion forums were 

set up. One was the “General Weekly Discussion” 

forum where students and teachers could post 

conversational questions and statements about the 

lectures, assignments, deadlines, frustrations, kudos, 

etc. Everyone participates in responding to the posts, 

not just the instructor. This is part of the classroom 

participation. 

 

Virtual Office Hours 

     For prompt feedback, virtual office hours were set 

up, so that students knew that there was an 

established time to virtually chat with the professor. 

Because students who were taking this course were 

from countries outside of the United States, or from 

different states, or were working during the day, this 

feature was not utilized as much as the general 

discussion board or e-mail. There were boundaries 

established for communication with the professor, so 

that the expectation was not that she was available 

24-7. Communication began at 8:00 a.m. on 

Mondays and continued to the end of the day on 

Fridays. After Friday evening the students understood 

that they could communicate with each other, but that 

the professor would not be online until Monday 

morning; otherwise, students will be e-mailing at 

1:00 a.m. and expect a response right away. This 

boundary helps students monitor their time and 

deadlines, and learn to respect the time of the 

professor. 
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In a course offered during the autumn or spring 

semesters, at least one Adobe Connect conference 

presentation should take place. 

 

VII. Online presentation and content delivery 

     The content of online courses should be as 

rigorous as face-to-face courses of the same subject 

matter. Learning can be supported using a variety of 

strategies, which include creative thinking, critical 

thinking, and problem solving. Through role playing, 

hands-on experience, as well as gathering 

information, and content analysis, online learning 

takes place. This takes preliminary planning and 

organization on the part of the instructor. Since 

Murphy’s Law often plays into the delivery of 

technology, have a Plan B that can be deployed if the 

primary delivery system should fail at some point. 

Having google e-mails as backups, and using 

googledocs is an emergency alternative method of 

delivery. 

 

Introduction to the Online Course 

     The pilot course content delivery began with a 

short movie clip of the introduction to the course of 

the professor talking. In the movie clip the student is 

given information about the course expectations and 

deadlines, the interface, navigation, and content of 

the course. High expectations were communicated as 

well as a respect for diverse talents and ways of 

learning. 

     The course syllabus for this course was produced 

using Dreamweaver, so that any revisions to the 

content could be easily uploaded to the University 

server. Straight HTML, Adobe Acrobat file or a PDF 

can also be posted, if Dreamweaver is not used. A 

section explaining the minimum computer 

requirements should be listed either on the syllabus 

or in the “Start Here” link. 

 

Learning Modules: Lectures 

     Each week there were lectures posted. Some 

lectures were from the CD in the textbook, and the 

others were produced. If you are using a PC to 

construct your lectures, you can use a piece of 

software called “Presenter.” Students with different 

platforms can view the files. If you are constructing 

your lectures using a PC or Macintosh computer and 

you only have Microsoft Office software, you can 

narrate Powerpoint presentations. Using lots of 

graphics makes the presentation more interesting to 

view. Audio files can be made visible, so that the 

students can copy the audio file on their iPODs. It is 

important to find out the file size limitation of 

uploading to your server. Most of the lectures in the 

CGT course had to be sectioned into modules. To 

reduce the file size, it is suggested that audio files be 

linked, not embedded. 

 

Learning Modules: Reading 

     Both textbook readings from the two required 

books, and journal article(s) were posted each week. 

Additional handouts, articles, or URLs were posted 

for reading or reference. 

 

Research Discussion Board 

     The second threaded discussion forum is an 

academic research one. So that the students continue 

to collect journal articles for their literature reviews 

(for the thesis or directed project), practice mini-

literature reviews are posted. A storytelling article 

was posted each week. The students read the article 

and textbook reading first, then found an additional 

article on the topic, and posted their answers to the 

research discussion question. The posting should be 
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several paragraphs of academic writing and in third 

person (like a literature review), with APA citings, 

and a reference list at the end. The citings refer to: (1) 

weekly posted article, (2) the additional attached PDF 

journal article. Students were required to respond to 

two other posts. They could do this in first person and 

with or without citings. An example of a discussion 

board post was posted for their reference. The 

research activity was worth 25 points each week with 

up to 15 points for the original post, and up to 5 

points each for the responses. 

 

Weekly Activities 

     Weekly activities can consist of challenges and 

reflection. The “Creative Thinking Hat Challenges,” 

which involved creative problem solving or hands-on 

activities allow the students to use their imaginations. 

The “Critical Thinking Hat Challenges” allow the 

students to meet the challenge of the critique and 

learn to think with logic. 

     Assignments were written in Microsoft Word and 

“dropped” in the digital “Assignment Dropbox.” 

When the assignments were graded, they were 

returned electronically to the student with a matrix of 

their grading criteria, as well as comments from the 

instructor. All assignments were due by midnight on 

Sunday. 

 

Weekly Reflection Activities 

     In a semester course, which is a longer session 

than summer courses, a best practice of blogging 

should be implemented. In past courses students kept 

an online journal that the instructor had access to 

read. Participation in the journal was worth 10 points 

each week. Each student reflected upon the concepts 

learned during the week and selected one to discuss, 

and/or express areas of confusion or concern. 

Presentation Tool: Adobe Presenter 

Narrated lectures with PowerPoint, self-study 

tutorials or demonstrations, research presentations, or 

interactive quiz reviews can be produced with Adobe 

Presenter. This tool produces dynamic presentations 

with narrated voice-overs, and can be published as a 

presentation on Adobe Connect server, your server, 

or as a PDF file. This presentation tool production 

was initially limited to the PC platform; however, 

Bootcamp comes with every new Macintosh 

computer so that Windows Presenter files can be 

produced on the Mac platform. Presenter can be 

viewed from all platforms. Adobe Presenter 

incorporates videos, software simulations, 

animations, and quizzes through use of a plug-in fully 

integrated with Microsoft PowerPoint. For hearing-

impaired students, add notes to the PowerPoint slides. 

A sample can be found at https://admin.adobe.               

acrobat.coma227210/getstartedpresenter/.   

 

Presentation Tool: Adobe Connect 

Adobe Connect is a real-time conferencing tool with 

video and audio that can be used as a presentation or 

collaboration tool. Adobe Connect develops 

reciprocity and cooperation among students and 

encourages active learning. PowerPoint presentations 

can be uploaded and files can be shared with the 

participants to deliver lectures virtually. This tool 

allows for great opportunities for guest speakers 

through the use of a headset/microphone and a Web 

camera. If you own a Macintosh computer, you 

probably have a camera already built in the monitor. 

Virtual office hours, breakout rooms for student team 

work, chatting, hand-raising, and drawing on a white 

board are some of the features of this online tool. All 

meetings can be recorded and stored on the Connect 

server for those students not able to attend the 
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conference meeting  (http://gomeet.itap.purdue.edu/ 

p69478892). On a smaller scale, the freeware version 

of Skype (www.skype.com) works well for small 

group meetings. 

 

Screen Recording Software 

Screen recording software is an online tool that is 

very helpful if you are demonstrating the use of 

software, or you want to capture an Internet session. 

Screen content, movement and audio are captured. 

The tools allow for post-production editing and have 

many publishing options. If you are looking for a 

freeware for audio only, try downloading Audacity 

(www.audacity.com) for producing audio, and edit in 

Adobe Soundbooth. 

 

IIX. Online assessment 

     Course outcome assessment activities should be 

integrated as a part of the course delivery. The 

learning outcomes should be listed each week 

indicating that through the weekly activities, the 

student will achieve these specific outcomes.  

     Course learning outcomes were posted in the 

syllabus in the pilot course, and also on a weekly 

basis. The following is a list of outcomes for the 

online course: 

1. Effectively navigate through the BlackboardVista 

interface. 

2. Identify the basics of storytelling for interactive 

media and animation. 

3. Apply creative thinking approaches to solving 

problems. 

4. Build a story with the focus on content, context, 

conflict, and plot. 

5. Analyze the differences and similarities between a  

storyboard, an animatic, and the final product. 

6. Compare the relationship between acting and the 

character's emotions and body language. 

7. Describe how to develop a character in a story. 

8. Describe how space and time change a story. 

9. Gather, analyze, and apply knowledge from 

academic research and storytelling resources. 

10. Write the beginning of a literature review on 

storytelling. 

11. Write a script for an interactive media or 

animation short. 

     Grading matrixes were developed by the author, 

so that students understand the criteria for the grades. 

A grading matrix was developed for each of the 

following activities: (1) creative thinking challenge 

(Refer to Figure 5), (2) critique thinking and inquiry 

challenge (Refer to Figure 6), (3) research (Refer to 

Figure 7), and (4) short script communication (Refer 

to Figure 8). 
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Comparison of Screen Recording Software 
Software SnapzProX Captivate Camtasia ScreenCorder 
Co. Ambrosia Adobe Techsmith Matchware 
Platform Mac PC and Mac Windows XP/Vista Windows 
Cost $69 $249 $179 University license 
Features Records full motion 

video with digital audio 
and an optional 
microphone voiceover 
on your computer 
screen; 
Great for 
demonstrations; 
Saves it as a QT movie 
or screenshot 

Automatic creation of 
callouts 
Interactivity options 
Flash 
Quiz options are a good 
feature 

PowerPoint plug-in provided 
Record from attached video 
camera to include in 
presentation 
Variety of video formats 
produced 
Full-motion video editing 
capability 

AVI, WMV and Flash video 
Easy and quick editing 

URL http://www.ambrosiaw.c
om/ utilities/snapzprox/ 

http://www.adobe.com/pro
ducts/captivate/ 

http://www.techsmith.com/cam
tasia.asp 

http://www.matchware.com/
en/products/screencorder 
 

Figure 4 
 
 
Creative thinking challenge matrix 

 
Figure 5 
 
 
Critique thinking and inquiry challenge matrix 

 
Figure 6 
 
 
Research matrix 

 
Figure 7 
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Short script communication matrix 

 
Figure 8 
 
Assessment Tool: Blackboard Quizzes 

     A weekly quiz was posted as a review of weekly 

concepts. The student had three attempts to take the 

quiz. In the first quiz the scores were averaged. After 

that a new approach was used. The students had three 

attempts, but only the highest score was 

automatically recorded in the gradebook. The 

students used their first attempt as a study guide. The 

questions were randomized for each attempt. The 

author created a Microsoft Word document of the 

quiz and copied and pasted the questions and answers  

into the assessment feature. The scores were released 

to the students so that they could see their 

improvement on the quizzes. 

 

Assessment Tool: Respondus 

     This online tool allows the instructor to create 

exams and surveys offline, whereas Blackboard 

assessments are produced online. The drawback is 

that is only available in the Windows environment, 

and not compatible with the Macintoah computer. It 

also does not offer a JAWS feature. The advantages 

are that it publishes directly to the CMS, imports 

questions from Microsoft Word, and exams can be 

printed directly from Respondus  

(http://www.itap.purdue. edu/tlt/Respondus/).  

 

Assessment Tool: StudyMate 

     This assessment tool gives students an enjoyable 

way to study content through gaming activities. 

StudyMate offers 10 different Flash-based game 

activities that can be used with different content: (1)  

 

Fact Cards, (2) Fact Cards Plus, (3) Flash Cards, (4) 

Pick a Letter, (5) Fill in the Blank, (6) Crosswords, 

(7) Glossary, (8) Quiz, (9) Challenge, and (10) 

Glossary. The online interactive games can be played 

on iPods and Sony play stations. These are for review 

of concepts and can be used to study for parts of the 

quizzes. They offer a connection to the gradebook. 

The content can be imported from Microsoft Word 

and published directly to the CMS. Samples can be 

found at http://www.respondus.com/studymate/ 

samples.shtml (Respondus, 2009). 

 

Online Course Evaluation 

     Each semester all courses and teaching at Purdue 

University are reviewed and evaluated by the 

students through an online survey (Glotzbach, Burton 

& Co, 2008). There is evidence that online 

evaluations are generally lower than face-to-face 

because of student expectations of what an online 

course should be (Harris, 2009). It is advised to have 

a forum or a survey to discuss the online experience 

with the students to make sure that the course 

delivery and expectations are clearly defined and 

understood before or during the first week. The 

medium selected to deliver the course should be 

evaluated on its pedagogical effectiveness, 

receptivity to a variety of learning styles, 

accessibility to students, and responsiveness to the 

time and place limitations of the students. Feedback 

on content and organization of the course are also 

items to be surveyed (Simonson, et al., 2006). 
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Other Online Tools 

     Blackboard SafeAssign is an online tool for instructors 

that is used as a way of detecting plagarism. Streaming 

servers allow for hosting media files for online viewing. 

Software Remote is a tool that allows the student to have 

access to the software available in the on-campus 

laboratories. Signals is an intervention online tool that can 

be used to notify the instructor if a student is falling 

behind in the course. It is based on logins, grades, and 

time spent in the user interface. A number of other tool 

are listed at http://www.itap.purdue.edu/tlt/services.cfm 

 

IX. In summary 

 

     Best practices in online learning requires a different 

approach to teaching and course preparation. The 

instructor becomes a facilitator of knowledge and 

discussions. It is even more important to interact online 

with each student so that the students remain engaged. It 

is a good practice to work closely with the IT department 

and select technologies that are well supported, tested, 

reliable, and can be adapted to a diverse curriculum. Most 

importantly, an online teacher must be able to translate 

knowledge and learning in new media to form online 

learning communities. 
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ABSTRACT - In a continuing effort to improve 

instruction, the faculty at North Carolina State 

University has made several major revisions to their 

introductory engineering graphics course. First, the 

course format has been changed from face-to-face to 

blended learning. Classroom instructional time has 

been reduced by 50%, and students are now 

responsible for going through online course content 

outside of class time. A second revision is that this 

online content has been moved from open web pages 

with online assessments in the Blackboard learning 

management system (LMS) to the Moodle open source 

LMS. Some of the reasons for moving to Moodle 

include: providing a vehicle to organize course content 

in an efficient manner; being able to track student 

progress through the instructional units; providing 

students with feedback on their learning through online 

assessments; and allowing the faculty to provide 

consistent instruction over all sections of the course. In 

addition to these two revisions, an automated grader 

for SolidWorks files has been developed and will be 

implemented in the 2009 fall semester. This paper 

summarizes previous research conducted in the course, 

presents data from the 2009 spring semester, and 

describes technologies that have been added to the 

course to improve instruction. 

 

I. Introduction 

 Over the last two years, faculty in the Department 

of Mathematics, Science and Technology Education 

have been revising their Foundations of Graphics 

course to move from a face-to-face environment to a 

blended learning environment. This is consistent with 

other programs around the country who are addressing 

reduced resources in addition to looking for ways to 

improve instruction (Holdhusen, 2009; Baxter, 2003). 

Reasons for the change include: continuously searching 

for the most effective instruction; investigating more 

cost effective ways of delivering course content; 

making the best use of classrooms and computer 

laboratories; and giving students more control of their 

learning. During several pilot studies of blended 

learning in this course, content was organized by units 

and lessons in a series of web pages. Content consisted 

of voiced-over presentations of textbook material, 

review sheets, software demonstrations, sketching 

demonstrations, and low-stake assessments in WebCT 

and Blackboard. Students could navigate through these 

pages in any order, and faculty received little feedback 
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concerning how much time students were engaging the 

material outside of class. Analyses of several measures 

revealed that students in the blended learning sections 

performed just as well as students in the face-to-face 

sections on the midterm exam, the final exam, and in 

the overall course (Branoff & Mapson, 2009; Branoff, 

2008; Branoff & Wiebe, 2008; Branoff & Wiebe, 

2007). 

  

II. Methodology 

 The intent for the Spring 2009 semester was to 

examine the effectiveness of teaching GC120 – 

Foundations of Graphics in a blended format with 

content organized within the Moodle course 

management system. During the semester two 

instructors taught six sections of the course using the 

blended format while five other instructors taught nine 

sections using a face-to-face format. One of these 

instructors did not report his end-of-course information, 

so all data for the face-to-face sections is based on four 

instructors covering seven sections. Table 1 displays 

the distribution of students between the two groups. 

 

Table 1. Spring 2009 GC120 Student Numbers. 

GC120 Sections Number of Students 
Face-to-Face Sections 164 
Blended Learning Sections 128 
 

 The blended learning sections of the course met 

once per week for approximately 2 hours, while the 

face-to-face sections met for approximately 4 hours per 

week. Instructors in the blended learning sections used 

their weekly meetings to introduce the main concepts 

for the week, answer questions about homework, and 

check some homework. Students in the blended 

learning sections were expected to view and complete 

online content outside of class time. The online content 

was organized by units on the main course page within 

Moodle (see Figure 1). Students could then access 

lesson pages corresponding to textbook chapters 

(Figure 2), SolidWorks modeling activities (Figure 3), 

and sketching exercises (Figure 4). Most of the lesson 

pages included links to streaming media. For textbook 

chapters, this consistent of voiced-over PowerPoint 

presentations. The SolidWorks activities pages 

included streaming media demonstrations of part 

modeling, assembly modeling or drawing creation. The 

sketching pages included streaming video of an 

instructor sketching the assigned activity. At the end of 

each lesson students were required to complete a 10-20 

item online assessment as a check of their content 

knowledge understanding (see Figure 5). 

 

 
Figure 1. GC120 Moodle Unit Structure. 

 

 
Figure 2. Moodle Textbook Lesson Page. 
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Figure 3. Moodle SolidWorks Activities Page. 

 
Figure 4. Moodle Sketching Activities Page. 

 

 
Figure 5. Example of an Online Assessment Item. 

 

III. Analyses 

 Three measures were used to determine if students 

in the blended sections of GC120 were performing as 

well as students in the face-to-face (F2F) sections – the 

midterm exam, the final exam, and the final course 

grade. The midterm exam was a combination of 

multiple-choice, fill in the blank, and sketching items. 

The final exam was 100 multiple-choice questions. 

Approximately 15% of the final exam questions 

required students to visualize and select a correct view 

of an object. Tables 2-4 show the means, standard 

deviations, and ranges for each of these measures. 

 

Table 2. Midterm Exam Means. 

Group N Mean SD Min Max 
F2F 164 88.40 8.31 51 100 
Blended 128 86.59 6.68 0 97 

Table 3. Final Exam Means. 

Group N Mean SD Min Max 
F2F 164 78.26 13.35 0 94 
Blended 128 77.69 13.78 0 97 
 

Table 4. Course Grade Means. 

Group N Mean SD Min Max 
F2F 164 88.84 7.98 39 98 
Blended 128 86.59 11.52 32 100 
 

 For both exams and the final course grade it was 

hypothesized that there would be no difference between 

the face-to-face sections and the hybrid sections at the 

α=0.05 level. Since the sample sizes were different and 

a normal distribution was not assumed, a Wilcoxon, 

Mann-Whitney U test was used to determine if 

significant differences existed between the groups. 

Tables 5-7 show the results of the Wilcoxon, Mann-

Whitney U analyses. 

 

Table 5. Wilcoxon, Mann-Whitney U (Rank Sums) 
for Midterm Exam Scores. 

Group N Sum of 
Scores 

Exp. 
Under H0 

SD Mean 
Score 

F2F 164 26216.50 24026.00 715.05 159.86 
Blended 128 16561.50 18752.00 715.05 129.39 
      

Wilcoxon Two-Sample Test Statistic 16561.50 
Normal Approximation  

Z -3.0627 
One-Sided Pr < Z 0.0011 * 

Two-Sided Pr > |Z| 0.0022 * 
* Significant at α=0.05  
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Table 6. Wilcoxon, Mann-Whitney U (Rank Sums) 
for Final Exam Scores. 

Group N Sum of 
Scores 

Exp. 
Under H0 

SD Mean 
Score 

F2F 164 24196.50 24026.00 715.39 147.54 
Blended 128 18581.50 18752.00 715.39 145.17 
      

Wilcoxon Two-Sample Test Statistic 18581.50 
Normal Approximation  

Z -0.2376 
One-Sided Pr < Z 0.4061 

Two-Sided Pr > |Z| 0.8122 
 

Table 7. Wilcoxon, Mann-Whitney U (Rank Sums) 
for Final Course Grade. 

Group N Sum of 
Scores 

Exp. 
Under H0 

SD Mean 
Score 

F2F 164 24858.50 24026.00 714.41 151.58 
Blended 128 17919.50 18752.00 714.41 140.00 
      

Wilcoxon Two-Sample Test Statistic 17919.50 
Normal Approximation  

Z -1.1646 
One-Sided Pr < Z 0.1221 

Two-Sided Pr > |Z| 0.2442 
 

 There was a significant difference between the 

midterm mean for the face-to-face sections and the 

midterm mean for the blended learning sections 

(W=16561.50, Z=-3.06, p=0.0024). There was no 

significant differences between means for the final 

exam or the final course grades for the two groups 

(W=18581.50, Z=-0.2376, p=0.8122 and W=17919.50, 

Z=-1.1646, p=0.2442, respectively). 

 Since course content was not part of a learning or 

course management system in previous semesters, 

accurate data on how much students were accessing the 

online materials was difficult to collect. Using Moodle 

allowed faculty to examine when and how much 

students accessed online content. Preliminary data 

indicate that the average number of Moodle links 

clicked by students within the GC120 course site was 

417 over 16 week semester (minimum of 61 and 

maximum of 1111). Table 8 displays the number of hits 

on the twelve lesson pages. 

 

Table 8. Number of Hits on GC120 Lesson Pages. 

Lesson Hits 
Lesson 1 –  Introduction to Graphics 
Communication 710 

Lesson 2 – Sketching and Text 429 
Lesson 3 – Engineering Geometry 378 
Lesson 4 – Projection Theory 393 
Lesson 5 – Evaluating 2D & 3D Form: 
Cylinders & Holes 321 

Lesson 6 – Evaluating 2D & 3D Form: 
Intersections of Surfaces 173 

Lesson 7 – Evaluating 2D & 3D Form: 
Castings & Plastics 270 

Lesson 8 – Dimensioning 262 
Lesson 9 – Auxiliary Views 241 
Lesson 10 – Sectional Views 187 
Lesson 11 – Working Drawings & 
Assemblies 133 

Lesson 12 – The Engineering Design 
Process 93 

 

IV. Discussion 

 Although students in the blended learning sections 

performed just as well as students in the face-to-face 

sections on the final exam and in the course, the mean 

score for the midterm exam was significantly lower 

between the groups. This is not consistent with a 

previous study. During the Fall 2008 semester there 

was no significant difference between the blended 

learning sections (85.10) and the face-to-face sections 

(85.66) on the midterm exam, but there was a 

significant difference between the groups for the final 

exam (blended mean: 86.30, face-to-face mean: 80.19). 

These inconsistencies might be explained by 

differences in the students enrolled or by the faculty 

teaching the course. The introduction of Moodle might 

also account for some of the differences. As part of the 

redesign of GC120, the distance education group on 

campus (DELTA) provided a staff member to help 

evaluate some of the changes to the course. This person 

conducted post-course interviews with students and 

faculty. Regarding the blended learning structure of the 

course, some students stated they preferred two 
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traditional class meetings per week to balance 

assignments and due dates with other classes. Some 

students attributed missing assignments and quizzes to 

the blended structure. Some claimed it was stressful 

remembering what was due in class and what to submit 

online. They found the structure of the course website 

confusing, which made it difficult to find course 

material. The blended course was perceived as being 

more difficult with an increased workload.  

 Faculty noted that there was a steep learning curve 

for students new to logging in and using Moodle. 

Students had many questions about the structure of the 

course website at the beginning of the semester. One 

instructor stated that it took the students the entire 

semester to get comfortable with Moodle. As the 

semester progressed, students had fewer questions 

about how to use the website and online materials. 

Students also visited the site less frequently toward the 

end of the academic term and relied mostly on their 

textbook to prepare for exams. 

 

V. Conclusions  

 The results from this study are somewhat mixed 

compared with previous studies. Although the mean 

score on the midterm exam was lower for students in 

the blended learning sections, it was still at an 

acceptable level (86.59). Final exam and final course 

grades were consistent with those for the face-to-face 

sections. 

 Since this was the first semester Moodle was used 

to host all course content, faculty expected some 

changes would need to be made to both the structure 

and content of the online material. Post-course 

interviews with students and faculty confirmed some of 

the problems that were occurring during the semester. 

 

 

 

VI. Future Work 

 For the Fall 2009 semester course content for within 

Moodle will be revised per the feedback gained from 

faculty and students. In addition to Moodle, faculty will 

be using two other methods to improve student 

learning. Interviews with students during the 2009 

Spring semester revealed problems with timely 

feedback with questions on Solidworks assignments. 

Online SolidWorks help sessions will be scheduled 

using Elluminate to give students an opportunity to ask 

specific questions about an assignment without having 

to come to campus. Another addition to the course will 

be an automated SolidWorks grader similar to what has 

been done at Rensselaer Polytechnic Institute (Baxter, 

2003; Baxter & Guerci, 2003). Not only will this 

system give students more control of their learning, it 

will reduce the amount of time faculty will need to 

spend evaluating student work. 
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Abstract—The Engineering Design Graphics Journal 

is transitioning from being a print-only journal to being 

online-only journal.  To facilitate the transition, the 

Engineering Design Graphic Division elected to join 

the Public Knowledge Project’s Open Journal Systems 

family of journals to make use of their integrated open 

source journal management and publishing system.  

While over 2000 journals comprise the Open Journal 

Systems family of journals and more journals are 

making this transition, one of the keys to the continued 

success of any journal in transition is ensuring that 

authors can continue negotiating the submission, 

editorial, and publication process with relative ease.  

The Open Journal Systems’ integrated submission, 

editorial, and publication process makes this possible. 

I. Introduction 

At the Engineering Design Graphics Division 

(EDGD) Executive Committee meeting held during the 

2008 Annual American Society for Engineering 

Education (ASEE) Conference, a decision was made to 

explore the feasibility of delivering the Engineering 

Design Graphics Journal (EDGJ) digitally in contrast 

to by physical means.  An ad-hoc committee was 

formed to explore the various options available and to 

provide input to the Division during the balance of the 

year (K. Holliday-Darr, personal communications, July 

4, 2008).  It was anticipated that a decision could be 

made on the specific manner in which the journal could 

be delivered during the 63
rd

 Mid-Year Conference in 

January 2009. 

During the 63
rd

 Mid-Year Conference, and based 

on input from the ad-hoc committee, La Verne Abe 

Harris (L.V. Harris, personal communications, January 

4, 2009), the EDGJ editor and the Division’s Director 

of Publications, proposed an alternative online means 

for delivering the journal—Public Knowledge Project’s 

(PKP) Open Journal Systems (OJS).  By the 2009 

Annual ASEE Conference, the online EDGJ had begun 

taking shape.  Feature articles published in six issues of 

the journal, including the two most recent issues, 

volume 73 numbers 1 and 2, had been posted.  Prior to 

the publication of volume 73 all issues were printed and 

mailed to those entitled to issues.  And up through 

volume 73 number 2, all manuscripts were emailed in 

and the editorial process was handled by means of 

email exchanges. 

This paper was prepared to augment existing 

materials available to authors and to illustrate the 

process by which an author submits and processes their 

manuscript for publication in the online EDGJ.  Among 

the resources available to authors are OJS in an Hour 

(Simon Fraser University, Library, July 15, 2008) and 

an author tutorial (Public Knowledge Project, n.d.a). 
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II. The Public Knowledge Project’s 

Open Journal Systems 

Developed by the PKP, OJS is an integrated 

journal management and publishing system whose 

source code is available to the general public with 

relaxed or non-existent copyright restrictions.  PKP is a 

non-profit research initiative.  The partners include the 

Faculty of Education at the University of British 

Columbia, the Canadian Centre for Studies in 

Publishing at Simon Fraser University, the Simon 

Fraser University Library, and Stanford University.  Its 

mission is to improve the scholarly and public quality 

of research. 

The OJS, while launched prior to the Budapest 

Open Access Initiative, is grounded in the second of 

two complementary strategies intended to achieve open 

access to scholarly journal literature:  “scholars need 

the means to launch a new generation of journals 

committed to open access, and to help existing journals 

that elect to make the transition to open access” (Open 

Society Institute, 2001).  Among the features associated 

with OJS are the following: 

1. OJS is installed locally and locally controlled. 

2. Editors configure requirements, sections, review 

process, etc. 

3. Online submission and management of all content. 

4. Subscription module with delayed open access 

options. 

5. Comprehensive indexing of content part of global 

system. 

6. Reading Tools for content, based on field and 

editors' choice. 

7. Email notification and commenting ability for 

readers. 

8. Complete context-sensitive online Help support 

(Public Knowledge Project, n.d.b). 

 

 

III. OJS’s Submission, Editorial, and 

Publishing Process 

OJS’s integrated submission, editorial, and 

publication process appears in Figure 1 (Public 

Knowledge Project, n.d.c).  This paper focuses on the 

manuscript submission process, which includes initial 

submission through publication—Submission, 

Submission Review, and Submission Editing, from the 

perspective of the author.  While the balance of the 

submission, editorial, and publishing process is 

essential to the EDGJ’s success, it should be 

transparent to perspective authors. 

The five step process for submitting a manuscript, 

along with the follow-on steps that lead to the 

publication of a manuscript appears in this paper’s 

appendix.  The appendix details the process from 

submission, through submission review, submission 

editing, and publication.  It also serves as an author 

handbook for negotiating the process. 

 

IV. Conclusion 

By means of this integrated online approach, the 

EDGJ seeks to improve the scholarly and publication 

quality through a number of innovations, from making 

journal policies more transparent to improve indexing.  

It is anticipated that this integrated online approach to 

processing manuscripts and delivering the EDGJ will 

reduce the time and energy devoted to the clerical and 

managerial tasks associated with producing the EDGJ.  

It is also anticipated that record-keeping and efficiency 

of editorial processes will improve. 
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Figure 1.  The OJS submission, editorial, and publication process. 
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Appendix—EDGJ Manuscript Submission, Review, and Editing Process 

 

This EDGJ manuscript submission, review, and editing process statement was adapted from pages 163-175 of OJS in 

an Hour (2008).  While it is based on OJS’s submission, review, and editing process, minor changes in the 

appearance of the interface may be made in the future as refinements are incorporated and improvements are made.  

Furthermore, the procedures are intended to guide those who are submitting manuscripts to be published as peer 

reviewed feature articles.  While other submissions will be scrutinized for quality, they will not be subjected to the 

same peer review process to which feature articles are subjected. 

 

Registering with the EDGJ OJS Site 

 

As an author, you must register with the EDGJ OJS site to submit an article for publication in the EDGJ.  To register, 

access the EDGJ OJS site and click on “REGISTER”—See Figure A1. 

 

 
 

Figure A1.  EDGJ homepage. 

 

Provide the information requested.  Note that asterisked (*) cells need to be filled in—see Figure A2. 
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Figure A2.  Registration page. 
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Then remember to check the “Author: Able to submit items to this journal” box and click on the “Register” button.  

This completes the registration process.  Once registered, you can log in at anytime with your username and 

password and submit manuscripts for publication; check the status of your submission; and review, revise, and 

resubmit your manuscript. 

 

Submitting an Article 

 

To submit a manuscript for publication, you must log in—see Figure A1. 

 

Once you’re logged in, click on “Author”.  Then click on “CLICK HERE” under “Start a New Submission”—See 

Figure A3. 

 

 
 

Figure A3.  Starting a new submission 
 

Manuscript-submission is a five step process.  In the first step—see Figure A4, select the section that is most 

appropriate for your manuscript.  Continuing with step one, ensure the manuscript complies with all the items in the 

Submission Checklist by checking each box.  You may also provide comments to the editor.  To complete the first 

step, click on “Save and continue”. 
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Figure A4.  Step One—Starting the submission. 

64th EDGD Mid-Year Conference Proceedings  31



In step two, enter the manuscript’s metadata—see Figure A5.  Note that asterisked (*) cells need to be filled in.  Use 

the “Add Author” button to add co-author data.  Then enter the title, abstract, language, and the name of any 

supporting agencies in the respective cells.  To complete step 2, click on “Save and continue”. 

 

 

 
 

Figure A5.  Step 2—Entering the submission’s metadata. 

 

In step three, your manuscript is uploaded using the procedures provided—see Figure A6. 
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Figure A6.  Step 3--Uploading the submission. 

 

After clicking on the “Upload” button, your file is uploaded from your computer to the journal’s web site and 

renames it using the journal’s naming convention—see Figure A7.  To complete step 3, click on “Save and 

continue”. 

 

 
 

Figure A7.  Uploaded manuscript 

 

Step four is optional.  If you have supplementary files, they may be uploaded at this time—see Figure A8.  The 

supplementary files could include research instruments, data sets, sources that otherwise might not be available to 

readers, figures and table that cannot be integrated into the text, or other materials that contribute substantially to the 

work. 
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Figure A8.  Step 4—Uploading supplementary files. 

 

Complete step 4 by clicking on the “Save and continue” button. 

 

The submission process is completed in step five by clicking on the “Finish submission” button—see Figure A9. 

 

 
 

Figure A9.  Step 5—Confirming the submission process. 

 

The journal will acknowledge that your submission is complete—see Figure A10, and it will send an 

acknowledgement by email—see Figure A11. 

 

 
 

Figure A10.  Submission confirmation. 
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Figure A11.  Email acknowledgment 

 

Each time you log in you will be able to monitor your submission’s progress as it passes through the various stages 

of the review and editorial process—see Figure A12. 

 

 
 

Figure A12.  Active submission 

 

Figure A13 reflects the fact the submission is in review. 

 

 
 

Figure A13.  Submission under review. 
 

Figure A14 reflects the fact the submission is in review and that revisions are required. 

Robert A Chin: 
 
Thank you for submitting the manuscript, "Publishing in the Online Engineering Design Graphics Journal" to Engineering Design 
Graphics Journal. With the online journal management system that we are using, you will be able to track its progress through the 
editorial process by logging in to the journal web site: 
 
Manuscript URL: 
http://aotest9.aos.ecu.edu/edgj/index.php/EDGJ/author/submission/53 
Username: chinr 
 
If you have any questions, please contact me. Thank you for considering this journal as a venue for your work. 
 
Dr. Nancy E. Study 
Engineering Design Graphics Journal 
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Figure A14.  Submission requires revisions. 

 

Figure A15 reflects the fact the submission is in the editing phase. 

 

 
 

Figure A15.  Submission in editing. 

 

Responding to Reviews 
 

In responding to reviews, you must log in.  Then under “Active Submission”—see Figure A15, click on the linked 

title of the submission.  This will take you to the “Summary” page—see Figure A16. 
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Figure A16.  Summary of manuscript under review. 

 

In the “Summary” page (see Figure A16), click on “REVIEW”.  In the “Review” page—See Figure A17, you can 

read the reviewer’s version and the editor’s version, read or submit comments using the “Editor/Author” icon, and 

upload a revised edition of your manuscript. 
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Figure A17.  Review and editor versions of manuscript. 

 

Copyediting, Proofreading, and Publication 
 

Once your submission has been accepted for publication, you will receive a copy of your manuscript for copyediting.  

After logging in, click on the “Queued for Editing” status link—see Figure A18.  This is where major changes can be 

made before publication.  Once the changes have been made, the revised edition is uploaded, “Complete” is clicked, 

and the copyeditor is notified. 

 

 
 

Figure A18.  Editing manuscript. 

 

Proofreading is the last opportunity to make changes and to upload an edited manuscript before publication.  When 

the manuscript is published, the “Summary” page will reflect this status—see Figure A19. 

2009-07-01 

2009-07-03 

Accept Submission 2009-07-04 

53-209-1-ED.DOCX   2009-07-06 

2009-07-05 

QUEUED FOR EDITING 
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Figure A19.  Published manuscript. 
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ABSTRACT - Due to the advantages of electronic 

publishing—international reach, speed, additional 

capabilities, lower cost, new publishing 

opportunities, and sustainability—the Engineering 

Design Graphics Journal (EDGJ) is in the process of 

transitioning to an online publication. This change 

will affect all EDGJ stakeholders, including the 

review board. This paper focuses on the review 

process. The way that articles are received by the 

associate editor, the way they are assigned to the 

reviewers, and the way the feedback is communicated 

to the authors will all be accomplished through a 

website. However, this change is not expected to 

happen overnight nor without some significant 

learning on the part of the entire Journal staff. This 

paper discusses the old review process and 

introduces the new process to not only the review 

board, but to other Journal staff members, future 

authors, and readers of the Engineering Design 

Graphics Journal. 

 

I. Introduction 

 The Engineering Design Graphics Journal is in 

the process of going on line, a marked change from 

being a traditional print journal. Thus, the entire 

review process will have to change and this includes 

differences in the submission process for authors, the 

completion of reviews by the review board, and the 

presentation of feedback to the authors by the associate 

editor and other members of the EDGJ staff. Currently, 

the entire submission and review process is done via 

email. In the future, the authors will submit their papers 

online, possibly using a standard template, instead of 

emailing documents as attachments to the associate editor. 

Submissions will be assigned to reviewers via the online 

system, reviews will be completed online, and the authors 

will also receive their feedback online. 

 These changes may result in a substantial learning 

curve for the editorial staff, the review board, and future 

authors. This will also necessitate a period of transition for 

all involved.  

  

II. The Current Review Process 

 Currently, all submissions to the EDGJ are required 

to be Microsoft Word (.doc) documents emailed as 

attachments to the associate editor. Occasionally .pdf files 

are accepted if the authors do not have access to Word or 

if there are formatting or file size issues because some of 

the email systems used by members of the review board 

and editorial staff limit the size of attachments.  

 After receiving a submission, the associate editor 

sends an email to the author(s) acknowledging receipt of 

the document then does the following tasks: 
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• enters the information about the author(s) 

and submitted document into a spreadsheet 

for record keeping purposes 

• removes personally identifying information, 

if any, from the document(s) to ensure a 

blind review 

• prepares a standard review form to send to 

each individual reviewer 

• emails the review form and document(s) to 

each reviewer, also giving a suggested due 

date for completion 

• when all the reviews are completed, 

compiles the feedback into an email and 

informs the author(s) of the decision to: 

accept the article, suggest revision and 

resubmission, or reject the article 

• if the article is accepted, the author(s) are 

informed of a due date for the finalized 

article 

• after assessing the finalized document for 

items such as APA format, graphics file 

format, etc., sends the article text, any 

accompanying graphics, and copyright 

transfer form to the editor so s/he can 

prepare it for publication 

 The associate editor is the primary contact for 

authors through the entire review process and often 

fields questions about the review process itself, 

whether reviews can be debated, and whether 

reviewers can be contacted to discuss feedback. 

  

III. The New Review Process 

 After the official launch of the new Engineering 

Design Graphics Journal website, submissions will no 

longer be accepted via email and authors will be 

directed to upload their document on the Journal 

website. Assistance will be given if needed. At the 

website, authors will be required to create a login ID and 

password if they are not already a member of the division 

or have not previously created a login. Once a paper has 

been submitted, the author is notified via email of a 

successful upload and the associate editor is able to view 

the document and assign it to a reviewer (see Figure 1 in 

the attachments).  

 To ensure blind review, the instructions on the 

website for an author submitting an article include 

information on preparing the document to remove 

personal information and when uploaded, the file is 

assigned a random name not associated with the author’s 

name or university. When a member of the review board 

is assigned a document, they will receive an automatically 

generated email. The reviewer will then log in to the 

EDGJ website and select whether or not they will be able 

to review the document within the given time frame, this 

will generate an email to the associate editor and also 

update the information on line about which articles are 

currently under review and by whom. There is also an 

option that can be set by the EDGJ staff that allows for 

automatic reminders to be sent if an article review is not 

completed by the due date. 

 When a reviewer logs in to the EDGJ website, they 

should select the User Home option and will be taken to a 

page that allows them to select their status as a reviewer. 

The user may also have available the status of author 

(Figure 2 in the attachments). The reviewers’ page has all 

the necessary information to complete the review 

including: 

• the title, abstract, and submission editor of 

the article 

• the review schedule 

• a list of all the review steps 

• the review form to complete 
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 Screen captures of this page with all the review 

steps completed are shown in the attachments as 

Figures 3 and 4. 

 The reviewers will still have the option of 

making comments directly in the Word document and 

uploading the edited file to the website when they 

complete their review. When the results of the review 

are being sent to the authors, editors will have the 

option of either uploading the entire completed form 

with feedback as submitted by the individual 

reviewers, or editing and compiling all the comments 

as was done previously. Reviewers in the past have 

occasionally made comments directed toward the 

associate editor, and not intended for the authors of 

the documents, on their review forms. These specific 

comments are never forwarded and reviewers should 

feel free to continue to comment directly to the 

editors.  

 When the reviews are complete and the associate 

editor has recorded the final decision about the status 

of the submission, an email is sent to the 

corresponding author. What the authors will see on 

the EDGJ webpage when a review is complete can be 

seen in Figure 5 in the attachments. The associate 

editor will remain the primary point of contact for the 

authors during the review process. 

 Accepted articles will be copyedited and 

prepared for publication by the editor and their staff. 

Any article revisions completed by the authors prior 

to publication will be submitted on line. Proofs will 

be provided to the authors before publication. Instead 

of this revision and proofing process being completed 

via email as was done previously, it will all now be 

done online.  
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IV. Attachments 

 

 

 

Figure 1. Associate editor’s peer review assignment screen 

 

 

 

Figure 2. User home screen 
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Figure 3. Reviewers’ screen showing submission to be reviewed and schedule 

 

 

 

 

 

Figure 4. Reviewers’ screen showing review steps 
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Figure 5. Author’s review screen 
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ABSTRACT - Everyone has heard of “back of the 

envelope” sketches used by engineers.  Engineers and 

designers who have to be at a computer to try to 

graphically communicate their ideas are at a distinct 

disadvantage to those who can make quick, clear 

freehand concept sketches on the spot.  Industry moves 

fast, and ideas are often born in brainstorming or other 

similar type sessions.  This means that someone must 

be able to quickly communicate their ideas, often in the 

form of a sketch.  Unfortunately this skill is 

disappearing as more and more engineering graphics 

courses are dropping the emphasis on sketching and 

replacing it with 3D modeling, visualization and CAD 

skills development.  This is not meant to minimize those 

skills as they are all very important.  However, in order 

to fit everything into existing courses it is often 

necessary to eliminate other things such as freehand 

sketching. 

This paper discusses the importance of 

sketching in the engineering design process and the 

role sketching plays in a modern graphics curricula.  

The authors’ experiences as a customer of students who 

have completed their graphics courses and need to 

apply their knowledge in a design situation is also 

discussed.  These are students working on senior design 

projects or undergraduate research projects.  While 

these students have a lot of skill in creating 3D models, 

they tend to lack the ability to communicate their ideas 

through simple concept sketches.  This general lack of 

sketching skill tends to spill over to other areas such as 

creating diagrams for problems in various courses and 

manual plotting of data.  The paper takes a look at how 

a few schools have worked to improve their students 

sketching skills. 

 

I. Introduction 

 An important skill that is required of engineers is 

the ability to communicate ideas.  This is particularly 

critical in the early stages of the design process.  As 

McCormick (2007) points out, designs have inertia and 

resist major change once they are past the initial sketch 

stages.  New ideas are most easily incorporated in the 

early going, therefore it is critical that an engineer be 

able to communicate his/her idea at that point or risk 

having it set aside.  One way to effectively 

communicate a concept is through a sketch.   

 Experienced engineers use sketches for many 

purposes including exploring ideas, communicating 

ideas, visualizing how things fit together and as an 

overall thinking tool (Welch, et al 2000).  While 

engineers tend to develop these skills over time, Welch 

also points out in an earlier paper that newly graduated 

engineers tend to jump directly to three-dimensional 

modeling (Welch, 1998).  This seems to match with the 

authors’ own experiences while dealing with students 

on various design projects.  They are much more 

comfortable sitting in front of a computer creating 

three-dimensional models than they are making concept 

46 2009  Erie, Pennsylvania



sketches.  Perhaps this is due to the content of their 

graphics courses. 

 This paper takes a look at the importance of 

sketching, the general lack of this ability in many 

engineering students and what some schools have done 

to try to correct this problem. 

 

II. Importance of Sketching 

 Tipping (1993) states that “the single most 

important factor in developing any general design 

ability” is the ability to create good sketches.  What is a 

sketch?  For the purposes of this paper a sketch is an 

informal drawing made either freehand or with the aid 

of simple tools such as circle templates or rulers.  

Figure 1 shows a couple of simple instruments that 

have often been used by the author for making 

sketches.  They might be two-dimensional or three-

dimensional.  They might follow a formal format or 

simply be pictorial.  In general it is important to be able 

to produce sketches fairly quickly and reasonably to 

scale. 

 

 
Figure 1.  Sketching Tools 

  

 An engineering student has an additional use for 

sketches early in his/her academic career.  Almost all 

engineering calculations need sketches to define a 

system, label variables, etc.  For example, free-body 

diagrams are needed for most statics problems.  It is my 

experience that many students do not focus on the 

diagrams, resulting in poor quality work.  As they 

progress through school they are asked to make 

sketches for other purposes such as communication of 

ideas for various design projects.  If they fall into bad 

habits early they tend to continue those habits, resulting 

in more poor quality work.  The importance of 

sketching must be stressed early and often to get them 

onto the right track. 

 As practicing engineers after graduation the 

importance of sketching increases dramatically.  

Experienced engineers can use sketches to serve many 

functions.  Ullman, etal. (1990) have categorized 

sketches by function – thinking, prescriptive, talking 

and storing.  All of these play important roles in not 

only the design process, but also in the ability of the 

engineer to have a successful career. 

 Thinking sketches are used to assist in the 

formulation of ideas.  These are often quick, “back of 

the napkin” pictorial sketches.  An engineer might use 

these to organize his/her thoughts during the early stage 

of the design, or they might be used to communicate 

ideas during a brainstorming session.  This is a critical 

point in the overall process.  One, or several promising 

ideas are likely to be selected for further work during a 

brainstorming session.  Engineers who can successfully 

communicate their ideas have a better chance of having 

them accepted.  Quick, quality sketches provide one of 

the best vehicles for accomplishing this. 

 It is important to recognize that sketching is not 

just a communications tool, but that it actually aids in 

the thinking process during the development of an idea.  

It helps the designer to visualize the concept and 

provides an easy way to make early changes in the 

design.  Radcliffe and Lee (1990) describe this as a 

form of communication with oneself. 

 Prescriptive sketches serve as an outline for the 

design process.  These sketches are probably more 
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thoroughly thought out than thinking sketches.  They 

show ideas in a more formal way, and help keep the 

designer on track. 

 Talking sketches aid in team discussions.  Once a 

design or concept is being seriously considered there 

are generally several meetings among all the parties 

involved to help define the path to be taken.  Sketches 

of this type are helpful to keep a team focused and not 

go off on tangents.  They can be fairly quick to make, 

and provide a means to communicate possible 

alternatives or design changes. 

 Storing sketches are final sketches used to file 

ideas.  These might include various concepts that were 

considered, notes on changes, pros and cons of various 

concepts, etc.  It should be remembered that while this 

type of sketch provides a final or close to final concept, 

all documents, including the very early sketches should 

be kept on file for future reference. 

 So, how important is sketching?  In one study 

Schutze, etal (2003) found that design teams that 

incorporated sketches as part of the design process 

produced significantly better solutions than teams who 

did not.  Kivett (1998) lists three reasons that sketching 

is an important part of the success of the early stages of 

the design process: 

• Almost instantaneous communications 

• Small amount of time required to make the 

sketches 

• Changes can be easily made before moving 

too far along. 

Sketching can be used as a thinking tool, for 

visualization and for communication purposes, making 

it critical in the design process. 

 

III.  Student Abilities 

 Students seem to be much more comfortable 

behind a computer screen making three dimensional 

models than sketching their concepts using pencil and 

paper.  Figure 2 shows a sketch by a student working 

on a senior design project who was trying to 

communicate an idea for a slider mechanism.  It is very 

difficult, if not impossible, to figure out what this 

student had in mind.  A sketch like this should stand on 

its own without the need for a lot of explanation.  

Obviously this one does not. 

 

 

Figure 2.  Student concept sketch 

 

Figure 3 is a sketch by a student who was asked to 

make a three dimensional sketch of a solar powered car 

used for K-12 activities. 

 

 

Figure 3.  Progression of sketches 
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The figure shows a progression of sketches made by the 

same student as more time was given to complete the 

task.  As you can see, the first sketch is not particularly 

good.  Ultimately the student was able to produce a 

good sketch showing the part.  The goal should be to be 

able to produce sketches at least as good as the second 

one on the first try in a short period of time. 

 This lack of skill in making free-hand sketches 

carries over to other areas.  For example, in statics 

students very often cannot create quality free-body 

diagrams, especially in three dimensions.  Even 

something as simple as plotting a set of data manually 

is very difficult for many students.  Students are so use 

to using a spreadsheet or a calculator to make plots that 

they have a very difficult time when asked to do it 

manually.  Edwards (2009) includes this lack of manual 

plotting skills as a general aptitude weakness for 

students trying to complete a fluid mechanics 

laboratory worksheet. 

 There are exceptions.  Figure 4 shows a sketch 

made by a student working on a senior design project.  

While it is not three dimensional, it is neat, very well 

laid out and readily communicates the concept.  This 

sketch allowed the student to easily make some 

suggested changes and go on to model the parts in 

CAD.  An interesting side note is that this was done by 

and older, non-traditional student.  The sketching skills 

may have been learned much earlier in industry rather 

than as the result of graphics instruction. 

 The sketch is on of the best student sketches the 

author has seen, and is certainly not typical.  A more 

typical scenario encountered by the author while 

advising on senior projects is for the students to 

respond to a request for a sketch of a concept by saying 

that they will go model the idea and return later.  They 

can usually get away with this in school but not in 

industry. 

 

 
Figure 4.  Sketch of a heat conduction device 

 

IV.  Improving Student Sketching Abilities 

 Sketching and manual drafting methods used to be 

a key part of an engineering graphics course.  Modern 

courses tend to set aside the manual work in favor of 

including more CAD modeling.  Certainly manual 

drafting using t-squares and triangles is all but obsolete, 

but many schools still include a scaled back sketching 

component.  Much of the manual work focuses on three 

particular areas: three view orthographic projections, 

dimensioning and isometric sketches.  The first two are 

included to teach the basic rules for making 

engineering drawings.  The third is included primarily 

for visualization purposes.  Concept sketches need to be 

more pictorial or artistic.  Some schools are starting to 

incorporate sketching courses as part of the curriculum.  

Many of these focus on artistic sketching instead of 

engineering drawings. 

 Land, Seery, and Gordon (2009) describe an 

approach to teaching graphics at the University of 

Limerick which focuses on concepts.  Through a seris 

of exercises students developed their abilities to 

communicate through sketches.  The students’ self 

described abilities prior to the exercises range from 

good to poor.  In general, the students ability to 

communicate concepts through sketches were 

improved. 
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 Watkins (2005) surveyed a group of both two and 

four year engineering technology programs.  Part of the 

survey involved the role of manual sketching in the 

modern graphics curriculum.  52% of the respondents 

said that they did include some hand sketching in their 

courses citing a variety of reasons including 

communications, teaching technical drawing concepts 

and visualization.  There is no mention of incorporating 

an additional sketching course into the curriculum, but 

acknowledges that it is an important part of engineering 

graphics. 

 Eggermont, Douglas, etal (2006) describe a first 

year course taught at the University of Calgary 

combining drawing, design, communication and 

teamwork.  Students entering the course did not expect 

to have to do manual sketching.  The assumed that 

engineering graphics were done solely on a computer.  

By the end of the course most of the students had 

shown marked improvement in their sketching ability.  

The realized that sketching had an important role in the 

design process, and their visualization skill showed 

improvements. 

 These and other schools have begun to recognize 

the importance of teaching sketching.  The question is 

how to fit instruction in sketching into an already tight 

curriculum.  It is the authors opinion that while 

teaching basic sketching skill as a small part of a 

graphics course is better than nothing, it does not 

provide the student with enough skills training and 

practice to significantly improve his/her abilities.  A 

separate course combining visualization, 

conceptualization and sketching would seem to be 

extremely beneficial. 

 

V.  Conclussion 

 As an advisor on numerous senior design projects 

it has been obvious that most students lack the basic 

ability to produce good concept sketches on the spot.  

They prefer going to a computer and modeling their 

ideas there before presenting them.  They may be more 

comfortable doing that because most of their graphics 

training has been in the area of three dimensional 

modeling.  In order to successfully promote their ideas 

in industry they need to be able to make quality 

sketches.  Since including only a small amount of 

sketching in an existing course does not seem to make 

much difference in their abilities, it would be preferable 

to include a separate sketching course in the 

curriculum. 
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ABSTRACT - This paper examines the use of desktop 

augmented reality as a visualization aid. Participants 

were given a series of tasks to complete in an interactive 

augmented reality environment. Upon completion of the 

tasks, the participants were asked to complete a survey to 

measure their perception of the benefits of the augmented 

reality technology. Initial results showed that all 

participants felt that the use of the augmented reality 

technology benefitted their spatial visualization, although 

technological challenges needed to be overcome.  A full 

description of the research study is presented, along with 

results, potential ramifications for instruction in the 

engineering graphics field, and suggestions for future 

research in this area. 

  

I. Introduction  

In many professional fields, including engineering 

and technology, the ability to be able to ‘see’ in three 

dimensions continues to be of great importance. Many 

studies and much significant research have examined the 

nature of spatial ability and its impact in graphics 

education, as well as the challenge of teaching those who 

struggle with spatial constructs. Several remediation 

solutions utilizing traditional instructional methods and 

technologies have been applied in the past by members of 

the Engineering Design Graphics Division with varying 

levels of success.  As technology continues to progress, 

options for new instructional methods arise that provide 

potentially effective solutions to the challenge of 

developing spatial skills in our students. This paper 

examines one such novel technology and application as a 

proof of concept: desktop augmented reality as a 

visualization aid. The technology used in the study 

included commonly available hardware and open source 

software. The focus of the study was to measure 

participants’ perception of spatial ability improvement due 

to exposure to augmented reality interaction. A secondary 

purpose was to measure participants’ comfort level in 

using augment reality in a laptop computer environment. 

Finally, the researchers hoped to explore the possibilities 

and difficulties in using current low level augmented 

reality technology in the representation of computer 

generated three dimensional objects. Research into and 

application of augmented reality is a growing niche in the 

spectrum of virtual reality, which stretches from simple 

desktop applications through fully immersive 

environments. Applications of this technology are 

expanding in the areas of entertainment, construction, 

manufacturing, and education/training among others. 

  

II. Background  

Spatial Ability 

Spatial ability has been defined in many ways over the 

many years and many research studies that have explored 

this construct (Connolly, 2007). By whatever name or 

description, the ability to mentally envision, retain, and 

manipulate three dimensional images (Lohman, 1979) 

remains an important cognitive ability for many tasks in 
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the world we live in (Smith, 2003; Sorby, 2000; Sorby & 

Baartmans, 1996; Sun & Suzuki, 1994). Spatial skills are 

often assessed as a means of measuring abilities and 

potential for various professions or academic fields 

(McGee, 1979; Miller, 1992; Smith, 1964; Strong & 

Smith, 2002). The depth of research into spatial ability is 

considerable and includes the realms of psychology, 

childhood development, neurological constructs, and 

many cognitive sciences. Although the results of these 

many studies and trends in the field have differed over 

the decades, there is general agreement on several points, 

including that ‘spatial ability’ is actually several different 

cognitive skills involving spatial orientation and 

visualization (Eliot & Smith, 1983; Lohman, 1979; 

McGee, 1979). However, there is still disagreement 

among experts regarding the nature of what we call 

spatial ability.  

One area of considerable disagreement in this field 

has involved whether spatial ability can be developed or 

enhanced. Many professionals and educators in the field 

of engineering and computer graphics are strong 

supporters of the position that these skills can be 

improved (Miller, 1996). Many traditional engineering 

design graphics practices, such as drafting, sketching, 

and the use of orthographic projection have long been 

viewed as excellent tools in spatial development (Field, 

1999; Sorby, 1999; 2001; 2005; Tsutsumi, 2005). 

Computer-based methods in CAD and  image rendering 

also appear to have credence in this development process 

(Contero, Company, Saorin, & Naya, 2006; Sexton, 

1992; Smith, 2003).  

 

Virtual/Augmented Reality 

Virtual reality (VR) is a broad and encompassing 

term that is often used in discussions of technological 

applications in a wide variety of fields. However, 

defining virtual reality can be a nebulous and confusing 

task, depending on the source and application of the 

technology. Descriptions can include many aspects of 

computer-generated environments and subsumes various 

levels of immersiveness, such as desktop VR, semi-

immersive or augmented VR, and fully immersive VR 

(Fällman, 2000). Although many researchers only 

considered VR from a fully immersive, completely 

artificially created, multi-sensory paradigm, others 

(Billinghurst, 2002; Kaufmann, 2003; Szalavari & 

Gervautz, 1997) have examined the virtual experience 

from an augmented perspective – a combination of 

artificial and existing environments. Youngblut (1998) 

cautioned that to limit the definition of virtual reality only 

to immersive environments, or to describe presence only in 

terms of immersion, would overlook the potential 

advantages of non-immersive VR systems. One benefit of 

augmented reality includes the ability to display a virtual 

three dimensional object along with and as part of a real 

environment. Milgram (1994) described a scale that 

identified how augmented reality and virtual reality are 

related along a reality continuum. This scale referred to the 

distinct methods of visualization available to a single 

perspective (see Figure 1). 

 

 
Figure 1. Milgram’s Reality-Virtuality Continuum 

 

Modern usage of augmented reality include applications 

such as medical imaging, product design, and 

entertainment. In engineering graphics applications 

engineers, designers, and clients can now describe a model 

and present/critique it through a augmented reality 
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teleconference.  

The technology involved in creating an augmented 

reality system is fairly common, yet there are several 

ways of presenting these system environments. The 

required materials involve a video capture device, a 

display device, a computer to capture the video feed, 

overlay the geometry and display, and a grid or marker 

that may be captured by the camera to interpret 

perspective, location, and angle of the real world. The 

two different methods in which this can be arranged are: 

• Using a see through head mounted display with 

capture device attached to the display. 

• Using a monitor and camera in which the 

camera and monitor are positioned without any 

attachment to the viewer. 

The head mounted display devices may also be split into 

two different categories: optical-see-through and video-

see-through. The simplest version of an optical see-

through display employs a mirror beam splitter to allow 

light to pass through while at the same time reflecting 

key lights from a separate direction. If oriented properly, 

the beam splitter will reflect the image of a computer 

display in front of the user’s eye while still allowing light 

from the surrounding world to pass through (Feiner 

2002). For the sake of cutting cost and speed of 

development, this research utilizes a monitor-camera 

setup for greater accessibility and usability (see Figure 

2). This method is also at a greater advantage if there are 

multiple viewers interacting or viewing the AR system. 

 

 
 

Figure 2. Monitor-Camera Augmented Reality Setup 

 

III. Method  

Procedure 

The study was a qualitative assessment of students’ 

perception of an augmented reality interface. The 

participants were asked to sit in front of a computer 

monitor that displayed a live video feed captured by a 

camera facing the table in front of the subject. On the 

table, subjects were presented with a set of cards with 

symbols on them. As the camera captured the symbols on 

the cards, superimposed computer generated, three-

dimensional geometry was displayed on the monitor. 

These three dimensional shapes were located above the 

card symbols on the monitor image.  

Prior to the actual tasks being presented, the 

participants were shown a single card with an overlaid  

three-dimensional computer generated geometric shape. 
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This procedure allowed the students to familiarize with 

the interface. The participants were given 60 seconds to 

become accustomed to the interface or could request to 

begin the first task earlier, if desired. The students were 

then given a total of five minutes to complete the 

following tasks before beginning the survey.  

In order to complete the study, students were 

presented with a set of cards, each with its own 

respective geometric shapes. The three dimensional 

augmented reality shapes were superimposed on the two 

dimensional card images as described above (see Figure 

3). The participants were asked if the geometric shapes 

were identical or dissimilar. These shape objects were 

obtained from spatial ability tests, such as the 

Vandenberg Mental Rotations Test (see Figure 4) and the 

Purdue Spatial Visualization Test-Rotations.  

 

 
 

Figure 3. Example Comparison Task 

 

If the students completed the comparison task with 

time to spare, they were given the option of completing 

additional tasks in which they were asked to rotate and 

translate the cards in order to arrange computer generated 

three dimensional geometric shapes into a given 

configuration. The purpose for this was to have the 

participants become accustomed to rotating and translating 

the markers to gain a better understanding  of  

 
 

Figure 4. Example from the Vandenberg Mental 

Rotations Test 

 

how those markers correlate directly with how the 

represented objects are superimposed on the image. 

Following these tasks, or after the allocated time expired, 

the subjects were asked to fill out a survey (See Appendix 

1). 21 participants participated in the research, ranging in 

age from 18 – 25 years old. All were students at Purdue 

University, from a variety of academic majors. 

 

Hardware & Software 

For this study, the researchers used a standard LCD 

monitor from a laptop with specifications not exceeding 

single core 1.00GHz, 512MB RAM. A Logitech 

QuickCam 9000 was utilized for the video recording. The 

software used in this study is compatible with any web 

cam with proper drivers installed with efficiency being 

proportional to the computer’s graphic capabilities. The 

application for this research was developed with a base 

from ARToolkit GNU Edition, OpenGL, and VRML 

libraries. ARToolkit is an open source project that consists 
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of a software library for building AR applications. This 

library allows the application to calculate the position of 

the marker from the perspective of the camera. This is 

done by calculating the position, size and angle of the 

marker to determine its location. These markers consist 

of printed squares with symbols labeled on them (see 

Figure 5). These symbols are stored in the application 

and are used to determine which objects to load onto the 

markers. 

 

 
 

Figure 5. Marker Example 

 

IV. Results   

There were four Likert scale questions in the survey 

that examined participants’ perception of the augmented 

reality interface. Preliminary analysis of the data from the 

responses to these questions indicated that students felt 

that further use of augmented reality technology could 

help their comprehension of three dimensional geometry 

(See Table 1). 

 

 

 

 
S

D  
D  

 

U

  

A  
S

A  
Mean  

Do you think further 

use of Augmented 

Reality can increase 

your understanding of 

geometric views 

(orthographic, 

isometric, etc.)?  

0  0  1  16  4  4.14  

Would you be more 

comfortable interacting 

with computer 

generated geometry 

through this interface 

instead of using a 

mouse and keyboard?  

0  5  3  5  8  3.76  

Do you think this would 

be a useful application 

in a class environment?  

0 0 2 9 10 4.38 

Does the lack of 

physical tactile 

feedback make it more 

difficult to understand 

the model?  

1  9  7  4  0  2.67  

 

Table 1. Survey Responses 

 

The response to Question 1 indicated that the 

participants agreed that the use of augmented reality could 

be helpful in understanding of three dimensional objects 

(Mean response = 4.14 out of 5.00). The second question 

results indicated that most of the participants preferred the 

augmented reality interface (3.76 mean score), but there 

were also five respondents that preferred a more traditional 

user interaction. For Question 3, the participants felt 

strongly that an augmented reality application would be a 

useful tool for academic settings (4.38 mean score). 

56 2009  Erie, Pennsylvania



Although the mean score for Question 4 indicated that 

students favored the augmented reality feedback, there 

was sufficient responses to the contrary to indicate that 

some participants still would favor some sort of 

haptic/tactile  feedback to assist in their understanding 

the image geometry. 

Students also responded to seven open ended short 

answer questions to further examine their perceptions of 

the augmented reality technology. The responses to these 

questions have not been analyzed in depth at this time, 

but in general the responses seem to indicate that the 

participants quickly became comfortable with the 

augmented reality interface. The responses indicated a 

strong interest in the augmented reality technology and a 

generally positive stance towards the utilization of 

augmented reality in completing the delineated tasks. The 

question “If you had an opportunity to use this 

technology in your daily work/field of study, would 

you?” generated a very wide range of responses. The 

purpose of this question was to encourage the 

participants to visualize the application of augmented 

reality into their own context. It would appear that more 

research and clearer demonstration of the potential uses 

of augmented reality technology may be necessary to 

clarify and gain insight into the reason for such a wide 

variation in perception for this question. 

 

V. Future Research 

The results of this study indicate that there might be 

significant benefit to applying augmented reality 

technology in educational settings. It is recommended 

that further testing be done with the equipment used in 

this study, in both more detailed research of spatial 

comprehension and broader applications in academic 

subject matter. Further studies could also examine impact 

of augmented reality on learning style preference, as a 

remediation tool in various subject areas, and in special 

education and/or gifted education scenarios. As more data 

is generated, quantitative analysis techniques could also be 

used to measure the effectiveness augmented reality as a 

visualization tool. Analysis of the impact of the technology 

by specific demographics such as gender, culture, age, and 

experience may also prove beneficial.  
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Appendix 1. Survey Instrument 

 
 

Visual Interpretation through Augmented Reality Survey: 

 
 
• Is the interaction similar to what you believe the interaction with a physical object would be 

and why? 

• Did you feel like you needed further instructions? 

• What did you like the most and why? 

• If you had an opportunity to use this technology in your daily work/field of study, would you? 

• What changes would you make to this interface? 

• What did you find difficult to use? 

• What was most intuitive? What wasn't?
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ABSTRACT – A gusset plate is used to connect two 

structural elements.  The gusset plate design is based 

on the Whitmore area, which is obtained graphically by 

intersecting the perpendicular cross section at the end 

of a connection with a line traced from the start of the 

connection forming 30 degrees angle with the 

connection centerline.  The pseudo-column lengths are 

also obtained graphically by tracing perpendicular 

lines from the ends, through the center of the Whitmore 

area, and finishing at the edges.  The spreadsheet 

presented follows the classical graphical method using 

Analytical Geometry to find Whitmore area and the 

pseudo-column lengths presenting the results in a 

scaled drawing.  This spreadsheet with graphical 

presentation permits the student a better visualization 

of a geometric problem, permitting further 

calculations. 

 

I. Introduction 

 Gusset plates are used to connect individual 

members to form strong structures.  The design of 

gusset plates is based on experimental works whose 

conclusions reveal failure modes at a specific zone 

called Whitmore width, which is shown in Figure 1, as 

defined by AISC (2005).   Finding the Whitmore width 

is possible using a scaled graph, however it is time 

consuming and the results shall be used as input for 

other computer tools in order to verify the structural 

quality of the gusset plate. 

 

 

 

 

 

 

 

 

 

 

 

 

The points and lines defining the gusset plate can 

be represented with coordinates and incidence, which 

are two nodes defining the start and end of the line. 

The capabilities of Excel (2003 and 2007) 

spreadsheet can be improved significantly using Visual 

Basic for Applications (VBA), and in this way a series 

of functions are created to find the intersections of 

lines, perpendicular lines, and parallel lines, among 

other applications.  The theory of Analytical Geometry 

is used intensively to create these VBA functions. 

Excel and VBA can also be used to draw the points 

and lines in the spreadsheet.  The scale, type of lines, 

X 

Y

Figure 1. Typical gusset plate, Whitmore 
area and pseudo-column lengths 

Whitmore area 
Lw x t 

30o 

L3 

L2 
L1 1
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6
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texts, colors, and other shapes or properties are user-

defined. 

 

II. Functions written in VBA using Analytical 

Geometry 

 Excel and VBA can be used to create functions 

which are not in the Excel library.  The functions 

described in this work are based on Analytical 

Geometry theory.   

 An orthogonal two-dimensional coordinate system 

is used to define the coordinates (x, y) of the nodes, and 

the lines are defined using the concept of incidence, 

which are its start and end nodes. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The function InterceptL1L2() is created to find the 

coordinates of the intersection point of two lines.  

Figure 2 shows the VBA code for this function.  The 

lines are defined using the incidence nodes of L1:XY1-

XY2, and L2:XY3-XY4. 

 

 

 

 

 

 

 

 

 

Public Function InterceptL1L2(XY1 As Range, _ 
XY2 As Range, XY3 As Range, XY4 As Range) 
Dim m1, m2, Xo As Double 
Dim X1, X2, X3, X4 As Double 
Dim Xintercept, Yintercept, Intercepta(2) As Variant 
 
X1 = XY1(1): Y1 = XY1(2) 
X2 = XY2(1): Y2 = XY2(2) 
X3 = XY3(1): Y3 = XY3(2) 
X4 = XY4(1): Y4 = XY4(2) 
 
If X2 = X1 Then 
    m1 = 10000000 
Else 
    m1 = (Y2 - Y1) / (X2 - X1) 
End If 
If X4 = X3 Then 
    m2 = 10000000 
Else 
    m2 = (Y4 - Y3) / (X4 - X3) 
End If 
 
If m2 = m1 Then 
    Xintercept = "n/a, //" 
    Yintercept = "n/a, //" 
Else 
    Xintercept = (m2 * X4 - Y4 + Y2 - m1 * X2) / (m2 - m1) 
    Xo = Xintercept 
    Yintercept = m2 * (Xo - X4) + Y4 
End If 
 
Intercepta(0) = Xintercept 
Intercepta(1) = Yintercept 
InterceptL1L2 = Intercepta 
 
End Function 

L1 

L2 

InterceptL1L2 

Figure 2.  VBA code for the function to find the 
interception of two lines 

Public Function PerpL1L2(XYo As Range, XY1 As Range,  _ 
XY2 As Range, XY3 As Range, XY4 As Range) 
Dim m1, m2, XX As Double 
Dim Xo, Yo, X1, Y1, X2, Y2, X3, Y3, X4, Y4, Xp, Yp As 
Double 
Dim PerpL1L2Temp(2) As Double 
 
Xo = XYo(1): Yo = XYo(2) 
X1 = XY1(1): Y1 = XY1(2) 
X2 = XY2(1): Y2 = XY2(2) 
X3 = XY3(1): Y3 = XY3(2) 
X4 = XY4(1): Y4 = XY4(2) 
 
If X2 = X1 Then 
    m1 = 100000 
Else 
    m1 = (Y2 - Y1) / (X2 - X1)  
End If 
If X4 = X3 Then 
    m2 = 100000 
Else 
    m2 = (Y4 - Y3) / (X4 - X3) 
End If 
 
If m1 = 0 Then 
    Xp = Xo 
Else 
    Xp = 1 / (m2 + 1 / m1) * (Xo / m1 + Yo + m2 * X3 - Y3) 
End If 
 
Yp = m2 * (Xp - X3) + Y3 
 
PerpL1L2Temp(0) = Xp 
PerpL1L2Temp(1) = Yp 
PerpL1L2 = PerpL1L2Temp 
End Function 

Figure 3.  VBA code for the function to find a 
perpendicular to L1 from XYo and intersecting 
L2

L1 

L2 

XYo 

PerpL1L2 
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The function PerpL1L2() is used to define a 

perpendicular line to L1 from a specified point and 

intersecting a second line L2.  As shown in Figure 3, the 

function finds a point belonging to line L2:(XY3-XY4) 

that when is joined to the given point XYo forms a 

perpendicular to the line L1:(XY1-XY2).   

Figure 4 shows the VBA code for the function 

PerpPointL1() which finds a perpendicular line from a 

given outer point XYo toward the line L1.  

Figure 5 shows the VBA code for the function 

ParallelL1d() which is used to find the incidence points 

of a line L2 which is parallel to the given line L1 at a 

defined distance “d”.  If d is positive then the line L2 is 

located counterclockwise of L1. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Public Function PerpPointL1(XY1 As Range, _ 
XY2 As Range, XYp As Range) 
Dim m1, Xo, Yo As Double 
Dim PerpPointL1Temp(2) As Double 
Dim X1, Y1, X2, Y2, Xp, Yp As Double 
 
X1 = XY1(1): Y1 = XY1(2) 
X2 = XY2(1): Y2 = XY2(2) 
Xp = XYp(1): Yp = XYp(2) 
 
If X2 = X1 Then 
    m1 = 100000000 
Else 
    m1 = (Y2 - Y1) / (X2 - X1) 
End If 
 
If Y1 = Y2 Then 
    Xo = Xp 
    Yo = Y1 
Else 
    Xo = (m1 * X1 - Y1 + Xp / m1 + Yp) / (m1 + 1 / m1) 
    Yo = -1 / m1 * (Xo - Xp) + Yp 
End If 
 
PerpPointL1Temp(0) = Xo 
PerpPointL1Temp(1) = Yo 
PerpPointL1 = PerpPointL1Temp 
 
End Function 

Figure 4.  VBA code for the function to find a 
perpendicular from an outer point XYp 
toward the line L1 

L1 
XYp 

PerpPointL1 

Figure 5.  VBA code for the function to find a 
parallel line 

Public Function ParallelL1d(XY1 As Range, _ 
 XY2 As Range, d) 
Dim Parallel(2, 2) As Double 
 
XY3 = PointDistFromPoOfL1(XY1, XY1, XY2, d) 
XY4 = PointDistFromPoOfL1(XY2, XY1, XY2, d) 
 
Parallel(0, 0) = XY3(0) 
Parallel(0, 1) = XY3(1) 
Parallel(1, 0) = XY4(0) 
Parallel(1, 1) = XY4(1) 
 
ParallelL1d = Parallel 
End Function 
 
Public Function PointDistFromPoOfL1(XYo As Range, _ 
XY1 As Range, XY2 As Range, DistFromL1) 
Dim m1, a, b, C, d, XX, SignoDist As Double 
Dim Xo, Yo, X1, Y1, X2, Y2, Xd, Yd As Double 
Dim PointDistTempo(2) As Double 
 
Xo = XYo(1): Yo = XYo(2) 
X1 = XY1(1): Y1 = XY1(2) 
X2 = XY2(1): Y2 = XY2(2) 
 
If DistFromL1 = 0 Then 
    Xd = Xo 
    Yd = Yo 
    GoTo 100 
End If 
 
SignoDist = DistFromL1 / Abs(DistFromL1) 
 
RadioAngle = ConvertCartesianPolar(X2 - X1, Y2 - Y1) 
Angle = RadioAngle(1) 
If Angle > 180 Then SignoDist = -SignoDist 
 
If X2 = X1 Then 
    m1 = 100000000 
    Xd = X2 - DistFromL1 
Else 
    m1 = (Y2 - Y1) / (X2 - X1) 
End If 
 
If m1 = 0 Then 
    Yd = Yo + DistFromL1 
    Xd = Xo 
Else 
    d = m1 * Xo - m1 * X1 + Y1 + Xo / m1 
    a = 1 + 1 / m1 ^ 2 
    b = -2 * Xo - 2 * d / m1 + 2 * Yo / m1 
    C = Xo ^ 2 + d ^ 2 - 2 * Yo * d + Yo ^ 2 - DistFromL1 ^ 2 
    If X2 = X1 Then 
        Xd = X2 - DistFromL1 
    Else 
        Xd = (-b - SignoDist * (b ^ 2 - 4 * a * C) ^ 0.5) / (2 * a) 
    End If 
    Yd = -1 / m1 * (Xd - Xo) + Yo 
End If 
100 
PointDistTempo(0) = Xd 
PointDistTempo(1) = Yd 
PointDistFromPoOfL1 = PointDistTempo 
 
End Function

L1 

d 

d 

L2 
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Another function used to find the distance between 

the incidence points and the angle with respect to the 

horizontal line is called ConvertCartesianPolar(), its 

VBA code is presented in Figure 6, where the X means 

the difference of ordinates (Xend - Xstart) and Y the 

difference of abscissas (Yend -  Ystart). 

 The scaled drawing of the nodes and lines is done 

using the VBA programs presented by Tito and 

Gomez-Rivas (2007).  The nodes and line incidence is 

used as input to make the graphical presentation. 

 

  

III. Gusset Plate 

 Figure 7 shows the input parameters with their 

positive sign; in this form, a negative value means the 

opposite direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Symbol Description 

W 

Horizontal projection of the beam-
gusset interface and beam-side free 
edge 

H 

Height from the beam-gusset interface 
up to the column-side free edge and 
corner edge intersect 

a 

Horizontal distance from Y-axis to 
point 5, it is the X-coordinate of point 
5. 

b 
Vertical distance from X-axis to point 
3, it is the Y-coordinate of point 3 

θb 
Angle of column-side free edge when 
measured to a horizontal line * 

θc 
Angle of beam-side free edge when 
measured to a vertical line * 

θbb 
Angle from the beam-gusset interface 
when measured to the X-axis * 

θcc 
Angle from the column-gusset interface 
when measured to the Y-axis * 

L Distance from the first hole to the last 

Le 
Edge distance from the first hole to the 
corner edge 

s Distance between parallel row of holes 
* Note:   the angles are positive in the direction 

indicated in Figure 7 

Figure 6.  VBA code for the function to find the 
distance and direction of the line L1 

Public Function ConvertCartesianPolar(X, Y) 
Dim Radio, Angle1, Angle2 As Single 
Dim CPc(2) As Single 
Dim Quad As Integer 
 
Radio = (X ^ 2 + Y ^ 2) ^ 0.5 
 
If X = 0 And Y = 0 Then 
    CPc(0) = Radio 
    CPc(1) = 0 
Else 
    Angle1 = WorksheetFunction. _ 
    Degrees(WorksheetFunction.Atan2(Abs(X), Abs(Y))) 
End If 
 
If X >= 0 And Y >= 0 Then 
    Quad = 1 
ElseIf X < 0 And Y >= 0 Then 
    Quad = 2 
ElseIf X < 0 And Y < 0 Then 
    Quad = 3 
ElseIf X >= 0 And Y < 0 Then 
    Quad = 4 
End If 
Select Case Quad 
Case 1 
    Angle2 = Angle1 
Case 2 
    Angle2 = 180 - Angle1 
Case 3 
    Angle2 = 180 + Angle1 
Case 4 
    Angle2 = 360 - Angle1 
End Select 
 
CPc(0) = Radio 
CPc(1) = Angle2 
ConvertCartesianPolar = CPc 
 
End Function 

L1 

Angle 

Distance 

Start 

End 

Table 1. Information used as input 

Figure 7.  Schematic of a gusset plate and the 
information considered as input 
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 As shown in Figure 7, the coordinates used for this 

paper are referred as the orthogonal axis X and Y whose 

origin is at point 1.  The coordinates of the corners 

defining the gusset plate are described below. 

 

Node 1: X1 = 0     Y1= 0  (1) 

Node 3: X3 = W  Y3 = b  (2) 

Node 5: X5 = a  Y5 = H  (3) 

 

 The node 4 is at mid distance between the nodes 3 

and 5, then: 

 

Node 4:  X4 = (W+a)/2 Y4 = (b+H)/2 (4) 

 

 The coordinates of node 2 are found using the 

intersection of the line L1-101 and L3-102, where the 

node 101 belongs to the line L1-2, and the node 102 

belongs to the line L3-2, located at an arbitrary distance 

“d”, in this form: 

 

Assume: d = 10 

Node 101:   

 X101 = X1 + d . cos(θbb)  (5) 

 Y101 = Y1 - d . sin(θbb)   (6) 

Node 102:   

 X102 = X3 - d . sin(θc)   (7) 

 Y102 = Y3 - d . cos(θc)   (8) 

 

 The node 2 is found using the VBA function: 

 

=InterceptL1L2(X1:Y1, X101:Y101, _ 

   X3:Y3, X102:Y102)  (9) 

 

 Similarly, the coordinates of the node 6 are found 

using the intersection of the line L1-103 and L3-104, 

where the nodes 103 and 104 are auxiliary points 

belonging to the lines L1-6 and L3-6, respectively, at 

an arbitrary distance “d”, yielding: 

 

Assume: d = 10 

Node 103:   

 X103 = X1 - d . sin(θcc)   (10) 

 Y103 = Y1 + d . cos(θcc)  (11) 

Node 104:   

 X104 = X5 - d . cos(θb)   (12) 

 Y104 = Y5 + d . sin(θb)   (13) 

 

 The node 6 is found using the VBA function: 

 

=InterceptL1L2(X1:Y1, X103:Y103, _ 

   X5:Y5, X104:Y104)  (14) 

 

 The next step consists of finding the angle between 

the connection centerline with the horizontal and the 

coordinates of the first and last holes.  It is assumed 

two parallel lines of holes with their centerline 

intercepting the gusset plate at node 4. 

 As shown in Figure 8, the node 8 belongs to a line 

perpendicular to the line L4-5 at distance Le from the 

node 4; therefore, its coordinates (X8, Y8) are found 

using the following expression: 

 

=PointDistFromPoOfL1(X4:Y4,X4:Y4,X5:Y5,Le)        (15) 

 

Similar for the node 9, but at distance L+Le: 

 

=PointDistFromPoOfL1(X4:Y4,X4:Y4,X5:Y5,L+Le)   (16) 

 

 The nodes 10 and 11 form a line parallel to the line 

L8-9 at a distance –s/2, for which, the negative sign 

indicates clockwise from line L8-9.  The following 

VBA function is used: 
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=parallell1d(X8:Y8, X9:Y9, -s/2)  (17) 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 The nodes 12 and 13 are found considering a 

distance s/2: 

 

=parallell1d(X8:Y8, X9:Y9, s/2)  (18) 

 

 The angle forming the line L9-8 with the 

horizontal is defined as θB.  The following VBA 

function provides the distance between points 9 and 8 

and the required angle θB. 

 

=ConvertCartesianPolar(X8–X9,  Y8–Y9) (19) 

 

IV. Whitmore Width 

 As shown in Figure 8, the nodes 106 and 107 

belong to the line forming 30-deg with the lines L10-11 

and L12-13 starting from the nodes 10 and 12, 

respectively.  The following equation is used: 

 

Assume: d = 10 

Node 106:   

 X106 = X12 - d . cos(θB + 30)  (20) 

 Y106 = Y12 - d . sin(θB + 30)  (21) 

Node 107:   

 X107 = X10 - d . cos(θB - 30)  (22) 

 Y107 = Y10 - d . sin(θB - 30)  (23) 

 

 The node 16 is the intersection of the line L12-106 

with the line L9-13: 

 

=InterceptL1L2(X9:Y9, X13:Y13, X12:Y12, X106:Y106)    (24) 

 

 Similarly, node 17 is found as the interception of 

the line L9-13 with the line L10-107: 

 

=InterceptL1L2(X9:Y9, X13:Y13, X10:Y10, X107:Y107)    (25) 

 

 The other nodes along the line 9-13 are: 

Node 14: Interception of line 9-13 with side 2-3 

Node 15: Interception of line 9-13 with side 5-6 

Node 18: Interception of line 9-13 with side 1-2 

Node 19: Interception of line 9-13 with side 1-6 

 

 When node 17 is inside the gusset plate, then the 

distance Ŝ16-17 is the Whitmore width, Lw.  Figure 9 

shows a pseudo-code that verifies the correct value of 

Lw, and Figure 10 shows the particular situations to find 

the correct value of Lw. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  Definition of nodes 
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If  Ŝ9-16 <= Ŝ9-14 and Ŝ9-16 <= Ŝ9-18 then 
 Lw1 = Ŝ9-16 
Else If  Ŝ9-16 > Ŝ9-14 and Ŝ9-14 <= Ŝ9-18 then 
 Lw1 = Ŝ9-14 
Else Ŝ9-16 > Ŝ9-18 and Ŝ9-18 <= Ŝ9-14 then 
 Lw1 = Ŝ9-18 
End if 
 
If  Ŝ9-17 <= Ŝ9-15 and Ŝ9-17 <= Ŝ9-19 then 
 Lw2 = Ŝ9-17 
Else If  Ŝ9-17 > Ŝ9-15 and Ŝ9-15 <= Ŝ9-19 then 
 Lw2 = Ŝ9-15 
Else Ŝ9-17 > Ŝ9-19 and Ŝ9-19 <= Ŝ9-15 then 
 Lw2 = Ŝ9-19 
End if 
 
Lw = Lw1 + Lw2 

Figure 9.  Pseudo code to find Whitmore width, Lw 

64th EDGD Mid-Year Conference Proceedings  65



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. Pseudo-Column Lengths 

 The pseudo-columns are used in different forms to 

compute the compression capacity of a gusset plate.  

The three values commonly used correspond to the free 

distance between the end of the Whitmore width (L1 

and L3) and at the centerline (L2), as shown in Figure 

11.   The auxiliary nodes are found using the following 

interceptions: 

Node 30: Interception of line L1-2 with the 

perpendicular to L9-13 from point 9. 

Node 31: Interception of line L1-6 with the 

perpendicular to L9-13 from point 9. 

Node 32: Interception of line L1-2 with the 

perpendicular to L9-13 from point 16. 

Node 33: Interception of line L1-6 with the 

perpendicular to L9-13 from point 16. 

Node 34: Interception of line L1-2 with the 

perpendicular to L9-13 from point 17. 

Node 35: Interception of line L1-6 with the 

perpendicular to L9-13 from point 17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b.  Lw = Ŝ18-19  L2 = Ŝ9-31 
Figure 10.  Particular cases for Whitmore 
width 
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Figure 11.  Pseudo-column length 
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 The following relationships apply to find the 

pseudo-column lengths: 

L1: least value between Ŝ16-32 and Ŝ16-33 

L2: least value between Ŝ9-31 and Ŝ9-30 

L3: least value between Ŝ17-35 and Ŝ17-34  

 

 L1 does not exist if node 16 is outside from the 

gusset plate, or when Lw1 is lower than half of Lw.  

Similarly, L3 does not exist if node 17 is outside the 

gusset plate, or when Lw2 is lower than half of Lw.  

Figure 10 show cases where only L2 exists. 

 

VI. Verification of the proposed methodology 

 Chambers and Bartley (2007) published an 

algorithm to find the Whitmore width and the 

associated pseudo columns based on geometric 

concepts.  The twelve cases presented are satisfactorily 

verified using the spreadsheet based in the Analytical 

Geometry presented in this paper.   

 The advantage of this method is its capability to 

make a scaled drawing, because the coordinates of the 

nodes and the line incidences are computed during the 

process.  The graphical presentation permits the 

students to visualize the geometry of the gusset plate 

and the parameters under study. 

 Figure 12 shows the spreadsheet input and 

numerical results for one of the examples given by 

Chambers and Bartley, observing that both are 

equivalent.  Finally, Figure 13 presents the scaled graph 

done with the information previously input. The 

program uses the coordinates and incidences to make 

this graph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 13.  Scaled graph of the gusset plate, the 
Whitmore width and the pseudo column 

Figure 12.  Spreadsheet: Input (in yellow) 
and Results  
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VII. Conclusions 

 The paper presents a methodology that combines 

Analytic Geometry with an Excel spreadsheet prepared 

with VBA programs that draw scaled graphs, and with 

VBA functions to compute interceptions, parallel lines, 

and perpendicular lines, among other applications.  The 

graphical presentation permits the students a 

visualization of the gusset plate design and also obtains 

parameters that can be used for further calculations.  In 

the engineering practice, this type of problems is 

frequently solved only with graphical methods. 
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ABSTRACT – Solid modeling is widely used as a 

teaching tool in summer activities with high school 

students.  The addition of motion analysis allows 

concepts from statics and dynamics to be introduced to 

students in both qualitative and quantitative ways.  Two 

sets of solid modeling projects – carnival rides and 

Rube Goldberg machines – are shown to allow the 

students creative freedom while challenging them to 

understand the physics of the simulated motion.  

Possible benefits of including similar motion 

simulations into engineering classes as exercises or in-

class demonstrations are discussed.  

 

I. Introduction 

Solid modeling is now widely used in most 

engineering and engineering technology programs.  It 

has also become a common tool for workshops and 

seminars for middle and high school students.  The 

basic functions of modern solid modeling software are 

relatively easy to learn, and most students find the 

learning experience to be fun. As such, solid modeling 

is an excellent tool for stimulating interest in 

engineering and technology careers. 

While solid modeling exercises help students 

develop important three-dimensional visualization 

skills and can be used as an introduction to the 

engineering design process, the addition of analysis and 

simulation tools can greatly expand their value.  In the 

past, the authors have reported on the use of finite 

element analysis in a design-analyze-build-test 

experience for high school students (Howard and 

Williams, 2007), as well as the inclusion of some 

simple motion analysis exercises with another group of 

students (Howard et al., 2009). 

This paper focuses on motion analysis studies 

performed by students in the Summer Ventures in 

Science and Mathematics program during 2008 and 

2009.  During the last week of the program, students 

work independently on a project of their choosing.  

Several students chose to model carnival rides or Rube 

Goldberg machines as their projects.  Some of the 

concepts explored by the students required them to 

learn some basic concepts from statics and dynamics.  

In addition to reporting on these projects, this paper 

will examine the potential of using similar exercises in 

engineering mechanics classes. 

 

II. The Summer Ventures Program 

The Summer Ventures in Science and Mathematics 

program was established in 1984 by the North Carolina 

General Assembly. The program is open to rising high 

school juniors and seniors who are state residents.  

Selected participants spend four weeks at one of six 

University of North Carolina System campuses.  At 
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East Carolina University, students select three areas of 

study for two-hour class sessions during the first three 

weeks, and then choose one area for independent study 

the fourth week.  Engineering was added as a study 

area in 2005. During the first three weeks, engineering 

activities are almost evenly divided between solid 

modeling and robotics. In the solid modeling sessions, 

students learn basic modeling skills using SolidWorks 

software, use finite element analysis and rapid 

prototyping to improve the design of a structural part, 

and perform some simple motion analysis of a four-bar 

linkage.  

Over the past two summers, the number of students 

choosing solid modeling-related and robotics-related 

projects have been approximately equal (some students 

choose projects that combine both, using solid 

modeling to design components, which are built on a 

rapid prototyping system, for their robots).  While some 

students have a clear idea for their project, most need 

suggestions to start.  We have added carnival rides and 

Rube Goldberg machines as suggested projects, and 

have found that these activities allow students to 

exercise unlimited creativity, while serving as excellent 

teaching tools for students to learn concepts of 

engineering mechanics. 

III. Motion Analysis Software 

 Assemblies are constructed in the SolidWorks 

program by bringing in individual components and 

adding constraints (referred to as “mates”) to restrict 

the relative motion between the components. These 

mates define joints in motion analysis.  For example, 

the four-bar linkage in Figure 1 includes mates forcing 

the flat surfaces of adjacent links to be coplanar, and 

mates forcing the holes to be concentric.  The resulting 

allowable motions are those of revolute (hinge) joints, 

with each joint having a single degree of freedom.  In a 

motion analysis, a motor can be applied to drive one of 

the links, and the other links will move consistent with 

the constraints of the revolute joints. 

Figure 1.  Four-Bar Linkage Model 

 The SolidWorks 2009 software contains three 

options for motion simulation and analysis: 

Animation: allows for motors to be specified 

and the resulting motions calculated.  The 

motion of the four-bar linkage shown in 

Figure 1 can be simulated with this option. 

Basic Motion: allows for the addition of forces 

(including gravity), springs and dampers, and 

solid body contacts (without friction or impact 

properties).  Animation and Basic Motion are 

part of the core SolidWorks software. 

Motion Analysis: allows for friction and 

impact properties to be added to solid body 

contacts, and for quantitative display of results 

such as velocities, acceleration, and forces.  

This option is available only if the SolidWorks 

Motion add-in program is installed and loaded.  

SolidWorks Motion is included in the 

SolidWorks Education Edition and Student 

Edition, but not in the SolidWorks Student 

Design Kit that is included with many 

textbooks. (Note that prior to the 2009 release 

of the SolidWorks Software, the three options 

listed were referred to as Assembly Motion, 

Physical Simulation, and COSMOSMotion, 
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respectively. Although the work reported in 

this paper was performed using SolidWorks 

2007 and 2008, we have chosen to use the 

current nomenclature.) 

 As students begin to experiment with motion 

analysis, they quickly learn that accurately simulating 

physical events that appear to be simple can in fact be 

extremely complex and computationally challenging.  

This is especially true if solid body contacts are 

included.  When setting up an analysis, the user can 

specify the number of time steps for calculations, the 

degree of accuracy required for contact calculations, 

and the overall accuracy tolerance for the analysis.  

Often, a simulation will produce unexpected results or 

will not be completed, and these parameters, or input 

properties such as friction and impact characteristics, 

will need to be adjusted. 

III. Carnival Rides 

 As an introduction to motion analysis, students 

were stepped through an analysis of the simple 

“teacup” ride illustrated in Figure 2. 

Figure 2. Teacup Ride 

The component models are provided to the students, so 

that the exercise focuses on assembly and motion 

analysis of the ride. A motor is added to cause the floor 

of the ride to rotate relative to the fixed base, and other 

motors cause the seats to rotate relative to the floor.  

The ride can be simulated using only the Animation 

option, but to view numerical results, the SolidWorks 

Motion add-in must be enabled. 

The results that are of interest here are the velocity 

and acceleration that are experienced during the ride. 

Since these parameters are displayed for the center of 

mass of a component, a small cylindrical object (a

“sensor”) is added to one of the seats immediately 

behind the head of the rider. A graph of the velocity 

magnitude is shown in Figure 3. For this analysis, the 

floor was set to rotate at 15 rpm, and the seat was set to 

rotate at 45 rpm relative to the floor (both rotations 

were clockwise). 

Figure 3.  Velocity of Sensor in Teacup Ride 

The results of this analysis are easy to confirm 

with hand calculations, and introduce students to the 

concepts of curvilinear motion, relative motion, and 

vector quantities.  If the center of the seat is called 

point A and the location of the sensor is called point B, 

then the velocity of point B can be written as: 
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where  is the velocity of point B relative to point 

A.  For a point traveling in a circular path, the 

magnitude of velocity is the angular velocity  times 

the radial distance from the center of rotation to the 

point of interest, so the magnitude of point B’s velocity 

can be written as: 

 

 

 

where point O is the center of the ride.  It is worth 

pointing out to students that Equation 2 is valid only if 

the two velocity components are along the same line of 

action.  The more general form of the velocity equation 

is written with vector cross-products, but teaching 

vector mathematics to the high school students is not 

practical in the time available. However, introducing 

the concept of a vector quantity is important. The radial 

distance  is 60 inches, and the distance  is 28.5 

inches.  The angular velocity of the floor is 15 rpm 

(which converts to  radians per second). When 

entering the value for the angular velocity of the seat, 

the tendency for students is to enter 45 rpm (  

radians per second). However, this is the value of the 

angular velocity of the seat relative to the floor.  To 

find the angular velocity of the seat, this relative 

velocity must be added to the velocity of the floor: 

  

 

 

Therefore, the magnitude of the angular velocity of the 

seat is equal to 

  

 

 

The maximum velocity occurs when the sensor is 

at its maximum distance from the center (when the 

rider is facing inward, as in Figure 4), since the two 

velocity components of Equation 2 are associated with 

velocities in the same direction.  Therefore, the 

maximum magnitude of the velocity is 

 

 

 

 

 
Figure 4. Configuration for Maximum Velocity 

 

This value agrees with the value from the 

simulation, as shown on the graph in Figure 3.  To find 

the minimum value of velocity magnitude, we note that 

when the sensor box is at its minimum distance from 

the center, as in Figure 5, then the two velocity 

components are in opposite directions. If we define the 

positive direction as to the right (clockwise relative to 

the center of the ride), then the velocity at this point is 

 

 

 

 

This value also agrees with the simulation result of 

Figure 3, although since the magnitude of velocity is 

graphed, the negative sign is dropped. 
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Figure 5. Configuration for Minimum Velocity 

 A similar set of calculations can be made for the 

extreme values of acceleration magnitude. 

 Although the calculations for this example are 

simple, there are several important points that will be 

new for most high school students: 

The concept that velocity and acceleration are 

vector quantities, with both magnitude and 

direction, and can be added algebraically as in 

Equations 5 and 6 only when directions are 

along the same line of action. 

The concept of relative motion, which can be 

introduced by having students discuss the 

apparent motion of other cars passing them in 

both directions when they are traveling in a car 

on a straight road. 

The fact that a body traveling in a circular path 

must have acceleration, even if the angular 

velocity is constant, since the velocity is 

constantly changing direction. Since force is 

proportional to acceleration, this means that 

force is necessary to cause a body to follow a 

curved path.  An easy to understand analogy is 

a car making a turn on a slick road.  If the 

wheels begin to slide, then the car will travel 

in a straight line off the road.  To travel the 

curved path, the friction between the tires and 

road must provide a force toward the center of 

curvature. 

The fact that even relatively low rotational 

speeds can produce high accelerations.  In this 

example, the seats do not appear to be 

spinning at an unreasonably high speed, but 

the maximum acceleration is 1273 in/s2, or 

3.3g.  Students usually have a vague 

understanding of g-forces, and those who 

choose to model carnival rides are encouraged 

to research the g-forces experienced during 

actual rides and the effects of g-forces on the 

body. 

 During the Summer Ventures 2009 program, three 

students chose to model carnival rides as their final 

projects. Figure 6 shows a “Yo-Yo” ride which was 

designed by one of the students.  In the model, the 

center shaft spins and the seats are propelled in and out 

radially by only gravity and inertial forces. 

Figure 6. Yo-Yo Ride Model 

 In the simulation of this ride, it was noted that 

applying a constant-speed motor to the center shaft 

produced wild oscillations of the hanging seats.  In 

order to produce a realistic simulation, the speed 

needed to be ramped up slowly to avoid the sudden 
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change of acceleration (introducing the concept of jerk, 

the rate of change of acceleration), and friction needed 

to be added to the joints at the top of each seat’s 

hanger.  The student also varied the mass properties of 

the seat/riders to study the effects of the mass on the 

accelerations. 

 The rate of acceleration and the friction properties 

were also important in the simulation of the student-

designed Ferris Wheel shown in Figure 7.  A Ferris 

Wheel is not usually thought of as a “thrill ride,” and so 

the accelerations experienced by riders were expected 

to be low.  If the rotational velocity was applied 

instantaneously and friction was omitted from the 

model, then the calculated accelerations were 

surprisingly high. The student was able to isolate the 

contributions of the rotational speed and the swinging 

of the seats on overall acceleration and show that if the 

swinging is minimized with friction and gradual 

changes of rotational speed, then g-forces on Ferris 

Wheel riders are indeed low. 

 

 
Figure 7.  Ferris Wheel Model 

  

 The third ride modeled by a student is one that 

goes by various names (“Viking Ship” is one common 

name) and was called the “Pirate Ride” by the student.  

The ride, which is illustrated in Figure 8, rocks the 

passengers back and forth in gradually larger 

oscillations until finally completing a complete 360-

degree loop, often holding the riders up-side down 

momentarily. 

 

 
Figure 8.  Pirate Ride 

 

 The student modeling this ride noted that the 

motion of the ride is controlled so that it appears that 

the ride swings higher and higher under its own 

momentum. Therefore, this exercise presents a good 

opportunity for introducing the concept of conservation 

of energy.  A motor must be present to enable the ride 

to swing higher than its previous high point.  The 

student investigated the torque necessary to drive the 

ride.  In doing so, the purpose of the large 

counterweight and the effects of friction were seen.  

The effects of friction on all of these rides can lead to a 

discussion of friction-reduction technologies (bearings 

and lubrication). 
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 While these projects were completed individually, 

the three students designed their rides to scale to a 

common rider size, and put their designs together into a 

virtual amusement park, as shown in Figure 9. 

Figure 9. Virtual Amusement Park 

It should be noted that during the first three weeks 

of the program, students received about six hours of 

instruction in using the SolidWorks software, and spent 

about four more hours working independently to 

redesign a structural part.  During the final week, while 

the students had a total of six days to complete their 

projects, they were required to write a paper and to 

make an oral presentation.  Therefore, most of the 

project work was completed in three to four days.  The 

complexity of the models completed during the 

program is a good indication of how quickly students 

can learn solid modeling, especially considering the 

amount of time that must be devoted to the addition of 

motion to the models. 

IV. Rube Goldberg Machines 

 Rube Goldberg was an engineer and a popular 

cartoonist of the early 20th century, and was best known 

for his depictions of machines designed to perform a 

simple task with a complex series of steps.  His name is 

now synonymous with any design that is needlessly 

complicated. High school students may be familiar with 

Rube Goldberg machines from Rube Goldberg contests 

held around the country for student teams, or from the 

popular board game Mouse Trap from Hasbro, Inc. 

The student design shown in Figure 10 includes 

several steps that can be simulated with the SolidWorks 

Motion program: 

Balls and rollers rolling down ramps, 

A series of dominoes falling over, 

A balanced lever which rotates when the 

balance is upset by a ball falling on one end, 

A “water wheel” type mechanism that rotates 

when a ball hits it, 

A gear train that transmits torque and modifies 

rotational speed, and 

A cam that lifts an object, in this case a sign 

with a message that is hidden until the final 

step of the simulation. 

Figure 10.  Rube Goldberg Machine Model 

The simulation of the carnival rides involved 

adding motors and friction to joints that were created 

from assembly mates.  Most of the elements of Rube 

Goldberg machines involve the specification of solid 

body contacts, which make the simulation more 

computationally complex. 

When using SolidWorks simulation, a physical 

event can be accurately replicated only if all forces 
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acting on a body are accounted for in the model. This 

makes the simulations a good tool for introducing 

concepts from mechanics, beginning with the free body 

diagram.  We examine in detail two common elements 

of Rube Goldberg machines in some detail – a roller 

moving down a ramp and a series of falling dominos. 

Consider the model of a roller on a ramp shown in 

Figure 11, and the free body diagram of the roller 

shown in Figure 12. 

 

 
Figure 11. Ramp and Roller Model 

 

 

 
Figure 12. Free Body Diagram of Roller 

 

The forces shown are included in the model by 

specifying gravity (for W, the weight) and contact 

between the roller and ramp (for N, the normal force).  

The definition of the contact includes specification of 

the coefficient of friction (for f, the friction force) and 

impact properties. 

As a first trial of the simulation, students may 

begin with no friction.  Of course, the roller will slide 

down the ramp with no rotation.  The magnitude of the 

velocity of the center of mass of the roller is displayed 

in Figure 13. 

 

 
Figure 13. Velocity of Roller – No Friction 

 

The velocity of the roller when it reaches the bottom of 

the ramp, 65 inches per second, can be calculated by 

equating the initial potential energy (the initial height, 

5.5 inches, times the mass times the gravitation 

acceleration, 386 in/s2) and the final kinetic energy (1/2 

times mass times velocity squared), and solving for the 

velocity. Students can change the mass properties of the 

roller and verify that the final velocity is independent of 

the roller’s mass.  When the roller makes contact with 

the flat part of the ramp, then a reduction in velocity is 

observed. The magnitude of this reduction is dependent 

on the impact properties input for the contact between 

the roller and ramp. These impact properties will be 

discussed later. 

With friction added, the equations of motion for 

the “no slip” condition can be written as: 

 

ΣFx = 𝑊 sin𝜃 − 𝑓 = 𝑚𝑎𝑥                      (7) 

W

f

N


x

y
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ΣFy = 𝑁 − 𝑊 cos𝜃 = 0                      (8) 

and 

ΣMc = −𝑓𝑟 = 𝐼𝑐𝛼                          (9) 

 

where the x-axis is parallel to the surface of the ramp, 

𝐼𝑐  is the mass moment of inertia about the centroidal 

axis, and 𝛼 is the angular acceleration of the roller.  It is 

important to note that if there is no slip, the acceleration 

𝑎𝑥  and the angular acceleration 𝛼 are related: 

 

𝑎𝑥 = 𝑟𝛼                                      (10) 

 

The angular acceleration can be found by substituting 

Equation 10 into Equation 7 and solving equations 7 

and 9 simultaneously: 

 

𝛼 =
𝑊𝑠𝑖𝑛𝜃 𝑟

𝐼𝑐 + 𝑚𝑟2
                             (11) 

 

 Slippage can be visualized in the motion analysis 

with the addition of a “trace path” for a point on the 

perimeter of the roller.  A trace path for a high friction 

coefficient is shown in Figure 14. (Note that a radius 

has been added to the bottom of the ramp to eliminate 

the collision between the roller and the flat part of the 

ramp.) 

 

 
Figure 14. Trace Path  

with High Friction Coefficient 

  

When the point on the roller makes contact with the 

ramp, the velocity goes to zero if there is no slippage.  

The sharp point on the trace path is indicative of zero 

velocity; a plot of velocity vs. time can also be 

generated to verify that no slippage occurs. 

 When a low friction coefficient is specified, a trace 

path such as the one shown in Figure 15 is generated. 

Note that when the point on the roller is adjacent to the 

ramp, the smooth curve of the trace path indicates that 

the velocity of the point does not go to zero. 

 

 
Figure 15. Trace Path with Low Friction Coefficient 

 

 It is helpful to refer to the free body diagram of 

Figure 12.  For students to understand this problem, 

they need to understand that if Equations 7 and 8 are 

satisfied for a particle, then equilibrium is satisfied, and 

the particle will remain at rest or moving linearly at a 

constant speed.  For a rigid body, Equation 9 must also 

be satisfied, and for any friction value greater than zero, 

the sum of moments about the center of the roller is 

non-zero and therefore angular acceleration will occur 

and the roller will roll.   

 With sufficient friction present to prevent slipping, 

the velocity of the roller at the bottom of the ramp can 

be determined by integrating the angular acceleration 

found from Equation 11 to find the angular velocity. 

 When performing the simulations, students may 

notice that the roller appears to penetrate the ramp at 

times.  This observation can lead to a discussion of how 

the program handles contacts between components. 
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Contact properties must be input for every pair of 

bodies that can come into contact in an analysis.  If no 

contact properties are entered, then the bodies will 

simply pass through each other. With contact enabled, 

then at each time step of the analysis, the positions of 

the bodies are evaluated to determine if contact has 

occurred.  Since the bodies are assumed to be elastic, 

some penetration is allowed between the bodies.  As a 

result of the penetration, a force is generated that tends 

to push the bodies apart.  In effect, the contact is 

simulated as a spring between the two bodies, with the 

stiffness and damping properties of the spring specified 

in the contact definition. Calculation of these properties 

is difficult, and so the default properties of the software 

are normally used. This leads to an important concept 

regarding engineering analysis:  any model of a real-

world event includes approximations.  The accuracy of 

the model is affected by the approximations, and 

engineering judgment is required in the formulation of 

the model and the interpretation of the results.  In the 

case of the roller on the ramp, the contact properties 

provide an approximation of the rolling resistance of 

the system.  Unless the final speed needs to be 

calculated precisely, the default properties represent a 

reasonable approximation of energy loss during rolling. 

 The simulation of falling dominos is more complex 

than most other elements of a Rube Goldberg machine.  

In order to accurately simulate the dominos’ behavior, 

several solid body contacts must be specified.  To help 

students understand the mechanics of the problem, the 

free body diagram shown in Figure 16 is helpful.  The 

force from the object colliding with the domino is 

labeled .  When the domino is on the verge of tipping 

over, the normal force will be concentrated at the 

corner labeled O. 

 
Figure 16.  Free Body Diagram of a Domino 

 

The equilibrium equations for the domino are: 

 

 

 

 

 

 

 

From these equations, and the maximum friction value 

of , we find that the force required for the domino 

to slip along the surface is: 

 

 

 

while the force required for the domino to tip is: 

 

 

 

Comparing Equations 15 and 16, we see that if the 

domino is to tip (which is the desired action to begin 
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the chain reaction of domino movements) rather than 

slip, then 

 

 

 

The significance of Equation 18 is that if the force is 

applied toward the bottom of the domino (low value of 

h) and/or the friction coefficient is small, then the 

condition of Equation 18 will not be satisfied and the 

domino is more likely to slip rather than to tip.  A 

simulation of this condition is shown in Figure 17.  

Note that while the initial motion is slipping, the 

friction force between the spinning roller and the 

domino causes a downward force on the face of the 

domino, resulting in a moment that causes the domino 

to tip “backwards”. (This is a good example of a 

dynamic event that is difficult to describe in words or 

with still images, and can be more easily understood 

with an animation.) 

 

 
Figure 17.  Domino Simulation with Low Contact 

Point, Low Friction Coefficient 

 

By adding a step down to the ramp so that the roller 

contacts higher on the domino (thus increasing ), and 

by increasing the friction coefficient, the desired action 

can be simulated (using the same roller and domino 

geometry), as in Figure 18. 

 

 
Figure 18. Domino Simulation with High Contact 

Point, Moderate Friction Coefficient 

 

As noted earlier, the action of the dominos is more 

difficult to simulate than most other elements in a Rube 

Goldberg machine.  There must be solid body contacts 

specified between each domino and the base, between 

any two dominos expected to make contact, and 

between the body providing the initial contact and the 

first domino.  Changing the friction or impact 

properties of any of these contacts will affect the entire 

simulation, sometimes producing unexpected results.  

The relative weights of the roller and the dominos are 

also important, as is the velocity with which the roller 

strikes the first domino (a light roller traveling at low 

speed can bounce off of the first domino, while a heavy 

roller traveling at high speed can continue moving 

through the entire row of dominos rather than initiating 

the desired chain reaction). While the motion can be 

visually simulated by adding constraints that are not 

representative of the actual action of the dominos (such 

as adding hinge-type joints between the front edge of 

each domino and the base), a much richer learning 

experience is gained by attempting to include realistic 

forces and constraints and investigating the effects of 

changing their parameters. 

As with carnival rides, Rube Goldberg machines 

allow for individual projects to be incorporated into a 

team effort.  Team members can agree on the overall 
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layout, specify the interfaces between elements, design 

and test their individual portions and then assemble and 

simulate the entire machine. 

 

IV. Discussion 

Quantitative assessment of the effectiveness of 

these exercises in helping students understand 

mechanics concepts is not particularly meaningful 

because of the small number of students who have been 

involved to date. Also, in the Summer Ventures 

program, we are fortunate to work with students who 

are both high achievers academically and who have 

expressed interest in math- and science-related fields. 

However, evaluation of the students’ reports and 

presentations leads us to believe that the students 

enjoyed the exercises and learned about engineering 

design and analysis. 

While there is no doubt that visualization of 

problems is a stumbling block for many students in 

statics and especially in dynamics, incorporating 

demonstrations and/or student projects into these 

classes is often difficult to do because of time 

constraints.  Also, many multi-media educational tools 

have been developed over the past couple of decades, 

with mixed success.  Dillon and Gabard (1998) 

presented an evaluation of the use of hypermedia in 

education and concluded that most claims of 

educational benefits could not be supported.  However, 

well-planned and delivered exercises, such as those 

reported by Philpot et al. (2005) have been shown to 

significantly help student understanding of difficult 

concepts in mechanics. 

Crouch et al. (2004) conducted demonstrations in 

introductory physics classes and measured their 

effectiveness with an end-of-semester test.  They found 

that the demonstrations themselves resulted in little 

improvement in student comprehension. However, 

when the demonstration was preceded by the students 

making predictions as to what would happen, 

significant improvements were seen. For in-class 

demonstrations, it seems to be an effective use of class 

time to allow students a few minutes to predict the 

outcome.  The projects completed by the students in the 

summer sessions were consistent with this approach. 

Since they knew the desired result before beginning a 

simulation, they were required to compare the 

simulation result to an expected outcome, and were 

forced to consider the factors that could have led to an 

unexpected result. If these exercises are adapted for in-

class use, then allowing time for students to think about 

the problem, draw a free body diagram, and predict the 

action of the simulation is expected to increase the 

effectiveness of the activity. 

 
 

V. Conclusions 

Carnival rides and Rube Goldberg machines have 

been shown to be solid modeling projects which allow 

high school students to exercise creativity and to learn 

about the physics of mechanics in a fun environment.  

Some components of these exercises are of potential 

use as lab projects or in-class demonstrations in statics 

and dynamics classes. 
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ABSTRACT - This research was conducted in the fall 

of 2008 to explore emergent trends in 

technical/engineering graphics education. This study 

surveyed Engineering Design Graphics Division 

(EDGD) members and was a follow-up to studies that 

were conducted in 1998 and 2004. The areas 

researched in this study were: course offerings, student 

populations, professional development, 

technical/engineering graphics education, and 

research. The study used the same instrument as the 

previous studies, but was expanded to include more 

questions covering distance education and professional 

development. This paper reports an overview of the 

results and compares them to the results of the previous 

studies. 

 

I. Introduction to the Study 

This research focused on professional 

technical/engineering graphics educators, who were 

located in the United States. The primary research 

question was “What are the current trends and future 

issues for technical/engineering graphics education in 

post-secondary education?” Collected were data, 

thoughts, and opinions in relation to emergent themes 

in graphics education. The study was based on two 

previous research studies conducted by Clark and 

Scales from North Carolina State University (NCSU).  

The initial study was conducted in 1998 and the 

second study was conducted in 2004. Both previous 

studies concerned members of EDGD who resided in 

the United States as a part of the population, but the 

1998 study also included members of the National 

Association for Industrial Technology Teacher 

Education (NAITTE) and the Council for Technology 

Teacher Education (CTTE). The population of the study 

was narrowed to Engineering Design Graphics Division 

(EDGD) in 2004 (Clark & Scales, 2006). Only 

individuals who had obtained at least a Bachelors 

degree and currently taught at least one course per year 

at the time of the survey were asked to respond. 

The members of EDGD were believed to be active 

in the graphics profession and the most knowledgeable 

population to consult when compiling data for this 

study. Respondents were believed to either be interested 

in the study or willing to share their opinion. Also, it 

was believed that all respondents answered questions 

honestly since they were under no pressure to complete 

the survey. 

The survey instrument was originally developed  in 

1998, and had questions added for the 2004 study 

(Clark & Scales, 2006). The survey instrument from 

2004 was modified for this study to include additional 

questions about distance education and professional 

development. The instrument included the following 

sections: course offerings, student populations, 
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professional development, technical/engineering 

graphics education, and research. 

The first category covered course offerings and 

topics currently taught at intuitions. The distance 

education section of the 2004 survey instrument was 

expanded to cover instructor preparation, perceptions, 

and institutional implementations.  

The second category researched was student 

populations, with special interest on gender, ethnicity, 

and the major of students who take 

technical/engineering graphics courses. Questions in 

this category remained unmodified from the 2004 

survey instrument.  

The third category looked at the instructors of 

technical/engineering graphics education. The third 

section was expanded from the 2004 survey instrument 

with additional questions focused on professional 

development. 

The fourth category examined the major and minor 

offerings of institutions, along with information on the 

job fields in which recent graduates found work. 

Questions from the fourth category remained 

unmodified from the 2004 survey instrument. 

The final category focused on current research, 

grants, collaborations, and research. Questions from 

this category remained unmodified from the 2004 

survey instrument. 

 

II. Methodology 

The survey instrument used was designed 

originally developed in 1998 by Clark and Scales and 

revised for the 2004 follow-up study (2006). The 

instrument was expanded to collect more information 

related to the topics of distance education and 

professional development. The revised instrument was 

reviewed by technical/engineering graphics educators at 

NCSU and modified in accordance to the provided 

suggestions. The survey instrument was delivered via 

an online survey hosting website.  

Contact was made with EDGD members listed in 

the 2007-2008 American Society for Engineering 

Educators (ASEE) Membership Directory via emails by 

the Chair of the executive committee for EDGD.  

A mass email that contained background 

information on the study was sent out on September 29, 

2008 with a link to the online survey. The link was 

randomly generated, unique to the study, and contained 

a case specific 28-character string, which consisted of 

lower-case letters, upper-case letters, numbers, and 

underscores. This prevented the link from being easily 

identified. The existence of study and survey link was 

not advertised which helped maintain the security of the 

study.  

Two weeks after the initial email was sent, a 

reminder email was sent to the same population. Four 

weeks after the reminder email, and six weeks after the 

initial email, a second reminder email was sent to the 

same population. Two weeks after the second reminder, 

a final reminder was sent. The survey was taken offline 

24 hours after the final reminder. All four emails 

contained standardized information. The survey was 

presented to respondents once the emailed link to the 

website was followed.  

 

III. Survey Results 

The initial and reminder emails were sent out to 

239 members of EDGD, who had provided a valid 

email address, in September 2008. A total of 57 

responses were returned, but one respondent stated that 

her or he was retired and, therefore, did not meet the 

teaching requirement. After this individual’s responses 

were removed from the data set, the final number of 
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responses totaled 56, thereby yielding a total response 

rate 23.4%. All descriptive data reported proportionally 

was rounded to the nearest hundredth, and data reported 

via percentages was rounded to the nearest tenth.  

Course Offerings. The survey asked how many 

different technical/engineering graphics courses their 

educational institution offered at least once every two 

years. The question was answered by 54 respondents or 

96.4% of the total respondents. A total of 7 respondents 

or 13.0% reported one course, 7 respondents or 13.0% 

reported two courses, 8 respondents or 14.8% reported 

three courses, 7 respondents or 13.0% reported four 

courses, and 25 respondents or 46.3% reported five or 

more courses. 

Respondents were asked to list the top three 

CAD/modeling/CAM/animation software packages 

used at their educational institutions. This question was 

answered by 49 respondents or 87.5% of the total 

respondents. AutoCAD was the most mentioned 

software followed by Solidsworks and Pro/E, 

respectively. 

Respondents were asked if their program offered 

instruction in GD&T, and 53 respondents or 94.6% of 

the total respondents answered. A breakdown of the 

responses is provided in Table 1. Respondents who 

answered “Yes” to the previous question were asked if 

GD&T was taught in a separate course or if GD&T was 

integrated into the content of other graphics courses. 

This question was answered by 38 respondents or 

67.9% of the total respondents and details were 

provided in Table 1. The survey asked respondents to 

indicate in how many different courses GD&T was 

presented. The question was answered by 42 

respondents or 75.0% of the total respondents. Analysis 

of the data found that 52.4% reported one course, 

31.0% reported two courses, 9.5% reported three 

courses, and 7.1% reported four courses. 

Respondents were asked if they or their faculty 

peers taught the use of manual instruments in courses. 

The question was answered by 53 respondents or 94.6% 

of the total respondents and response details are 

provided in Table 1.  A follow-up question was directed 

at respondents who answered “Yes” and asked if the 

use of manual instruments was taught in a separate 

course or if the use of manual instruments was 

integrated into the content of other graphics courses. 

The question gathered 25 responses or 44.6% of the 

total respondents and 24.0% reported the courses were 

separate. Respondents were asked in how many 

different courses were manual instruments used. A total 

of 27 respondents or 48.2% of the total respondents 

answered. The data showed that 66.7% reported one 

course, 22.2% reported two courses, 7.4% reported 

three courses, 0.0% reported four courses, and 3.7% 

reported five or more courses. A breakdown of 

responses is provided in Table 1. 

Forty-nine respondents or 87.5% of the total 

respondents responded when asked which operating 

systems their institution used for: 2-D CAD, 3-D 

modeling, CAM, desktop publishing, website 

development, and animation. For each subject Windows 

was the most predominant operating system. 

Respondents were asked if they, or their faculty 

peers, taught 2-D CAD in their courses. A total of 53 

respondents or 94.6% of the total respondents answered 

the question and the results are in Table 1. A follow-up 

question for those respondents who answered “Yes” 

asked if 2-D CAD was taught in a separate course or 

was integrated into the content of other graphics 

courses at their institutions. The question was answered 

by 47 respondents or 83.9% of the total respondents, 
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and the details of the responses are provided in Table 1. 

Respondents were asked in how many different courses 

at their educational institution was 2-D CAD taught. 

The question was answered by 48 respondents or 85.7% 

of the total respondents. Analysis showed that 50.0% 

reported one course, 20.8% reported two courses, 

10.4% reported three courses, 8.3% reported four 

courses, and 10.4% reported five or more courses. 

Respondents were asked what software packages were 

used in the instruction of 2-D CAD courses. A total of 

46 respondents or 82.1% of the total respondents 

answered the question, and the top two responses were 

AutoCAD and Solidworks respectively. 

Respondents were asked if they, or their faculty 

peers, taught courses or parts of courses devoted to 

hand sketching in their program’s curriculum. A total of 

52 respondents or 92.9% of the total number of 

respondents answered this question, 22 respondents or 

42.3% of the 52 responses answered “Yes.” The next 

question collected data regarding the overall percentage 

of respondents, or their faculty peers, who taught 

technical/engineering graphics courses that only used 

sketching and computer graphics or just computer 

graphics in their courses. A total of 50 respondents or 

89.3% of the total respondents answered, who indicted 

that, on average, 52.3% of their courses only utilized 

sketching and computer graphics or simply computer 

graphics. 

Course Offerings – 3-D. Respondents were asked 

if they, or their faculty peers, taught any non-constraint 

based 3-D modeling in their courses. The question was 

answered by 50 respondents or 89.3% of the total 

respondents. For details, see Table 1. A follow-up 

question targeted respondents who answered “Yes” to 

the previous question and asked if non-constraint based 

3-D modeling was taught in a separate course at their 

institutions, or if 3-D modeling was integrated into the 

content of other graphics courses. A total of 25 

respondents or 44.6% of the total respondents answered 

this question, and details of the responses were shown 

in Table 1. Respondents were asked in how many 

different courses was non-constraint based 3-D 

modeling offered at their educational institution. A total 

of 41 respondents, or 73.2% of the total respondents, 

answered the question. A total of 14 respondents 

reported one course, 6 respondents reported two 

courses, 15 respondents reported three courses, 5 

respondents reported four courses, and 1 respondent 

reported five or more courses. Respondents were asked 

what software packages were used for 3-D modeling in 

the technical/engineering graphics courses at their 

institution. A total of 37 respondents, or 66.1% of the 

total respondents, answered the question and the top 

two responses were Solidworks and AutoCAD 

respectively. 

Respondents were asked if they, or their faculty 

peers, taught 3-D constraint-based modeling (i.e. 

parametric, variational) in the course offerings of their 

institutions. The question was answered by 51 

respondents or 91.1% of the total respondents, and 

details of the responses were provided in Table 1. A 

follow-up question for respondents who answered 

“Yes” to the previous question asked if 3-D constraint-

based modeling was taught in a separate course at the 

respondents’ institutions, or if 3-D constraint-based 

modeling was integrated into the content of other 

graphics courses. A total of 38 out of 56 respondents 

answered, or 67.9%, and the breakdown of responses 

were detailed in Table 1. Respondents were asked in 

how many different courses was 3-D constraint-based 

modeling instruction offered at their educational 

institution. The question was answered by 38 
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respondents or 67.9% of the total respondents. A total 

of 1 respondent reported that one course was offered, 

18 respondents reported two courses, 15 respondents 

reported three courses, 2 respondents reported four 

courses, and 2 respondents reported five or more 

courses. The next question asked respondents what 

software packages were used for parametric modeling 

in technical/engineering graphics courses offered at 

their educational institutions. A total of 37 respondents, 

or 66.1% of the total respondents, answered, and the top 

two responses were Solidworks and Inventor 

respectively. 

Course Offerings – Ethics & Descriptive 

Geometry.  Respondents were asked if they, or their 

faculty peers, taught ethics in relation to graphics (i.e. 

copyright, patents, etc.) in the courses offered at their 

educational institutions. The question was answered by 

49 out of the 56 respondents, or 87.5%, and the details 

of the responses are displayed in Table 1. A follow-up 

question for respondents who answered “Yes” asked if 

ethics in relation to graphics were taught in a separate 

course or was integrated into the content of other 

graphics courses. A total of 23 respondents, or 41.1% of 

the total respondents, answered this question, and 

details are provided in Table 1. Respondents were 

asked in how many different courses was ethics related 

to graphics taught at their educational institution. The 

question was answered by 24 respondents or 42.9% of 

the total respondents. A total of 13 respondents reported 

it was taught in one course, 8 respondents reported two 

courses, and 3 respondents reported five or more 

courses.  

Respondents were asked if they, or their faculty 

peers, taught CAM as a part of the course offerings of 

their educational institution. A total of 49 respondents, 

or 87.5% of the total respondents answered, and the 

responses are recorded in Table 1. A follow-up question 

for respondents who answered “Yes” asked respondents 

if CAM was taught in a separate course or if CAM was 

integrated into the content of other graphics courses. 

The question was answered by 21 out of the 56 

respondents, or 37.5%, and Table 1 summarized the 

results. Respondents were asked in how many different 

courses was CAM taught at their educational 

institution. A total of 24 respondents, or 42.9% of the 

total respondents answered. A total of 15 respondents 

reported one course, 7 respondents reported two 

courses, 1 respondent reported three courses, 0 

respondents reported four courses, and 1 respondent 

reported five or more courses. Respondents were asked 

what software packages were used for CAM instruction 

at their educational institution. The question was 

answered by 17 respondents, or 30.4% of the total 

respondents, and the top two responses were 

MasterCAM and Solidworks respectively. 

Questions about descriptive geometry in the course 

offerings were asked to respondents. A total of 48 

respondents, or 85.7% of the total respondents 

answered, and results are shown in Table 1. A follow-

up question asked respondents who answered “Yes” if 

descriptive geometry was taught in a separate course or 

if descriptive geometry was integrated into the content 

of other graphics courses. The question was answered 

by 26 out of the 56 respondents, or 46.4%, and response 

details are shown in Table 1. Respondents were asked 

in how many different courses was descriptive 

geometry taught at their educational institution. A total 

of 26 out of 56 respondents, or 46.4%, answered. A 

total of 19 respondents reported one course, 5 reported 

two courses, 2 respondents reported three courses, 0 

respondents reported four courses, and 0 reported five 

or more courses. A question asked respondents if 
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software packages were used to teach descriptive 

geometry in technical/engineering graphics courses at 

their educational institution. The question was 

answered by 27 respondents, or 48.2% of the total 

respondents. Overall, 12 respondents or 44.4% 

answered “Yes.” A follow-up question for respondents 

who answered “Yes” asked respondents what software 

packages were used in the instruction of descriptive 

geometry. A total of 13 out of the 56 respondents, or 

23.2%, answered this question, and the top two 

responses were AutoCAD and CATIA respectively. 

Course Offerings – Desktop Publishing & Web 

Site Development.  Respondents were asked if they, or 

their faculty peers, taught desktop publishing as part of 

the course offerings of their educational institution. The 

question was answered by 49 respondents, or 87.5% of 

the total respondents (see Table 1). A follow-up 

question targeted respondents who answered “Yes and 

asked if desktop publishing was taught in a separate 

course, or if desktop publishing was integrated into the 

content of other graphics courses. A total of 14 

respondents, or 25.0% of the total respondents 

answered, and details are summarized in Table 1. 

Respondents were asked in how many different courses 

was desktop publishing taught at their educational 

institution. The question was answered by 12 

respondents, or 21.4% of the total respondents. Overall, 

8 respondents reported one course, 1 respondent 

reported two courses, 2 respondents reported three 

courses, 1 respondent reported four courses, and 0 

respondents reported five or more courses. A question 

asked respondents what software packages were used 

for instruction in desktop publishing at their educational 

instruction. A total of 11 respondents, or 19.6% of the 

total respondents, answered and the top response was 

Adobe InDesign.  

Questions about website development within the 

course offerings were asked to respondents. The  first 

question was answered by 47 respondents, or 83.9% of 

the total respondents. The results are displayed in Table 

1. A follow-up question targeted respondents who 

answered “Yes,” and asked them if website 

development was taught in a separate course, or if 

website development was integrated into the content of 

other graphics courses. A total of 16 out of the 56 

respondents, or 28.6%, answered this question (see 

Table 1). Respondents were asked in how many 

different courses was website development taught at 

their educational institution. The question was 

answered by 16 respondents, or 28.6% of the total 

respondents. Overall, 9 respondents reported one 

course, 3 respondents reported two courses, 3 

respondents reported three courses, 1 respondent 

reported four courses, and 0 respondents reported five 

or more courses. Respondents were asked what 

software packages were used for website development 

instruction in the technical/engineering graphics 

courses at their institution. A total of 11 respondents, or 

19.6% of the total respondents, answered this question 

and the top two responses were Dreamweaver and 

HTML editors respectively. 

Questions about animation within the course 

offerings were asked to respondents. The first question 

was answered by 48 respondents, or 85.7% of the total 

respondents (see Table 1). A follow-up question 

targeted respondents who answered “Yes,” and asked 

the respondents if animation was taught in a separate 

course or if animation was integrated into the content of 

other graphics courses. A total of 28 out of the 56 

respondents, or 50.0%, answered this question, and the 

results are presented in Table 1. Furthermore, 

respondents were asked in how many different courses 
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was animation taught at their educational institution. A 

total of 27 respondents, or 48.2%, of the total 

respondents answered. A total of 15 respondents 

reported one course, 7 respondents reported two 

courses, 3 respondents reported three courses, 1 

respondent reported four courses, and 1 respondent 

reported five or more courses. Respondents were asked 

what software packages were used for animation 

instruction at their educational institution. The question 

was answered by 26 out of the 56 respondents, or 

46.4%, and the top two software packages were 3D 

Studio Max and Solidworks respectively. The 

respondents were asked what the main focus of 

animation instruction was at their educational 

institution. Respondents were asked to select all options 

that applied. A total of 30 out of the 56 respondents, or 

53.6%, answered (see Table 2). When respondents were 

asked if they planned to teach an animation course in 

the future, 18 respondents, or 32.1% of the total 

respondents, answered. A total 5 respondents or 27.8% 

answered “Yes.” 

Course Offerings – Distance Education. 

Questions about distance education courses were asked 

to respondents. The first question was answered by 46 

respondents, or 82.1% of the total respondents. Overall, 

15 respondents or 32.6% answered “Yes.” A follow-up 

question targeted respondents who answered “Yes” and 

asked if courses were taught online. A total of 13 out of 

the 56 respondents, or 23.2%, answered with an 

average of 4.4 courses per institution that utilized 

online distance education. Another questions addressed 

respondents who answered “Yes” to the first question  

in this section, and asked if courses were taught through 

other distance education formats. A total of 9 

respondents, or 16.1% of the total respondents, 

answered, and an average of 1.3 courses per institution 

utilized other distance education formats was 

calculated. 

Respondents were asked if their program offered 

any online/distance education degree programs or 

online/distance education certifications related to 

graphics. The question was answered by 38 out of 56 

respondents, or 67.9%. Overall, 35 respondents or 

92.1% answered “No.”  

A question asked respondents were asked if the 

faculty within their program had received any training 

focused on distance education in the last 5 years. The 

question was answered by 45 respondents, or 80.4% of 

the overall respondents, and 46.7%, answered “Yes,” 

and 53.3%, answered “No.” A follow-up question asked 

respondents if they were scheduled to have any training 

in the next year focused on distance education. A total 

of 44 respondents, or 78.6% of the total respondents, 

answered and 13 respondents answered “Yes,” and 31 

respondents answered “No.” 

Respondents were asked if they had taught a course 

that utilized online/distance education. Overall, 46 

respondents, or 82.1% of the total respondents, 

answered. Analysis showed that 39.1% of respondents 

answered “Yes.” A follow-up question focused on 

respondents who answered “Yes,” and asked if the 

respondents had used distance education to instruct a 

technical/engineering graphics courses. The question 

was answered by 26 respondents, or 46.4% of the total 

respondents, and 9 respondents answered “Yes.” 

A question asked if the respondents’ program 

offered any online/distance education degree programs 

or online/distance education certifications related to 

graphics. A total of 44 respondents, or 78.8% of the 

total respondents, answered and 19 respondents 

answered “Yes.” 
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Questions about if respondents considered 

themselves prepared to teach a technical/engineering 

graphics education course through online/distance 

education were asked. The first question was answered 

by 45 respondents, or 80.4% of the total respondents 

and 20 respondents answered “Yes.” A follow-up 

question asked respondents if they considered 

themselves prepared to single-handedly retool a 

traditional course to be an online/distance education 

course. A total of 43 out of the 56 respondents, or 

76.8%, addressed this question and 19 respondents 

answered “Yes.” 

Respondents were asked if their program valued 

the instruction of an online/distance education course 

any differently than the instruction of a traditional 

course during tenure considerations. A total of 33 

respondents, or 58.9% of the total respondents, 

answered. Furthermore, 4 respondents answered “Yes,” 

while 29 respondents answered “No.”  

A question asked respondents whether their 

programs compensated instructors of online/distance 

education courses any differently than instructors of 

traditional courses. A total of 32 respondents, or 57.1% 

of the total responses, answered and 4 respondents 

answered “Yes.”  Another question asked respondents 

if they would go out of their way to teach a course they 

were interested in, even if it required the course to be 

taught through online/distance education. The question 

was answered by 38 respondents, or 67.8% of the total 

respondents and 24 respondents answered “Yes.” The 

next question asked respondents if they believed an 

instructor who used online/distance education should be 

required to be available 24/7 to students. Overall, 42 

respondents, or 75.0% of the total respondents, 

answered the question and 39 respondents answered 

“No.” 

Respondents were asked if they felt the instructor 

role, within the classroom of a major university, could 

be outsourced within the next five years. The question 

was answered by 44 respondents, or 78.6% of the total 

population and 31 respondents answered “No.” The 

next question asked respondents if they would consider 

the outsourcing of an instructor radically different from 

a teaching assistant being the lead of a course, given a 

sufficient level of communication. A total of 40 

respondents, or 71.4% of the total respondents, 

answered the question and 25 respondents answered 

“No.”  

Questions about hybrid courses were asked to 

survey respondents. The first question asked 

respondents if their educational institution offered 

hybrid courses and was answered by 44, or 78.6%, of 

the total respondents and 27 respondents answered 

“No.” A follow-up question targeted respondents who 

answered “Yes,” and asked them to provide percentages 

of courses offered in traditional/hybrid/online format, in 

a manner such that the total percentage came out to 

100%. A total of 17 respondents, or 30.4% of the total 

respondents answered. Overall, an average of 64.5% of 

courses utilized a traditional format, an average of 

35.6% of courses utilized a hybrid format, and an 

average of 7.4% of courses utilized a totally online 

format. The final question in this category asked 

respondents if they believed the amount of hybrid 

courses offered at their educational institutions would 

increase over the next five years. A total of 41 

respondents, or 73.2% of the total respondents, 

answered the question and 36 respondents answered 

“Yes.” 

Student Population. The first question in the 

Student Population category asked respondents what 

percentage (0-100%) of their student population 
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enrolled in graphics courses were women. A total of 45 

respondents, or 80.4% of the total respondents, 

answered the question. The responses had an average of 

16.3% of the students enrolled in technical/engineering 

graphics courses were women. The next question asked 

respondents how this percentage had qualitatively 

changed over the last 5 years. A total of 46 respondents, 

or 82.1% of the total respondents, provided an answer 

and the results are documented in Table 3. 

When respondents were asked what percentage (0-

100%) of their student population enrolled in graphics 

courses were of a minority (excluding gender), a total 

of 41 respondents, or 73.2% of the total population, 

replied. The responses had an average minority 

population of 21.1% of the entire student population 

enrolled in technical/engineering graphics courses. The 

next question asked respondents how this percentage 

had changed over the last 5 years. The question was 

answered by 43 respondents, or 76.8% of the total 

respondents. See Table 4 for frequency and percentage 

data. 

The final question in the Student Population 

category had several parts and asked respondents to 

provide the percentage of their student population (0-

100%) that were enrolled in technical/engineering 

graphics communications courses but were enrolled in a 

major other than their program. The question was 

answered by 41 respondents, or 73.2% of the total 

respondents and the top two reported majors were 

Engineering and Technical/Technology. 

Professional.  The first question in this category 

asked respondents how many full-time faculty members 

at their educational institutions taught 

technical/engineering graphics as their primary 

responsibility. A total of 40 respondents, or 71.4% of 

the total respondents, answered the question and an 

institutional average of 3.2 faculty members was 

calculated. The next question asked respondents what 

percentage of the faculty at their educational institution 

had an engineering/technical degree. The question was 

answered by 33 respondents, or 58.9% of the total 

respondents. The overall responses had an average of 

34.7% of faculty members had attained an 

engineering/technical graphics degree. Another 

question asked respondents how many full-time faculty 

members at their educational institution taught 

technical/engineering graphics, but not as their major 

course load. A total of 38 respondents, or 67.9% of the 

total respondents, answered this question and the 

responses had an average of 2.1 faculty members per 

institution.  

Respondents were then asked how many part-time 

instructors taught technical/engineering graphics 

courses at their educational institutions. A total of 39, 

or 69.6%, of the total respondents, answered the 

question and the response data had an average of 1.8 

faculty members per institution. The next question 

asked respondents how many faculty members from 

various fields taught technical/engineering graphics at 

their institution. The question was answered by 34, or 

60.7%, of the total respondents (see Table 5). 

Respondents were asked about the basis for merit 

pay in regards to increases/tenure/promotions at their 

institutions. The question asked respondents to provide 

a percentage (0-100%) breakdown for how much 

teaching, research, and service was taken into account 

for merit pay. The question was answered by 28, or 

50.0%, of the total respondents. For Teaching, 28 

respondents, or 100.0% of those who answered, stated 

that 54.9% of their teaching on average was the basis of 

their merit pay. For Research, 23, or 82.1%, of those 

who answered stated that their merit pay was based on 
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research an average of 26.8%. For Service, 26 

respondents, 92.9% of those who answered, stated that 

service on average was 24.8% of the basis for their 

merit pay. 

Respondents were asked if they had witnessed an 

increase or decline in tenured positions at their 

educational institutions. A total of 39, or 69.6%, of the 

total respondents answered. Twelve of the 39 

respondents stated that they had seen an increase in the 

number of tenured positions at their educational 

institutions, while 12 respondents stated that they had 

seen a decrease in the number of tenured positions at 

their educational institutions, and 15 respondents stated 

they did not know. The next question asked respondents 

how many faculty members in their 

program/department were classified in various ranks 

and to indicate the range of salaries for each position in 

their program/department. The question was answered 

in some part by 24, or 42.9%, of the total respondents. 

For the average number of employees that hold specific 

ranks and salary ranges see Table 6. 

Respondents were asked what their current major 

concerns were related to teaching technical/engineering 

graphics communications at the post-secondary level. 

The question was answered by 24, or 42.9% of the total 

respondents, and the top three reported concerns were: 

the phasing out of graphics instruction from the 

undergraduate engineering curriculum, the 

preparedness and abilities of incoming students, and the 

need of instructors to have more industrial experience. 

The next question asked respondents what future 

trends they thought would occur within the next five 

years in relation to the instruction of 

technical/engineering graphic communications. The 

question was answered by 23, or 41.1%, of the total 

respondents and the top three reported concerns were: 

increased software related instruction, less instruction 

using manual instruments, and a migration to online 

and distance education.  

When respondents were asked what type of 

professional activities respondents, or their faculty 

peers, have participated in on a regular basis that relate 

to graphics communications, the question was answered 

by 28 respondents, or 50.0% of the total respondents. In 

their responses, 27 of the 28 respondent stated that their 

professional activities included attending conferences, 

17 participated in workshops, and 18 of the 28 

respondents stated that they participated in 

training/seminars. 

Respondents were asked if they had undergone 

retraining associated with professional development in 

the last five years. Overall, 34 respondents, or 60.7% of 

the total respondents, answered this question and 17 

respondents replied “Yes.” A follow-up to question 

asked respondents if they were currently scheduled to 

attend any professional development related 

courses/seminars/workshops in the next year. The 

question was answered by 36 respondents, or 64.3% of 

the total respondents. Similarly, a total of 18 

respondents replied “Yes.” The next question asked 

respondents if they believed they should attend a 

professional development course in the next five years 

to keep up with the changes within the field of 

technical/engineering graphics education. A total of 36 

respondents, or 64.3% of the total respondents, 

answered this question and 31 of the 36 respondents 

replied “Yes.” 

The respondents were asked if they had presented 

at any technical/engineering graphics education 

conference(s) in the last five years. The question was 

answered by 33 respondents, or 58.9% of the total 

respondents and 18 of the 33 respondents stated “Yes.” 
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The following question asked respondents how many 

items related to graphics they had published in the last 

five years. A total of 21, or 37.5%, of the total 

respondents to the question (see Table 7). 

Respondents were asked if they believed 

professional development training should be required 

for instructors in order to teach a technical/engineering 

graphics course through distance education. A total of 

35, or 62.5%, of the total respondents, answered this 

question and 23 of the 35 stated “Yes.” The next 

question asked respondents if they felt the need to 

establish a professional development certification for 

instructors. The question was answered by 33, or 

58.9%, of the total respondents and 22 respondents 

answered “No.” 

Respondents were asked what percentages (0-

100%) of their time were devoted to teaching, service 

and research as a part of their duties as instructors. The 

percentages for these were supposed to total 100%. At 

least some part of the question was answered by 33, or 

58.9% of the total respondents (see Table 8). 

The final question in this category followed-up the 

previous question asked respondents if they believed 

their implemented strategies had improved student 

achievement. A total of 26 respondents, or 46.4% of the 

total respondents, answered this question and 20 of the 

26 replied “Yes.”  

Technical/Engineering Graphics Education. The 

first question in this category asked respondents if their 

educational institution offered a major in 

technical/engineering graphics communication. A total 

of 39 respondents, or 69.6% of the total respondents, 

answered this question and but 28 respondents 

answered “No.” The next question asked respondents if 

their institution offered a minor in technical/engineering 

graphics communications. A total of 38 respondents, or 

67.9% of the total respondents, answered this question 

and 27 respondents answered “No.”  

When respondents were asked if their educational 

institution offered a graduate degree in 

technical/engineering graphics communications the 

question was answered by 39, or 69.6%, of the total 

respondents and 34 respondents answered “No.” The 

next question asked respondents if their educational 

institution offered any visual or graphic communication 

degrees for students who wanted to teach 

technical/engineering graphics communications. A total 

of 38, or 67.9% of those who took the survey, 

addressed the question and 33 respondents replied 

“No.” A question asked those respondents, who worked 

for an institution that offered a graphics degree, in 

which fields former students usually found work. A 

total of 13, or 23.2% of the total respondents, answered 

the question and the top two responses were industry 

and manufacturing. 

The final question in this category asked 

respondents if they thought a national honor society 

organization should be established. Overall, 32 

respondents, or 57.1% of the total respondents, 

answered this question. Analysis showed that 25 

respondents, or 78.1%, stated “No.” 

Research. The first question in this category asked 

respondents to name the major sources of funding for 

the research in their program/department (i.e. NSF, 

NIH, DOD, etc). The question was answered by 16 

respondents, or 28.6% of those who completed the 

survey. The top two responses were NSF and private 

industry. The next question asked respondents if they 

collaborated with instructors outside of their program 

but within their institution. A total of 31, or 55.4% of 

the total respondents, answered this question and 22 

respondents replied “Yes.” Another question asked 
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respondents if they collaborated with instructors outside 

of their institution. The question was answered by 32, 

or 57.1% of the total respondents and 18 of the 32 

respondents answered “Yes.” 

 

IV. Comparisons 

The 2008 data set was compared to that of the two 

previous studies and any resulting anomalies were 

documented. Overall, the data for questions which 

appeared on all three surveys were compared.  

Questions asked respondents if their program 

offered instruction in: GD&T instruction, manual 

instruments, 2-D CAD, non-constraint based 3-D 

modeling, constraint-based 3-D modeling, CAM, and 

animation. The reported percentage of respondents who 

stated their educational institution offered GD&T was 

71.2% in 1998, 68.6% in 2004, and 66.0% in 2008 (see 

Table 9). The reported percentage of manual instrument 

instruction peaked at 71.2% in 1998, then dropped to 

54.9% in 2004, and dropped again to 49.1% in 2008 

(see Table 9). The percentage of 2-D CAD offerings 

was reported to be 93.6%, 88.2% in 2004, and 86.8% 

was reported in 2008 (see Table 9). The reported 

percentage of non-constraint based 3-D modeling  

instruction was highest in 1998 of 65.3%, but dropped 

to 52.9% in 2004, and then dropped again to 50.0% in 

2008 (see Table 9). The reported percentage of 

respondents who stated their educational institution 

offered constraint-based 3-D modeling was lowest at 

49.5% in 1998, then rose to 74.5% in 2004 and stayed 

the same, at 74.5%, in 2008. The percentage of CAM 

offerings peaked at 59.0% in 1998, then dropped to 

47.1% in 2004, and dropped again to 46.9% in 2008 

(see Table 9). The reported percentage of animation 

was 35.8% in 1998, then increased to 51.0% in 2004, 

and increased again to 58.3% in 2008 (see Table 9). 

Animation was the only course topic that increased in 

percentage over all three surveys. 

A question asked respondents what percentage (0-

100%) of their student population, within graphics 

courses, were women. The reported percentage was 

16.4% in 1998, then rose to 17.0% in 2004, and 

declined in 2008 to 16.1% (see Table 10). Another 

question asked respondents what percentage (0-100%) 

of their student population enrolled within graphics 

courses, were of a minority (excluding gender). The 

reported percentage was 14.2% in 1998, dropped to 

13.0% in 2004, and increased to 21.1% in 2008 (see 

Table 10).  

A question asked respondents how many full-time 

faculty members taught technical/engineering graphics 

as their primary responsibility at the respondents’ 

educational institutions. The reported average was 2.19 

faculty members in 1998, 2.15 faculty members in 

2004, and 3.15 faculty members in 2008. Another 

question asked respondents how many full-time faculty 

members taught technical/engineering graphics courses 

at their educational institution but not as their major 

instructional load. The average was 1.97 faculty 

members in 1998, 2.94 faculty members in 2004, and 

2.05 faculty members in 2008. 

Respondents were asked what their current major 

concerns were related to teaching technical/engineering 

graphics communications at the post-secondary level. 

The top three reported concerns in 1998 were: high or 

increasing costs of adequate funding, software 

emphasized over basics/problem-solving skills, and 

difficulty keeping hardware/software up-to-date. In 

2004, the top three common concerns of respondents 

were: preparedness of students entering the program, 

keeping up with changes in technology, and issues 

regarding graphics as an area of study. In the 2008 
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study, the top three reported concerns were: the phasing 

out of graphics instruction from the undergraduate 

engineering curriculum, the preparedness and abilities 

of incoming students, and the need of instructors to 

have more industrial experience. 

A question asked respondents what future trends 

they thought would occur within the next five years in 

relation to the instruction of technical/engineering 

graphic communications. The top three future trends 

reported in 1998 were: an increase in 3-D parametric 

modeling, more sophisticated/integrated software 

programs, and a decreased reliance on technical 

drawing. In the 2004 study, the top three concerns of 

respondents were: online and distance education 

instruction, more emphasis on 3-D CAD, and more 3-D 

prototyping. In the 2008 study, the top three reported 

concerns were: increased software related instruction, 

less instruction using manual instruments, and a 

migration to online and distance education.  

 

V. Conclusions 

The data reported are descriptive at best and was, 

therefore, completely dependent on the respondents that 

participated in this study. Conclusions were drawn only 

from the questions that were covered in all three 

studies, and the data from this study were compared to 

the data sets from the two previous studies. The 

conclusions drawn from the studies were solely a 

product of the answers provided by respondents; 

therefore no trends can be proven based on this research 

and data analysis. 

Some common answers were garnered from the 

1998, 2004, and 2008 surveys when respondents were 

asked to provide their major concerns. The first 

common concern of respondents appeared in the top 

three responses in the 2004 and 2008 data sets. 

Respondents were concerned about having difficulty 

keeping up-to-date with the changes in the field and 

linked their difficulties to hardware and software 

updates. The second main concern of respondents 

supported research into the current standing of the field 

and possible future directions of the field. The third 

major concern reported by respondents was the skills 

level and preparedness of incoming students. This 

concern was the fifth major concern in 1998, the first 

major concern in 2004, and the second major concern in 

2008. This concern for students questioned the existing 

quality of instruction that prepares graphics students for 

post-secondary education.  

Two possible future trends in the curriculum of the 

field came from responses to a question which asked 

respondents what future trends they thought would 

occur within the next five years in relation to the 

instruction of technical/engineering graphic 

communications.  

The first of the possible future trends, an increased 

emphasis on 3-D CAD, was based on responses to the 

1998 and 2004 studies and has been supported by the 

greatest reported increase, percentage wise, of any 

subject across all three studies (see Table 10). The 

second possible future trend, a migration to online and 

distance education, was based on reported trends from 

the 2004 and 2008 studies. Also, the listing of this 

possible trend as the top concern of respondents in the 

2004 study, led to an increased number of questions 

covering online and distance education in the 2008 

study.  

A third possible trend was identified from the 

responses to a question in all three studies which asked 

if respondents, or their faculty peers, taught animation. 

The reported amount of animation instruction in the 

technical/engineering graphics curriculum had 
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increased across the three studies. Reported animation 

instruction rates started at 35.8% in the 1998 study, 

then rose 15.2% in the 2004 study, and then rose 

another 7.3% in the 2008 study to a final total of 58.3%. 

This is important because the increased instruction of 

animation shows the incorporation of a new topic into 

the field. 
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Table 1. Topics Offered in Technical/Engineering Graphics Courses that were taught Separate or 
Integrated 

 
Subject Offered* Not Offered Separate Integrated 
 % (n) % (n) % (n) % (n)   
GD&T 66.0 (35) 34.0 (18) 21.1 (8) 78.9 (30)  
Manual Instruments 49.1 (26) 50.9 (27) 24.0 (6) 76.0 (19)  
2-D CAD 86.8 (46) 13.2 (7) 40.4 (19) 59.6 (28)  
3-D Modeling 50.0 (25) 50.0 (25) 16.0 (4) 84.0 (21) 
3-D Constraint 74.5 (38) 25.5 (13) 31.6 (12) 68.4 (26) 
Ethics 49.0 (24) 51.0 (25) 12.5 (3) 87.5 (21) 
CAM 46.9 (23) 53.1 (26) 42.9 (9) 57.1 (12) 
Descrip. Geo. 54.2 (26) 45.8 (22) 30.8 (8) 69.2 (18) 
Desktop Pub. 28.6 (14) 71.4 (35) 71.4 (10) 28.6 (4)  
Website Dev. 31.9 (15) 68.1 (32) 68.8 (11) 31.3 (5)  
Animation 58.3 (28) 41.7 (20) 28.6 (8) 71.4 (20)   
Note: Maximum percentage for each subject was 100%. 
Note: % is percentage of responses, (n) is the total of responses for each category and question. 
Note: * indicates a category. 

 
Table 2. The Main Focus of Animation Instruction in Technical/Engineering Graphics Courses 

 
Focus Frequency (n = 30) Mean %*    
Technical 26 86.7 
Simulation 24 80.0 
Scientific 10 33.3 
Artistic 7 26.5 
Gaming 7 23.3 
Web 6 20.0     
* Note: Percentage for each row (Focus) has a maximum of 100%. 
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Table 3. Changes in the Percentage of Women Enrolled in Technical/Engineering Graphics Courses over 
the Last Five Years 

 
Change Frequency (n = 46) Mean %*    
Increased 18 39.1 
Decreased 2 4.3 
Stayed steady 26 56.5     
* Note: Percentage for each row (Change) has a maximum of 100%. 
 

Table 4. Changes in the Percentage of Minorities Enrolled in Technical/Engineering Graphics Courses 
over the Last Five Years 

 
Change Frequency (n = 43) Mean %*    
Increased 14 32.6 
Decreased 1 2.3 
Stayed steady 28 65.1     
* Note: Percentage for each row (Change) has a maximum of 100%. 
 

Table 5. Background Fields of Faculty Members who Teach Technical/Engineering Graphics 
 
Major Response Rate  Average # of 
 % (n = 34) Faculty Members    
Engineering 73.5 (25) 3.0 
Education 41.2 (14) 1.6 
Design 29.4 (10) 0.6 
Other 23.5 (8) 8.8 
Technology 5.9 (2) 4.4     
Note: Maximum percentage for each subject was 100%. 
Note: % is percentage of responses, (n) is the total of responses for each category and question. 
 

Table 6. Faculty Positions and Salary Ranges 
 
Position Average # of  Standard Salary Range Median 
 employees that Deviation  Salary 
 hold this rank for avg. #      
Full Professor 3.4 6.2 45K – 150K 85K 
Associate Prof. 4.0 3.9 40K – 95K 70K 
Assistant Prof. 4.0 3.1 35K – 90K 60K 
Instructor 2.2 2.6 32K – 68K 45K 
Lecturer 1.7 2.4 45K – 68K 55K 
Adjunct 3.0 1.6 3K – 35K 3K   

 
Table 7. Publications by Faculty over the last Five Years 

 
Publication Mean (n) SD Response Range Median   
# of Articles 5.6 (17) 5.1 0 – 17 7  
# of Books 1.5 (15) 1.4 0 – 5 1 
# of Chapters 0.9 (14) 1.2 0 – 3 0 
# of White Papers 1.4 (12) 1.9 0 – 6 0.5 
# of Misc. Materials 4.8 (12) 3.4 0 – 10 5    
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Table 8. Average Distribution of Faculty Duties 
 
Area Average %* (n)  SD Response Range   
Teaching 66.3% (33) 20.4 20% – 100% 
Service 20.2% (30) 12.2 3% – 50% 
Research 19.7% (26) 17.2 0% – 60%   
* Note: Percentage for each row (Area) has a maximum of 100%. 
 

Table 9. Technical/Engineering Graphics Subjects Offered at Educational Institutions 
 
Subject 1998 Change 2004 Change 2008 
 %  % % % %     
GD&T 71.2 -2.6 68.6 -2.6 66.0 
Manual Instruments 71.2 -16.3 54.9 -5.8 49.1 
2-D CAD 93.6 -5.4 88.2 -1.4 86.8 
3-D Modeling 65.3 -12.4 52.9 -2.9 50.0 
3-D Constraint 49.5 +25.0 74.5  0.0 74.5 
CAM 59.0 -11.9 47.1 -0.2 46.9 
Animation 35.8 +15.2 51.0 +7.3 58.3     
Note: Maximum percentage for each subject was 100% per year. 
Note: % is percentage of responses that offer the subject. 
 

Table 10. Minority Students Enrolled in Graphics Courses 
 
Type 1998 Change 2004 Change 2008 
 %  % % % %     
Gender minority 16.4 +0.6 17.0 -0.9 16.1 
Ethnic minority 14.2 -1.2 13.0 +8.1 21.1     
Note: Maximum percentage for each type is 100% per year. 
Note: % is percentage of responses. 
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ABSTRACT- A major question in psychology and 

education asks why men outnumber women in science, 

technology, engineering, and math (STEM) related 

fields. In the current paper, we discuss the pervasive 

problems of explicit and implicit cultural stereotypes 

and how they might decrease performance in an 

engineering graphics classroom. Stereotype threat is 

the anxiety of knowing that one is a potential target of 

prejudice and stereotypes (Steele & Aronson, 1995). 

Implicit stereotypes are prevalent in our culture, 

reinforcing the idea that women and other groups such 

as African Americans have less ability in areas such as 

math and spatial reasoning. We will review research 

from our lab and others that show that stereotype threat 

is a situational phenomenon, and that educators can 

reduce the impact and occurrence of stereotype threat 

by following some basic quidelines.  

 

I. What are Stereotypes? 

Each time we walk into a new class, we carry our 

preexisting stereotypes with us and research has shown 

that these stereotypes influence both our behavior and 

our students’ performance. A stereotype is a mental 

representation of a social group. Stereotypes contain 

information about a group of people: “men,” “women,” 

“blacks,”  “whites,” or “engineer” based on our 

cumulative experience, whether that be actual 

experience, or experience from the media, newspapers, 

movies, music, or our grandfather’s stories. Stereotypes 

can contain positive as well as negative information. 

For example, “mother” might be associated both with 

“nurturing” and “nagging,” but it is the negative 

characteristics of a stereotype that can be most harmful. 

When teachers, students, and employees hold 

stereotypes about women or other minorities that are 

inconsistent with their perception of a competent 

engineer, this becomes a self-fulfilling prophecy; fewer 

students will choose to pursue that career and those 

who go into training may show performance 

decrements which then reinforce the initial negative 

stereotype. Stereotypes are difficult to escape because 

they are largely outside of our conscious awareness, 

although some experimental procedures can make them 

more apparent (Greenwald, McGhee, & Schwartz, 

1998). For example, the Implicit Association Task 

(IAT) that we use in some of our research simply asks 

people to group words into categories. On average, 

people are faster to group together women’s names and 

family words and men’s names and career words, 

compared to when those categories go against the 

stereotype (e.g. Mary, Engineer). This measure of 

implicit stereotypes has been shown to be a better 

predictor of actual behavior than most explicit survey 

measures (Nosek, Greenwald, & Banaji, 2007). If you 

think you don’t have these stereotypes, you can test 

yourself at: https://implicit.harvard.edu/implicit/demo/.  

Unfortunately, the vast majority of us do. 
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We tend to use stereotypes most when we are in 

new or ambiguous situations, so they play the largest 

role early in a class. Unfortunately, it has been long 

known that first impressions, whether a teacher’s 

impressions of his or her student, or a student’s of his or 

her teacher, carry much more weight than later ones 

(Asch, 1946). Stereotypes can be very resistant to 

change because they build up over years, and because 

we pay selective attention to evidence that fits our 

views over that which refutes them. As a result, we 

might view the white women in our class who is quick 

to learn a solid modeling software such as Pro/Engineer 

and the Asian man who is very slow to catch on as 

exceptions to the rule. The good news is that 

understanding how stereotypes work to influence 

attitudes and behavior can, to some extent, inoculate us 

and our students from their effects. 

 

II. What is Stereotype Threat? 

We all have stereotypes of our own group, as well 

as stereotypes of other groups. Stereotype threat occurs 

when we are at risk of confirming, with our own 

behavior, a negative stereotype about our group. For 

example, in one classic experiment Black students 

performed more poorly on standardized tests than 

White students, but only when race was emphasized 

(Steele & Aronson, 1995). This can be as subtle as 

asking students to check off whether they are black or 

white, or male or female before taking a test (Shih, 

Pittinsky, & Ambady, 1999). Research has also 

demonstrated that women reminded of their ascribed 

status (i.e. woman) perform worse on a mental rotation 

task than when they are reminded of their achieved 

status (i.e. elite private college student; McGlone & 

Aronson, 2006). Hundreds of other experiments have 

confirmed that stereotype threat can harm performance 

in academic settings. The questions that have been 

studied more recently are: 1) Who is most vulnerable to 

stereotype threat? 2) What are the consequences of 

stereotype threat?  3) What situations are most likely to 

lead to stereotype threat? The answers to these 

questions can allow us to train teachers of all age 

groups to avoid the situations that are most likely to 

create threat, and to some extent, inoculate students to 

the influence of threat. 

 

III. Vulnerability to Stereotype Threat 

To some extent we are all vulnerable to stereotype 

threat. All of us belong to some group that is 

characterized by a stereotype, and any social identity 

that is highlighted before a task can cause threat if one’s 

performance has the possibility to confirm a negative 

stereotype about that identity. To this end, members of 

a socially “dominant” group are also vulnerable to 

stereotype threat in some cases. For example, White 

males may perform more poorly on a sports task in 

comparison to Black and Hispanics when race is made 

salient (Stone, 2002), and White males may score lower 

on math tests when they are compared to Asian males 

(Aronson, Lustina, Good, Keogh, Steele, & Brown, 

1999). However, those most vulnerable are people 

whose group status is made salient and whose self-

stereotypes are inconsistent with positive performance. 

For example, if you are the only women in your 

engineering graphics class, your female status is 

obvious. If you are then asked to perform a task such as 

learning a new solid modeling program, the multiple 

stereotypes of males being more likely to be engineers, 

males being better at computers, and males being better 

at spatial visualization can create an environment where 

our female engineering student is at a particularly 

serious disadvantage.  

Those who are more likely to endorse the 

stereotype are more susceptible to the effects, so 
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women who agree with the stereotype that men are 

naturally better at math are more susceptible to 

stereotype threat. Those who believe that intelligence is 

fixed and largely genetic also perform more poorly 

under threat than those who believe that intelligence is 

changeable and can be improved with practice (Dweck, 

1999). In one rather surprising study, women who were 

most proactive (likely to act instead of remaining 

passive) were more susceptible to stereotype threat. 

They indicated less interest in pursuing careers in a 

field where success supposedly required stereotypical 

male attributes (Gupta & Bhawe, 2007). 

Excellent preparation and high ability don’t 

necessarily protect us. High ability individuals might 

actually be most susceptible to stereotype threat 

because they care deeply that their performance 

counteracts the stereotype. The high achieving female 

engineering major also personally values achievement 

in her domain and this can lead her to become more 

susceptible to stereotype threat. In one counterintuitive 

finding it was the racial minority students who highly 

valued academics who were most likely to withdraw 

from school (Osborne & Walker, 2006). Sadly, one or 

more experiences with prejudice can also lead to 

hypervigilance and the tendency to be looking for bias 

everywhere. This exacerbates stereotype threat based 

performance decline and can lead the individual to have 

inaccurate and inconsistent views of their own skills 

(Brown & Pinel, 2003). 

 

IV. Consequences of Stereotype Threat 

The consequences of stereotype threat for our own 

classrooms should by now seem clear. Students who are 

capable of performing well show poorer performance if 

the academic environment creates stereotype threat. 

However, another consequence is that stereotype threat 

may lead individuals to use self-handicapping strategies 

to avoid damaging theirself-esteem. They may 

withdraw from involvement in class, not do homework, 

and put less time into studying in order to implicitly 

justify the poor performance. If I study my hardest and 

fail the exam, I must be stupid, but if I drink too much 

at a party the night before the exam, then I have a 

reason to do poorly.  

A recent meta-analysis combining data from 

18,976 students in five countries found that under 

conditions that reduce stereotype threat, students from 

the stereotyped group can actually perform better than 

those from the non-stereotyped groups (Walton & 

Spencer, 2009). The authors suggested that the standard 

measures of academic performance are biased against 

women and non-Asian ethnic minorities in the 

quantitative fields.  

Stereotype threat does not only occur in the 

academic environment. Even if students do manage to 

get their degrees, they are still likely to face challenges 

in the work environment where there is more pressure, 

more competition, and where bosses and co-workers are 

less educated about the influence of stereotypes. 

Inoculating students now to the pervasive influence of 

stereotype threat can help them resist it later in their 

careers. 

 

V. Avoiding Stereotype Threat 

When group identity is made salient, stereotype 

threat is most likely to occur. In some cases that might 

be inevitable such as when there is only one women or 

African American in the class. But teachers can avoid 

emphasizing group identity especially in testing 

situations. For example, it is common to place name, 

age, gender, and even ethnicity at the beginning of 

some assessments, but these questions, no matter how 

innocuous, make group identity more salient in the 

unconscious mind. For example, one study suggested 
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that simply moving the demographic information from 

the beginning to the end of the test would allow an 

additional 4700 women students to receive credit for 

the AP calculus exam each year. (Danaher & Crandall, 

2008).  

Even interacting with a member of another group 

thought to be superior can induce stereotype threat. For 

example, in one study Blacks felt more threatened and 

performed worse when the person giving the test was 

White instead of Black, but White students were 

unaffected by race of the administrator (Marx & Goff, 

2005).  We don’t have control over our own race or 

gender but we can consider such issues in picking 

graders and teaching assistants.  

One issue that teachers can control is to be careful 

when first describing challenging new topics. On the 

one hand, it is tempting to introduce a task or topic by 

directly refuting the stereotype than one group is better 

than another, but that may also backfire by making the 

group stereotype even more salient. Therefore, it might 

be better to have discussions intended to reduce 

stereotypes separately from the introduction of new 

topics and separate from assessments.  

In addressing stereotypes it is also useful to 

provide positive role models of the stereotyped group 

that affirm that individuals can be successful in the 

field. This can be done in person or by watching films 

and reading stories of a variety of people that have 

worked hard and succeeded. During these discussions it 

is important to deemphasize the role of innate, genetic 

factors and emphasize that the brain continuously 

changes with practice and more practice means better 

performance. Sports analogies can be useful here. No-

one expects to be able to run a marathon without long 

hours of gradual conditioning and training, Muscles 

become stronger after challenging workouts and, in a 

similar way, the brain get rewired and connections are 

strengthened when difficult mental tasks are practiced. 

Evaluations can be particularly tricky. As 

instructors we want students to study hard and be well 

prepared, so we tend to emphasize that the test or 

assignment is important and diagnostic of their ability. 

However, stereotyped individuals, especially those who 

have had bad experiences, can become hypervigilent 

and determined to perform well in order to disprove the 

stereotype. This can lead to high motivation but also 

higher stress, anxiety, and intrusive thoughts that use up 

the mental capacity needed for complex reasoning.  

Time limits are also something to be used with 

caution. Knowing that there is limited time to perform a 

task can increase evaluation anxiety and that may be 

particularly detrimental to the stereotyped group. For 

example, in one study we found when women were 

under threat in a spatial visualization task (mental 

rotation) they performed quite accurately but very 

slowly, but when a time limit was imposed the women 

(but not men) performed more quickly but suffered a 

large decline in accuracy (Blasko, Hodge, Schubert, & 

Jerome, 2008). This suggests that some proportion of 

women may be more sensitive to time pressure because 

in attempting to disprove the stereotype, they are highly 

focused on accuracy. 

In a second study, we found that women 

performing a mental arithmetic task performed only 

slightly worse under threat but when one group had a 

time limit imposed, their performance was 13% lower 

than the group without the time limit even though both 

groups had plenty of time to complete the task (Hodge, 

Blasko, & Rufenacht, 2009). This effect was not 

observed for men where the group stereotype supported 

higher performance. Therefore, in class assignments 

and in exams, it is important to consider whether 

explicit time limits are really necessary. In cases where 
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time limits are needed (such as standardized tests) 

practicing under those constraints with successful 

outcomes can be helpful.   

Research has shown that individuals who use 

humor as a coping mechanism are more resistant to the 

influence of stereotype threat (Ford, Ferguson, Brooks, 

& Hagadone, 2004). As an instructor, finding ways to 

reduce performance anxiety by using humor in the 

classroom may be a very effective strategy.  However, 

it is important to make sure that the stereotyped group 

members are not the brunt of the joke. In male 

dominated domains, gender relations are often the topic 

of jokes and this may increase stereotype threat. 

Education can also be very helpful. Taking time 

out of class to explain to students what stereotypes are, 

and how they work below the level of conscious 

awareness is enough in some circumstances to create 

resistance to the negative effects of stereotype threat. 

This discussion is most powerful if it is reinforced 

throughout the class. If you are not comfortable doing 

this yourself, invite a colleague with knowledge of the 

topic and let the students know it is very important to 

you, your institution, and to your profession to enhance 

diversity and reduce the influence of stereotypes. 

Mandatory diversity training is often unsuccessful 

because it is often one session given by an outsider who 

is foreign to the culture and therefore, not taken 

seriously. Educating colleagues in teaching discussions 

is also important because students may receive one 

message in your class and another more negative 

message in another class leading to self-defeating 

hypervigilence and ultimately poorer performance and 

higher drop-out rates. 

Listed below are five simple ways supported by 

empirical research to reduce stereotype threat in your 

classroom. By adopting these pedagogical practices, 

you will create a more productive learning environment 

for women and minorities in the engineering discipline. 

 

VI. Five simple ways to reduce Stereotype Threat 

1. Reframe the task so that it is gender neutral. 

2. Avoid time limits when possible. 

3. Explain what stereotypes are to your students 

and how it can affect their performance. 

4. Provide positive role models for women and 

minorities whenever possible. 

5. Emphasize that intelligence is not fixed and 

that students can always increase their 

knowledge through practice. 

For an in-depth description of stereotype threat and how 

to reduce it, visit: http://reducingstereotypethreat.org/ 
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ABSTRACT - Computer Graphics Technology at 

Purdue University recently created a combined M.S. 

and B.S. program that allows outstanding students to 

obtain both degrees in five years. Benefits for the 

students include the ability to (1) reduce their time at 

the university by one year; (2) leave the university with 

a second degree that increases their earning power; 

and (3) permits them to begin their research endeavors 

earlier in their academic careers. For CGT the degree 

allows the department to (1) attract higher quality 

undergraduate students to the program; (2) increase 

the number of qualified graduate students; (3) help the 

department increase its research agenda; and (4) 

identify outstanding talent early. This paper outlines 

the background on the need and rationale for the 

program, its curricular aspects (the combined plan of 

study, policies, and admission plans), the process used 

at Purdue for its approval, and early results of its 

implementation at the West Lafayette campus. 

 

I. Introduction 

 The College of Technology (CoT) at Purdue 

University has a 45 year history of offering degree 

programs in Technology, Management, and Applied 

Engineering. During its early development, the degree 

programs offered were at the associate and 

baccalaureate degree levels primarily focused on 

providing terminal experiences designed to meet the 

technical managerial workforce needs of Indiana and 

the Midwest region. The CoT has been known for 

providing outstanding state-of-the-art technology 

education that emphasizes teaching and learning. More 

recently, the CoT has made significant investments in 

growing its research and graduate education programs. 

This investment has been made to enable the college to 

more fully participate in, and contribute to, the full 

range of activities within the academy. As a result, the 

college has grown its graduate offerings, research 

profile, and sponsored programs significantly.   

 The Department of Computer Graphics 

Technology (CGT) is one of eight technical 

departments in the college and has offered a B.S. in 

Computer Graphics Technology since the early 90’s. 

CGT has also offered an area of specialization in 

Applied Computer Graphics in the M.S. degree 

program administered by the college for over a decade. 

CGT has participated in the Ph.D. in Technology 

administered at the college level since the degree was 

approved in 2004. Recently, the Purdue University 

Board of Trustees approved a stand-alone M.S. degree 

in Computer Graphics Technology that was spun off 

from the college level master’s degree.  
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 With the department’s increasing commitment to 

applied research and graduate education, building a 

pipeline into graduate degrees has become a priority, in 

addition to its longstanding commitment of producing 

applied computer graphics baccalaureate graduates. 

Most recently, CGT developed a combined B.S. and 

M.S., “3+2” program to provide a fast-track for its most 

qualified undergraduate students who commit to 

completing the combined degree plan within five years 

from undergraduate admission. This paper presents the 

background behind the development of the 3+2 

program and the department’s expectations for its 

implementation. 

 

II. Indiana Commission of Higher Education Plan 

 The college and university system in the State of 

Indiana has been the subject of significant study 

conducted through the Indiana Commission for Higher 

Education (ICHE). This work has been a direct result of 

the goal of the State government for improving the 

quality of education, from Kindergarten to graduate 

school, for the citizens of Indiana. The ICHE report 

titled Reaching Higher (2007) stressed the need to 

provide an Indiana higher education system designed to 

“effectively and efficiently maximize opportunities for 

students and consist of components whose missions 

complement one another and work in concert to fulfill 

the vision, goals and strategic directions” (p.6).The 

report also challenged the State’s higher education 

institutions to “continually seek institutional 

efficiencies that contribute to holding down the costs of 

postsecondary education” (p. 10). Part of this desire for 

economy across all institutions included defining the 

roles of the various colleges and universities in Indiana. 

ICHE clearly identified the expectations for the three 

public State supported campuses that qualify as major 

research universities (Purdue University West 

Lafayette, Indiana University Bloomington, and 

Indiana University-Purdue University Indianapolis). 

One interpretation of the ICHE plan is the desire to 

provide the majority of the initial access to higher 

education to the State’s Community College system 

and the Regional institutions, thereby restricting 

admissions to the research universities to only the most 

highly qualified high school graduates. Such an 

approach permits these three institutions to focus 

resources on growing their research portfolio and 

graduate education programs. 

 Subsequently, the Commission issued the report 

titled Reaching Higher with Major Research 

Universities-Strengthening Indiana’s Major Research 

Universities (2008) that among other issues, charts the 

expectations for Purdue University-West Lafayette and 

Indiana University-Bloomington. These flagship State 

supported institutions were charged “to develop 

strategies to be among the top public research 

universities in the country for institutions with similar 

missions” (p. 18). Metrics for meeting quality and 

student learning expectations includes the number and 

percentage of undergraduates involved in research, 

completing honors components, and pursuing graduate 

education following baccalaureate degree graduation. 

Clearly, the Commission challenged Purdue University 

and Indiana University to employ more competitive 

admissions criteria, increase sponsored research, and 

expand professional master’s, doctoral, and 

professional degree programs. 

 

III. Purdue’s New Strategic Plan 

 Colleges and universities that offer Technology 

degree programs exist within the mission and vision of 

their particular institutions. Purdue University recently 

developed the strategic plan New Synergies (2007) to 

articulate its vision for implementing the institution’s 

unique contributions to the State of Indiana, the 
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Table 1. New Synergies (Purdue University, 2008). 

Launching Tomorrow’s Leaders Promote excellence in learning experiences and outcomes, fostering 
intellectual, professional, and personal development to prepare learners for 
life and careers in a dynamic, global society. 

Discovery with Delivery Advance the frontiers of knowledge, innovate technologies that address the 
grand challenges of society to serve humanity, and improve the quality of 
life around the world. 

Meeting Global Challenges Address the critical needs of society, and catalyze economic development 
and entrepreneurship consistent with a public research university of the 21st 
century with global impact. 

 

Midwest region, the Nation, and its global constituents. 

This plan was intended to articulate the University’s 

vision for its learning, discovery, and engagement 

mission based on the foundation of three major 

elements (see Table 1). 

 These three elements (Launching Tomorrow’s 

Leaders; Discovery with Delivery; and Meeting Global 

Challenges) can be helpful in articulating a vision for 

much of what we seek to accomplish in the 

undergraduate and graduate degree programs in the 

College of Technology. With the proper undergraduate 

and graduate experiences, alumni of our programs are 

challenged to become tomorrow’s leaders. Our 

programs seek to innovate and apply technologies and 

engage in use inspired research for the benefit of our 

economy and society. Our graduates will need to 

address the world’s grand challenges with a global 

perspective if they are to have fulfilling lives and 

successful careers. Providing gateways to graduate 

education is an important factor needed for 

undergraduate degree programs at a research intensive 

university campus to reach its full potential. 

Recognizing this challenge the CoT has set a goal of 

increasing graduate enrollment to 15 percent of its 

student capacity in the recently developed college 

strategic plan. 

 

IV. Improving Undergraduate Education 

 Imperatives for undergraduate and graduate 

technology education on research-intensive campuses 

include reaching stated goals for the scholarship of 

discovery, integration, application, and teaching in the 

technology environment for their students and faculty. 

The 3+2 program in Computer Graphics Technology 

was designed to maximize the interaction of these 

elements among the undergraduate and graduate 

programs in Computer Graphics Technology. The 

desire to create innovation in undergraduate education 

is not new. Attempting to chart a course of program 

improvement on research-intensive university 

campuses, the Boyer Commission (1998) identified 10 

key elements for improving undergraduate education. 

These elements are helpful in justifying a combined 

B.S. and M.S. degree program.  These elements are 

defined in Table 2. 

 
Table 2. Improving undergraduate education. 

 
Make Research-Based Learning the Standard 
Construct an Inquiry-based Freshman Year 

Build on the Freshman Foundation 
Remove Barriers to Interdisciplinary Education 
Link Communication Skills and Course Work 

Involve Undergraduates in the Research Process 
Use Information Technology Creatively 
Culminate With a Capstone Experience 

Educate Graduate Students as Apprentice Teachers 
Change Faculty Reward Systems 
Cultivate a Sense of Community 
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 The 3+2 program was designed with many of the 

above elements in mind by providing a gateway to 

graduate education built on a contemporary vision for 

delivering undergraduate programs in a research-

intensive university. Because the CGT department 

continually seeks to increase the quality of its 

undergraduate program, providing the incentive of a 

3+2 B.S. to M.S. degree designed to be completed in 

five years, should assist the department in attracting 

highly qualified and motivated students for both its 

undergraduate and graduate programs. Development of 

a 3+2 degree program that can be completed in five 

years should also assist the department in growing its 

research and graduate education potential, including 

incentives for additional students to continue their 

development by enrolling in the college’s Ph.D. 

program following the 3+2 experience. 

 

V. The CGT 3+2 Development Process 

Five year combined B.S. and M.S. degree programs 

exist at various universities around the country, 

including Arizona State University, Ohio-State 

University, and Rochester Institute of Technology. 

Such institutions are identified as peer institutions by 

the Purdue University College of Technology. In such 

programs, students with excellent undergraduate 

academic performance records (GPA’s) are allowed to 

enroll in a combined Bachelor of Science – Master of 

Science degree program. In addressing the desire to 

increase graduate enrollment and the department’s 

research production, programs in the College of 

Technology have decided to offer the five year 

combined degree program option. Aviation Technology 

was the first CoT program to pursue this option, with 

CGT following. 

The Department of Computer Graphics 

Technology has 17 graduate faculty members who 

work in related areas of computer graphics that include 

computer animation, construction graphics, interactive 

media, and virtual product integration.  Members of the 

graduate faculty in the department developed the CGT 

3+2 degree proposal in the spring of 2009. Because 

CGT’s stand alone M.S. degree proposal was in 

pending status at that time, the CGT 3+2 degree was 

developed as a combination of the existing CoT M.S. 

degree and the CGT B.S. degree. Following State 

approval of the stand alone CGT M.S. degree, the CGT 

3+2 will be modified such that it includes the CGT 

M.S. degree. 

 Proposals for 3+2 degrees at Purdue are 

advantageous because the only required approval is by 

the participating department, the Dean of the Graduate 

School, and the University’s Provost. Such proposals 

do not require State approval because they are 

considered to be combinations of already existing 

degrees. At the time of this writing, the CGT 3+2 

degree program proposal has been approved by the 

department and the college dean and is awaiting final 

approval. The department expects the program to be 

approved prior to the beginning of the fall 2009 

semester and students are ready to apply for admission 

consideration. 

 

VI. Overview of the CGT 3+2 Degree 

 The demand for CGT graduates, particularly for 

those with graduate degrees, appears quite promising 

for the foreseeable future. Various sources, including 

the Bureau of Labor Statistics, the Indiana Department 

of Workforce Development, and the Occupational 

Supply and Demand System project a nationwide 

increase in demand for graduates with computer 

graphics skills to have an anticipated increase of 10 to 

23 percent by 2014. Average expected compensation is 

projected to be between 50,000 and 60,000 dollars. 

Given these statistics, the outlook for CGT graduates 

with a 3+2 degree is quite favorable. 
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Students currently enrolled in CGT at Purdue 

University may apply to the 3+2 degree program after 

completing 93 of the B.S. degree’s required 123 credit 

hours (typically at the end of their sixth semester). Any 

student who maintains a 3.5 GPA in CGT courses (on a 

4.0 scale) and a 3.2 overall Purdue GPA may apply. In 

addition to an application form, students must submit a 

statement of interest, a portfolio or demo reel, three 

letters of recommendation, transcripts, and a tentative 

plan of study. The graduate committee of the 

department reviews applications and either accepts or 

rejects students based upon availability and alignment 

between student and faculty research interests. This 

accelerated 3+2 degree program is designed for the 

most academically gifted students.  It is anticipated that 

approximately 10 to 15 students will be selected for this 

program each year. Because recent CGT baccalaureate 

graduating classes have been averaging approximately 

80 students per year, it is anticipated that 10 to 15 

percent of the undergraduate students will opt to 

participate in the 3+2 program. The 3+2 option and the 

traditional M.S. degree admissions process will help the 

department meet its goal for growing its research and 

graduate degree productivity. 

  

VII. Plan of Study  

 The plan of study for the 3+2 degree includes two 

primary assumptions. The first, as shown in Table 3 

(see next page), is that during the students’ seventh and 

eighth semester three of their courses are shared 

between the B.S. and M.S. degrees. The CoT M.S. 

degree allows up to nine credit hours to be used from 

300- and 400-level courses toward the M.S. degree. 

Similarly, the B.S. degree has a sufficient number of 

technical electives and free electives to allow the 

student to take 500-level courses if they so desire. 

Regardless of the courses used for the shared three 

course requirement, the student is able to satisfy the 

requirements for both degrees. The second assumption 

is that the student will attend summer school between 

the eighth and ninth semesters, taking two M.S. courses 

in order to complete the 3+2 in 5 years. This does not 

preclude them from attending summer sessions at 

earlier points in their studies if they so choose.  

 

VIII. Program Administration and Retention  

 To assure a smooth transition into graduate studies, 

each student admitted in this program is assigned a 

graduate committee chair, prior to beginning the 

graduate program in semester seven. The 3+2 program 

students are monitored by both their undergraduate 

advisor and their graduate committee chair. The 

undergraduate advisor, committee chair, and the 

student work jointly in documenting and monitoring 

student progress each semester until completion of the 

accelerated graduate degree program. At least one 3-

credit hour course at the 500- or 600-level must be 

taken each semester after students are accepted into the 

3+2 degree program. 

 Students are not permitted to continue in the joint 

program, if: (1) they are unable to complete both 

degrees in five years, or (2) they are not following the 

plan of study allowing them to complete both degrees 

in five years. Students unable to continue in the dual 

degree program lose their graduate student status and 

cannot use any courses for both degrees. The CGT 

Graduate Curriculum Committee may grant exceptions 

to these policies for compelling or extenuating 

circumstances. Undergraduate students meeting the 

requirements of the 3+2 program are not required to 

take the GRE General Test as do students applying 

directly for the graduate program. Student admitted to 

but who do not complete the dual degree in five years 

must reapply for graduate school if they desire to 

pursue the master’s degree later.  
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Table 3. CGT 3+2 Plan of Study 
 
First Semester  Second Semester 
CGT 111 Design for Vis & Com 3  CGT 116 Geo Model For Vis & Com 3 
CGT 112 Sketching for Vis & Com 3  CGT 141 Internet Fdtn Dev & Tech 3 
CGT 101 Intro to CGT 3  COM 114 Speech Communications 3 
 English Selective 3  MA 221 Calculus for Tech I 3 
MA 159 Precalculus 3  C&IT 175 Visual Programming 3 

Total 17  Total 15 
     
Third Semester  Fourth Semester 
CGT 211 Raster Imaging for CG 3  CGT 216 Vector Imaging for CG 3 
 CGT Selective 3  C&IT 267 Intro to C++ Prog 3 
 Liberal Arts Elective 3   Science Elective 3 
PSY 120 Elem Psychology 3  ECON 210 Principles of Econ 3 
PHYS 218 General Physics I 4   Elective 3 

Total 16  Total 15 
       
Fifth Semester  Sixth Semester 
 CGT Selective 3   CGT Selective (300 or >) 3 
 CGT Selective 3   Technical Elective 3 
 Technical Elective 3   Liberal Arts Elective 3 
 English Selective 3   Statistics Elective 3 
 Com Selective 3  OBHR 300 Mgmt of Human Res 3 

Total 15  Total 15 
       
Seventh Semester  Eighth Semester 
CGT 450 Professional Practices 3   CGT Selective (400 or >) 3 
CGT 411 Contemp Prob in CGT 3   Liberal Arts Elective 3 
MGMT 455 Leg Backgrd for Bus I 3   Management Elective 3 
 Technical Elective 3   Elective(BS)CGT Primary / 

Related Course (MS) 
3 

 Elective(BS) CGT Primary / 
Related Course (MS) 

3   Elective(BS) CGT Primary / 
Related Course (MS) 

3 

Total 15  Total 15 
       
Summer School     
 CGT Primary/Related Course 

(MS) 
3     

 CGT Primary/Related Course 
(MS) 

3     

Total 6     
       
Ninth Semester   Tenth Semester 
 CGT Primary/Related Course 

(MS) 
3   CGT Primary/Related Course 

(MS) 
3 

 CGT Primary/Related Course 
(MS) 

3   CGT Primary/Related Course 
(MS) 

3 

 CGT Primary/Related Course 
(MS) 

3   CGT Primary/Related Course 
(MS) 

3 

Total 9  Total 9 
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IX. Program Intended Benefits 

 This program was developed to benefit the 

students, the department, and the college. The college 

and the department have identified the goal of 

increasing graduate enrollment to 15 percent of the 

combined undergraduate-graduate student capacity. 

Providing incentives for the most qualified 

undergraduate students to complete both degrees in five 

years should not only increase M.S. degree enrollment, 

but it should also help increase the number of students 

continuing in their development by pursuing a Ph.D. 

The students’ ability to receive both a Bachelor and 

Master degree in five years provides a great economic 

incentive. In addition, students are exempt from taking 

the GRE and are eligible for graduate scholarships and 

assistantships upon being admitted to the program. 

Students in the 3+2 program will have opportunities to 

participate in research earlier in their studies and will 

have access to higher level courses than their regular 

baccalaureate degree counterparts. The CGT 

department and the College of Technology also have a 

goal of attracting more highly qualified students 

directly out of high school and for providing 

challenging experiences for honors students. The 3+2 

degree in CGT should help the department attract the 

most qualified undergraduate students and encourage 

the brightest students to enroll into the graduate 

program. The combined degree program is also 

designed to offer an enhanced academic environment 

with an accelerated learning opportunity. 

  

X. Plans for Evaluating the Program’s Success 

 Any attempt at innovation in higher education 

would be remiss if plans for evaluating the success of 

the program’s impact are not undertaken. In evaluating 

the efficacy of the 3+2 program the following metrics 

will be considered: 

• Quality indicators of students admitted as 

freshman in CGT  

• Number of students applying for the 3+2 

option 

• Number of students completing the 3+2 

program in 5 years 

• Number of scholarship opportunities in the 

form of conference presentation or papers 

published as a result of student and faculty 

work 

• Number of sponsored programs proposed and 

awards as a result of student and faculty work 

• Number of 3+2 graduates that go on to a Ph.D. 

at Purdue or another institution 

• Job placement demographics of 3+2 students 

going into the job market after graduation 

• Student and faculty program satisfaction 

  

 Because the University, College, and department 

employ outcomes-based strategic planning, the metrics 

listed should provide the data needed for requesting 

future resources to support the CGT department’s 

desire for creating economy of scale in delivering its 

learning, discovery, and engagement mission.  

 

XI. Summary 

 This contribution has outlined the process used by 

the CGT department in developing a combined 3+2 

M.S. and B.S. program. It is believed that this degree 

program provides myriad benefits to students, faculty, 

the department and college. For the students the 

program provides an accelerated path of study that 

retains the rigor of the individual degrees, helping those 

that qualify go farther faster. For faculty, the program 

assists in transitioning from a total focus on 

undergraduate programs to one that places equal 

emphasis on undergraduate and graduate education. By 

combining 3+2 program admissions with the 
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department’s traditional M.S. degree admits, the 

department will enjoy the same benefit as students, 

growing its graduate program more quickly. And, both 

the department and college will reap the benefit of 

increasing graduate program admissions, stronger 

undergraduate admissions, and the potential for an 

expanding research portfolio. 
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ABSTRACT - Accreditation is a daunting but 

necessary task.   The Engineering Graphics and 

Design Technology program at Western Michigan 

University went through the accreditation process 

under the new TAC of ABET guidelines in 2005.  

Based on accreditation team observations design 

content needed to be increased and the curriculum 

needed to be changed to sufficiently differentiate it 

from other programs.  Beyond that, input was 

solicited from alumni, employers, and students.  This 

paper follows the assessment process of meetings, 

surveys, and interviews that took place after the 

accreditation review.   

 

I. Introduction 

The Engineering Graphics and Design 

Technology (EGR) program at western Michigan 

University went through the accreditation process 

under the new Technology Accreditation Commission 

(TAC) of ABET guidelines in 2005.  Accreditation is 

always a daunting task, but the value of being 

accredited is undeniable.  Students have been denied 

employment based on the fact that they came from 

unaccredited programs.  Thus, the department took 

the task very seriously from the start. 

The department began by hiring a consultant for 

external assessment of the program.  Members of the 

faculty attended ABET workshops and participated as 

ABET reviewers to observe the process at other 

schools.  Many meetings were held, and notebooks 

were assembled to present the materials that 

addressed each of the a-through-k criteria used by 

ABET for assessment (TAC, 2003).  No one would 

say that the process did not have its problems, but the 

end result was that the program was one of four out of 

17 programs that were successfully accredited in the 

College of Engineering and Applied Sciences. 

With the 2006 accreditation effort done, the 

department began to assess the effort and prepare for 

the next accreditation cycle.  This paper follows the 

assessment process of meetings, surveys, and 

interviews that took place after the accreditation 

review. 

 

II. Process Assessment 

The accreditation process was addressed as part 

of numerous departmental meetings and as the 

primary topic of three departmental retreats over a 

two year period.  Much material had been assembled 

in 2005, but many questioned its effectiveness.  A 

senior exit interview had been in effect for 
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assessment of the program along with alumni follow-

up, but it could be improved.  There was a need for a 

more effective way to collect evaluation material for 

courses each semester. 

One plan at this point is to develop evidentiary 

materials in a much more compact fashion.  This is 

being done by identifying courses that address each 

ABET area of concern to allow the material to be 

collected more easily and allow the reviewers to find 

it faster. 

The senior exit interviews are continuing.  The 

alumni and employer process has been streamlined 

with a much shorter online form.  The intent is to 

keep the interviewees attention long enough to fill out 

the form. 

Data for course review is now collected on a 

much simplified form.  The form focuses on the 

review criteria that each course addresses.  An 

instructor no longer has to wonder if items a-through-

k must be addressed.  So far the data seems to be 

coming in faster and more smoothly than before.   

 

III. Curriculum Change Input 

The input for curriculum change comes from 

many sources: ABET reviewers, faculty, Industrial 

Advisory Board (IAB) members, alumni, and 

students.  ABET reviewers observed that the EGR 

program had similarities to other programs.  Most of 

these occur in the first two years.  ABET reviewers 

also suggested that the program needed more design 

content. 

Many EGR and other technology students are 

involved in multidisciplinary teams for senior 

projects.  It was judged that students did not possess 

the requisite skills expected in electronics.  This 

became evident when students were tested on their 

incoming knowledge.  These skills included 

knowledge of Programmable Logic Controllers, basic 

motor functions, hands-on trouble shooting of 

circuits, and soldering.  Students studied Geometric 

Dimensioning and Tolerancing (GD&T) (IME 3480) 

in their junior year and then attempted to apply it in 

the senior year during their Metrology course (IME 

4810).  Professors acted on repeated student 

suggestions that the subjects should be taught 

together.  The solution was to make IME 3480 and 

IME 4810 co-requisites, which also required a 

number change to IME 4810 to IME 3540.  

Following consultation with several alumni involved 

in product tolerancing, a series of concurrent 

assignments are under development to apply GD&T 

to a product and its verification.  Objectives have 

been rewritten for both courses and a new 

coordinated outcome assessment is under 

development to verify the affect on student learning. 

Students asked for earlier introduction to the 

design process.  They also asked if the term 

"graphics" could be dropped from the degree name.  

Several students had reported having to explain past 

the word "graphics" in interviews or removing the 

word from their resume's to get past human resources.  

IAB members and alumni asked for its removal also. 

The most extreme case of the human resource 

problem came when a local company had asked for 

resume's from EGR students.  The top student in the 

program applied and was never called.  Weeks later, a 

manager called and asked why he had not seen any 

applications.  When he was told who had applied, the 

problem with human resources was corrected.  The 

student got the job, but she should not have had to 

wait. 

IAB members seemed to be fairly satisfied with 

the program.  They like the mechanical engineering 

technology skills with a strong emphasis on 

Computer Aided Design and Computer Aided 

Engineering tools.  The most common requests were 
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more emphasis on GD&T, Design for 

Manufacturability and Assembly, and Failure Modes 

and Effects Analysis (FMEA). 

One more source driving change came from the 

software that handles the administration of classes 

and schedules.  The EGR program offers students to 

use approved electives to establish areas of 

specialization called options.  The administration 

software had no convenient way of dealing with these 

options of which there were four.  The result was that 

the BANNER administration software made each 

option look like a separate degree.  Thus, there was 

the basic EGR degree, the preprograms and four other 

EGR degrees related to each option.  In times of 

economic stress, dividing the enrollment across the 

"options" marks a program for elimination since its 

elimination would remove six seemingly tiny degrees.  

It always floats the program to the top of the 

administration's list.  This made minors an attractive 

solution.  Minors would require more hours than an 

option, but the administration software does not treat 

them as separate four year degrees. 

The department had the established the need to 

change the degree.  What followed were the 

proposals, discussions, and meetings.  Years of input 

from students and employers through program board 

meetings were used as the basis of nine months of 

departmental debate on how to deliver an improved 

program. 

 

IV. Results of the Process 

Several changes are reflected in the degree as 

shown in Figure 1.  Two new design courses were 

added which serve to introduce the design process 

earlier in the program and address the ABET 

Criterion 3-d, 3-h, and 3-i program outcomes more 

effectively.  They also bring the program into tighter 

alignment with the program criteria for Design 

Engineering Technology Programs (2007).   

An approved elective was added to encourage 

students to pursue a minor.  The number of hours in 

the program was reduced from 127 to 124, the 

TAC/ABET minimum.  An electronics course with a 

hands-on focus replaced two existing electronics 

courses.  Laboratories have added to the  fluids and 

thermodynamics course.  The curriculum was 

balanced to a maximum of 16 hours in any semester.  

Three technical minors were created to replace 

options.  These are Minors in Automotive 

Technology, Cast Metals Technology, and Plastics 

Technology.  A Minor in Engineering Design 

Technology is being studied for students in other 

curricula.  The GD&T and Metrology classes were 

fully coordinated and made into co-requisites.  

Community colleges have been brought into the 

process so that they could design Associates degrees 

that dovetail with the program.  The name of the 

program was changed from Engineering Graphics and 

Design Technology to Engineering Design 

Technology. 

It should be noted that the reduction in hours 

came primarily from two sources.  A course in 

general statistics was replaced by a statistics course 

more aligned with engineering and technology 

curricula resulting in a one hour reduction.  A four 

hour course in programming was replaced by a one 

hour course in spreadsheet analysis and a one hour 

course in C++ programming.  Over the last two years, 

several students were allowed to take the one hour 

course as a prerequisite for a later CAD programming 

course.  These students have come in with the 

requisite skills.  The addition of the spreadsheet skills 

seems to be a net plus. 
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Changes are usually gauged by the responses to 

them.  To this point the responses have been very 

positive.  Students are excited about the new 

program.  They are already being allowed to take the 

minors and many have done so.  The only negative 

comment has been that the alumni wish that the 

program had been available to them. 

IAB members have responded positively as well.  

One member responded with the following: 

" It seems the program has been updated 

to keep up with the ever changing industry.  

The additions of the design classes in the 

freshman and senior year are in line with the 

push we are seeing in the industry for 

'Design Engineers'." 

 

 
Figure 1  The 124 hour curriculum. 

 

Finally, the faculty are excited and energized.  

They are looking forward to teaching courses that they 

have fought long and hard for. 

 

 

V. Conclusions 

It is expected that these changes will enable our 

students to graduate with outstanding skills in design 

and virtual prototyping.  It is also expected that 

students will be able to graduate in less time and with 

less expense.  The new design courses should provide 

better skills in conceptual product design, product life 

cycle. and product analysis.  It is expected that the 

move to Engineering Design Technology will better 

reflect our graduates' skill set and should aid in their 

employment. 
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ABSTRACT – In 2009, the National Association of 

Industrial Technology (NAIT) became the Association 

of Technology, Management, and Applied Engineering 

(ATMAE). In broadening the scope of this professional 

association, ATMAE should be considered an 

appropriate venue for the accreditation of associate, 

baccalaureate, and master’s graphics technology 

programs. Accreditation performs a critical function in 

the development, growth, and validity of degree 

programs and is often mandated by institutional or 

legislative action.  

Two avenues are available for ATMAE 

accreditation: a standards-based accreditation of sixty-

two metrics covering curriculum, resources, students, 

faculty, and the institution; and, an outcomes 

assessment evaluation model containing nineteen 

accreditation outcomes. Although this change in name 

and broadening of focus is positive news, several 

stumbling blocks for graphics programs remain. 

Graphics degree programs are particularly well-

suited to the ATMAE outcomes-based accreditation 

model because of the nature of their curricular 

activities. Graphics programs are naturally based on 

outcomes—students produce tangible output, usually to 

some standard. Additionally, that output is the result of 

mastering a broad set of competencies which together 

contribute to achieving overall program outcomes 

I. Background of ATMAE 

 The National Association of Industrial Technology 

(NAIT) was chartered in 1967 to promote 

professionalism in the study and practice of industrial 

technology (Strong, et all, 1999). One important 

function of NAIT has been to accredit industrial 

technology programs at the associate and baccalaureate 

levels. One hundred-fourteen domestic institutions of 

higher learning are constituent members of this 

organization with a 2009 individual membership of 

approximately 1,300. 

 Over the ensuing decades since its inception, 

disciplines included in the broad definition of industrial 

technology grew to include digital technologies, 

aviation, safety, hygiene, environmental technology, 

applied engineering, and management—as well as the 

traditional electrical/electronic, drafting-CAD/CAM, 

construction, manufacturing, and computer 

technologies. In 2009, with the approval of the Council 

for Higher Education Accreditation (CHEA), NAIT 

became the Association of Technology, Management, 

and Applied Engineering (ATMAE), charged with 

accrediting associate, baccalaureate, and master’s–level 

programs that do not lead to degrees titled 

“engineering”, such as the Bachelor of Engineering, or 

discipline-specific degrees, such as the Bachelor of 

Science in Civil Engineering.  
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 A significant number of graphics-oriented 

programs have sought and gained accreditation through 

ATMAE. Table 1 shows a current distribution of 

academic programs by general area. These data include 

associate and baccalaureate programs; a number of 

schools contain more than one accredited program. 

Although ATMAE has recently been approved by 

CHEA to accredit master’s programs, no program has 

yet sought such accreditation. 

 

ATMAE Accreditation of Graphic Programs 

Curriculum Programs 

Drafting 16 

Design 34 

Graphic Communication 5 

Web/Internet Technologies 6 

Computer/Technical Graphics 9 

CAD/CADD 21 

Total 91 

 
Table 1. ATMAE Graphics Accreditation as of 2009. 
 
 The wide range of disciplines accredited by 

ATMAE is a reflection of the non-proscriptive nature 

of its accreditation  standards. A helpful way to look at 

ATMAE accreditation is as an extension of ISO 9000 

certification and continuous improvement. Rather than 

ATMAE specifying what you have to do to gain its 

stamp of approval, its standards promote each program 

establishing evidence that it is accomplishing its 

mission, assessing its outcomes, and implementing 

methods for continuous improvement. 

 To aid in the accreditation process, ATMAE makes 

available the 2010 Accreditation Handbook for 

download at http://www.atmae.org/.  

 

II. Why Accreditation? 
 
 Accreditation provides a vital tool for curriculum 

development, evaluation, and improvement. It is an 

organized method of critical analysis—an ongoing 

process that has no precise conclusion—an iterative 

process that if done correctly, becomes the engine 

behind curriculum. You are never done with 

accreditation, only in the middle of a continuous 

improvement process. This lack of finite closure is, 

interestingly, antithetical to higher education where 

courses start and stop, students enroll and (hopefully) 

graduate, and probationary tenure periods come to a 

close. Faculties are often reluctant to engage in 

accreditation for a variety of reasons—most of which 

have nothing to do with program quality. One reason 

may be a fear of loss of academic freedom as 

accreditation often requires the standardization of 

certain aspects of curriculum documentation. This issue 

has been effectively addressed by Robert M. O’Neil in 

his paper “Academic Freedom and the Role of 

Accreditation,” presented at CHEA’s most recent 

summer workshop (O’Neil, 2008).  

 But the benefits of accreditation far outweigh any 

institutional overhead or faculty reluctance. In fact, 

most colleges and universities already require some 

form of recurring self-evaluation and institutions 

themselves undergo recurring accreditation. If timed 

correctly, the data-gathering and self-study homework 

for institutional review can form the basis for an 

external accreditation, such as that by ATMAE. Indeed 

many, if not all, institutions encourage discipline 

accreditation in addition to institutional accreditation 

such as that by North Central’s Higher Learning 

Commission (HLC, 2009) or the Southern Association 

of Colleges and Schools (SACS, 2009). The reasons for 

making discipline accreditation integral to a program’s 

day-to-day operation are persuasive.  

 It is often helpful to look outside traditional 

engineering and technology disciplines—to health-

related disciplines, for example—to understand the full 

breadth of accreditation benefits. The Association for 
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the Accreditation of Human Research Protection 

Programs (AAHRPP, 2009) clearly outlines the 

strengths of accreditation. These benefits include: The 

highest possible standards and protections, an assurance 

of quality, improved efficiency and effectiveness, a 

competitive edge, government recognition, and public 

trust and confidence. Driscoll and Ramaley (2006), in 

their work on the relationship between accreditation 

and assessment, stress that faculty ownership is critical 

in any successful accreditation enterprise. Getting 

faculty buy-in early in the accreditation process is a 

good predictor of eventual success. 

 Accreditation establishes one of the few measures 

of validation available to programs in higher education. 

Students, parents—and increasingly legislators and 

boards of regents or trustees—are looking for measures 

that their investments are well spent. There is an 

automatic benefit in promoting an accredited program. 

But more fundamental and structural, accreditation 

allows you determine if you are doing what you should 

and to what level of success. 

 
III. ATMAE Accreditation Process 

 
 Accreditation requires a commitment of financial 

and human resource and should be entered into with the 

full support of the faculty, departmental administration, 

and college and university leadership. Without 

universal agreement as to the importance of 

accreditation, the process will be unproductive at best 

and destructive at worst. Consider the process to take 

two years from the time a letter of interest is delivered 

to ATMAE until a final ruling by the ATMAE Board of 

Accreditation. 

 The following sequential list of activities describes 

the process of seeking and achieving ATMAE 

accreditation: 

The Letter of Interest. An initial letter of interest 

establishes that the program(s) in question are 

appropriate for ATMAE accreditation. 

Consultant Visitation. ATMAE maintains a list of 

qualified consultants who advise the program as to 

readiness for accreditation and may suggest solutions to 

shortcomings. 

Schedule the Accreditation Visit. With the aid of the 

ATMAE office, the program schedules a three-day 

period for the accreditation team visit. 

The Self-Study. With assistance from faculty, students, 

graduates, and the program’s industrial advisory board, 

a self-study is prepared that carefully follows the 

published ATMAE Accreditation Handbook (ATMAE 

2010). The self-study is delivered to ATMAE in 

advance of the accreditation visit. 

The Accreditation Visit. On the proscribed day, an 

ATMAE accreditation team, carefully chosen to 

evaluate the program(s) in question, visits the 

institution. Information in the self-study is compared to 

the condition of the program(s) in situ. 

The Initial Findings. At an exit interview, preliminary 

accreditation findings of the visiting team are 

communicated to the host institution. 

Board of Accreditation Action. At the annual 

conference of ATMAE, normally held in November, 

the preliminary findings are acted upon by the Board of 

Accreditation. A final ruling as to accreditation is 

determined by the board. 

 
IV. ATMAE Standards and Outcomes 

 
 Two parallel approaches to accreditation are 

currently available through ATMAE: a standards-

based accreditation and an outcomes-based 
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accreditation. The standards model includes sixty-two 

separate criteria. The outcomes model includes 

nineteen outcomes. Programs who have already 

implemented an outcomes assessment approach to 

institutional evaluation are often well-suited for 

ATMAE’s outcomes assessment model. Programs that 

have not identified and validated outcomes, or 

implemented an assessment loop that guarantees 

continuous improvement, should opt for the traditional 

standards.      

 
V. Graphics Programs and ATMAE Accreditation  

 
 The nature of graphic programs make them well-

suited for ATMAE accreditation, especially under an 

outcomes-based approach. Because graphics is product 

(outcome) intensive, there is a natural outcomes 

orientation. Due to the tool nature of graphic 

production (once analog and now almost exclusively 

digital in nature) competencies that contribute to the 

attainment of the outcomes are quickly identified. And 

finally, graphic technology programs are generally 

driven by industry standards and practices, as validated 

by active industrial advisory boards. When taken 

together, these characteristics make the accreditation of 

graphic programs under ATMAE standards appropriate 

and highly likely. 

 By far, the greatest stumbling block to ATMAE 

graphics program accreditation is a particular quirk in 

ATMAE’s accreditation requirements. ATMAE 

accredits degree programs, not groups of courses. If a 

degree program has multiple options or concentrations, 

all must be considered for accreditation at the same 

time. For example, consider a degree titled Bachelor of 

Science in Technology, with concentrations in 

computer graphics, distribution, and industrial health. 

The graphics concentration cannot be considered for 

ATMAE accreditation alone. Each concentration must 

be evaluated individually, and each concentration must 

carry its own accreditation. This impacts graphics 

because quite often graphics is not a degree program of 

its own. 

 Accreditation of Associate Degree programs is 

relatively straight forward under both prongs of 

ATMAE accreditation.  However, Baccalaureate 

accreditation through ATMAE assumes both discipline 

and management foci. This can present a problem 

because the vast majority of course work has 

traditionally been dedicated to understanding and 

implementing, as opposed to managing, graphic 

technologies. For example, ATMAE standards in 

foundation requirements expect from 12 to 24 credit 

hours in management (4 to 8 courses). This could 

include quality, production planning and control, 

supervision, facilities planning, project management, 

contracts and copyrights, and marketing. Some 

faculties might be reluctant to give up technology-

intensive hours for management. 

 There exists no set number of standards that a 

program may be in non-compliance with before 

accreditation is denied. An ATMAE accreditation 

consultant can identify where a program might be at 

issue with current standards and propose solutions, 

always keeping in mind that every program is unique 

and that some institutional rules and regulations might 

always be at odds with ATMAE accreditation.  

 
 

VI. Conclusion 
 

 Accreditation is a powerful tool in the validation 

and continuous improvement of academic programs. 

The Association of Technology, Management, and 

Applied Engineering (ATMAE) provides a clear path 

for programs across the spectrum of graphic 

technologies to critically look at their educational 

enterprise, and implement assessment practices that 

achieve a variety of positive ends.  
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ABSTRACT - In 2004, the author obtained a grant 

from the National Science Foundation to test the 

curricular materials previously developed for use with 

first-year engineering students with audiences outside 

engineering. One of the audiences with which the 

materials were tested was students in middle and high 

school. In these studies, the students demonstrated 

significant improvements in spatial skills and rated the 

materials favorably in terms of ease of use and 

fostering understanding. This paper outlines the results 

obtained from a longitudinal study that was recently 

conducted whereby grades in follow-on mathematics 

and science courses were examined for each group of 

students. In each case, a similar comparison group was 

identified and their performance in these follow-on 

courses was also examined. 

 

I. Background 

According to the Social Cognitive Career Theory, 

one of the most significant predictors of career choice 

is self-efficacy. From cognitive psychology, it is known 

that self-efficacy is formed by a person’s experiences in 

four domains—mastery experiences, vicarious 

experiences, social persuasions, and physiological 

states. Mastery experiences occur when a person 

successfully completes a specific type of problem or 

task. Previous successes lead a person to believe that he 

or she can tackle a similar problem in the future. 

Vicarious experiences occur when an individual sees 

someone else completing a task (i.e., a model) and 

believes that she or he could perform equally as well. 

Social persuasions include the supporting people in an 

individual’s life—teachers, mentors, peers, or parents. 

If parents or teachers send messages regarding an 

individual’s ability to perform certain tasks, that person 

begins to believe that they are indeed capable of 

performing the task. Finally, if a person has a 

physiological reaction to a task, such as a feeling of 

anxiety when taking a test, then this physical state 

impacts their ability to perform the task. 

Self-efficacy refers to a person’s belief that he or 

she is capable of taking action to achieve a certain goal, 

such as completion of a college degree. Self-efficacy is 

more than just self-confidence, and is situation specific 

and therefore can be examined related to career goals or 

subject-matter goals. For example, Britner and Pajares 

(2006) performed a study of self efficacy in middle 

school students, supporting the notion that mastery 

experiences signicantly predict “science self-efficacy”.  

The concept of self-efficacy has by researched within 

numerous situations, including computer self-efficacy, 

math self-efficacy, health behavior self-efficacy and 

Engineering self-efficacy.  Engineering self-efficacy is 

a person’s belief that they could successfully navigate 

the engineering curriculum and eventually become a 

practicing engineer.  Numerous studies examining the 
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role of self efficacy in students’ pursuit of engineering 

careers have generally found a positive correlation 

between self-efficacy and academic achievement in 

engineering disciplines.  For example, it has been found 

that one’s self-efficacy beliefs influence effort, 

persistence, and perseverance in goal attainment (i.e., 

Bandura & Schunk, 1981; Bouffard-Bouchard, 1990; 

Schunk & Hanson, 1985).  Similar findings reveal that 

high self-efficacy beliefs influence the academic 

persistence necessary to maintain high academic 

achievement amongst college students enrolled in 

science and engineering courses (i.e., Lent, Brown, & 

Larkin, 1984; 1986) 

In developing self-efficacy beliefs, it is likely that 

spatial skills play a role in the mathematics and science 

courses in which our students enroll. Since most STEM 

fields are highly visual, it is likely that students with 

poorly developed spatial skills will have few “positive” 

mastery experiences in these subjects. Poor mastery 

experiences will therefore lead to poor self-efficacy 

beliefs regarding these topics in school. Based on their 

self-efficacy beliefs, students are likely to do poorly on 

their next assignment, reinforcing their poor self-

efficacy. Theoretically, improving self-efficacy beliefs 

where spatial skills are a factor will in turn likely lead 

to improved performance and motivation for study. 

 

II. Current Study 

In 1998, nine multimedia software and workbook 

modules were developed with funding from the 

National Science Foundation aimed at helping students 

improve their 3-D spatial skills. The nine software and 

workbook modules are:1) isometric sketching, 2) 

orthographic projection, 3) paper folding, 4) rotation of 

objects about one axis, 5) rotation of objects about one 

or more axes, 6) reflection and symmetry, 7) cross-

sections of solids, 8) surfaces and solids of revolution, 

and 9) combining solids. The software and workbook 

were used successfully in interventions with first-year 

engineering students over the past ten years and have 

been the topic of several papers presented at previous 

EDGD conferences. Beginning in the spring of 2005, 

the materials have been tested through a series of 

studies conducted with pre-college students. The recent 

studies were conducted with students in the middle 

school (approximate age of 13 years) and with students 

in the high school (approximate age of 16 years). 

In October 2004, the author was awarded a 

research grant from the Gender in Science and 

Engineering program at the National Science 

Foundation. The purpose of this previous grant was to 

test the materials developed by Sorby and Wysocki 

with audiences other than first-year engineering 

students. One of the studies conducted through this 

grant was aimed at undergraduate students in majors 

outside engineering. Subjects in this study were 

primarily majoring in either computer science or 

biology (the two largest non-engineering majors at 

Michigan Tech) and the most significant finding from 

this study was that the software alone does not help 

students develop their 3-D spatial skills as well as when 

it is used in conjunction with the workbook. 

Two other audiences were tested with this previous 

grant—middle school students in an integrated 

technology course and high school students in a 

geometry course. The software and workbook were 

found to be appropriate for use with both of these age 

groups through rigorous assessment. Students enjoyed 

working with the materials and their spatial skills 

improved significantly on a number of tests of spatial 

cognition.  

Studies with Middle School Students 

In the studies with middle school students, the 

materials were pilot-tested in spring 2005 and were 

again used in 2006 and 2007 during the regular 

offerings of an integrated technology course. Due to 
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scheduling irregularities, the pilot group consisted of 14 

honors 8th grade students; eleven of the students were 

female and three were male. In a longitudinal study 

conducted recently, grades and enrollment in follow-on 

math and science courses were examined. A 

comparison group, consisting of a “matched” group of 

honors students were selected who were a year younger 

than the pilot study group (i.e., they had been 8th grade 

students in 2004). In examining the longitudinal data, 

there were no significant differences in the grades 

obtained in follow-on math and science courses. All of 

the female students in both groups completed three 

years of high school math courses (only two math 

courses were required for graduation in Michigan at the 

time). 

In the high school science courses in which these 

students enrolled, it appears that the female students in 

the pilot group enrolled in advanced mathematics and 

science courses at a greater participation rate than did 

the female students in the comparison group. The 

difference in participation rate is significant at the 

90.5% confidence level. Table 1 contains the data from 

this longitudinal study regarding mathematics and 

science enrollment. 

 
Table 1. Enrollment in Advanced Mathematics and 

Science Courses 
 Pre-

Calculus 
Chemistry Physics Anatomy 

Pilot Group 
(n=11) 

8 
(73%) 

10 
(91%) 

7 
(64%) 

10 
(91%) 

Comparison 
Group 
(n=9) 

8 
(89%) 

6 
(67%) 

5 
(56%) 

4 
(44%) 

 
In 2006, the materials were used in the integrated 

technology course for middle school students and 

statistically significant gains on several tests of spatial 

cognition were obtained. In 2007, the materials were 

again administered to 8th grade students with one 

significant modification—additional problems in 

isometric drawing, orthographic projection, and object 

rotation were developed and included in the 

instructional materials for the course. These extra 

problems enabled students to have additional time on 

task for these difficult topics.  

There were four tests of spatial cognition 

administered to these students. One test measured 

mental rotation and a second test measured paper 

folding. The third test measured a student’s ability to 

perceive what a cross-section of a solid would look like 

if sliced with an imaginary cutting plane. The fourth 

test measured a student’s ability to understand 

isometric drawings from orthographic drawings and 

vice versa. The four tests were also administered to a 

similar comparison group in each year of the study. 

Correlations between test components were strongly 

significant, so a principal components analysis was 

used to combine the scores into one composite test 

score. Table 2 contains the results from this study 

disaggregated by gender.  

 
Table 2. Pre-/Post-test Results for Middle School 

Students 
Group Gender n Mean 

Pre-
Test 

Mean 
Post-
Test 

Average 
Gain 

Female 68 41.0% 44.4% 3.4% Comparison 
Group Male 73 42.8% 49.0% 6.2% 

Female 40 32.6% 43.4% 10.8% 2006 
Treatment 
Group 

Male 40 51.6% 65.1% 13.5% 

Female 28 49.4% 67.3% 17.9% 2007 
Treatment 
Group 

Male 24 59.2% 75.6% 16.4% 

 
The results from these studies indicate that the 

students who participated in the training activities had 

significantly higher gains in spatial skills compared to 

the students who did not undergo such training. 

Further, additional time on task solving spatial 

problems (2007 Treatment Group vs. 2006 Treatment 

Group) resulted in significantly higher gains for the 

124 2009  Erie, Pennsylvania



girls but not for the boys who participated in the 

studies, narrowing the gender gap somewhat. 

Studies with High School Students 

In 2006 and in 2007, high school students enrolled 

in a standard geometry course completed the 

visualization software and workbook exercises. A 

longitudinal study was recently completed for the 

students in the 2006 cohort. In this case, a comparison 

group was identified consisting of students who had 

completed geometry in 2004 with the same teacher 

(this particular teacher did not happen to teach 

geometry in 2005). In this high school, geometry is 

“normally” taken in the 10th grade; however, students 

who are advanced may take geometry in the 9th grade 

and students who are “behind” take geometry in either 

the 11th or sometimes the 12th grade. Students who 

complete geometry who wish to continue in 

mathematics will take Advanced Algebra in their junior 

year and Pre-calculus in their senior year. Students 

enroll in Biology typically in their sophomore or junior 

year and may enroll in Chemistry or Physics after that 

if they wish to continue in science. At the time of this 

study, the state of Michigan required only two years of 

math and two years of science for graduation. At this 

high school, students who are not on the math and 

science “track” will typically enroll in Applied 

Algebra, Physical Science, or Integrated Science to 

complete their math and science requirements for 

graduation. 

For the longitudinal study, grades in geometry as 

well as in several key advanced mathematics and 

science courses were noted. In this analysis, A=4.0, A-

=3.65, B+=3.35, B=3.0 and so on. Table 3 contains the 

average grades in select mathematics and science 

courses for students who were enrolled in geometry 

during 2004 (no spatial skills training) and in 2006 

(spatial skills training). 

 

Table 3. Average Grades in Select Math and Science 
Courses 

Course No Spatial 
Skills Training 
(2004 Cohort, 

n=57) 

Spatial Skills 
Training 

(2006 Cohort, 
n=44) 

Geometry 2.30 2.53 
Advanced 
Algebra 

2.01 2.10 

Pre-Calculus 2.62 2.97 
Biology 2.04 2.34 
Chemistry 2.77 2.52 
 

From the data presented in Table 3, it appears that 

the students who went through the spatial skills training 

received higher grades on average than those who did 

not. However, in analyzing the data by gender, it 

appears that the higher grades were all due to higher 

grades for the boys compared to the girls in the classes.  

In examining the data for the girls only, they were 

further subdivided into those who took geometry in 10th 

grade or earlier (on track) or those who took geometry 

in 11th grade or later (not on track). Table 4 includes 

enrollment data for these students. [In this table, 

percentages are computed as the percent of students in 

the original geometry course.] 

 
Table 4. Enrollment in Follow-on Courses 

No Spatial Skills 
Training 

Spatial Skills 
Training 

 

On 
Track 

Not On 
Track 

On 
Track 

Not On 
Track 

Geometry 22 
(100%) 

8 
(100%) 

11 
(100%) 

11 
(100%) 

Advanced 
Algebra 

16 
(73%) 

0 
(0%) 

7 
(64%) 

1 
(9%) 

Pre-
Calculus 

5 
(23%) 

0 
(0%) 

3 
(27%) 

0 
(0%) 

Biology 19 
(86%) 

0 
(0%) 

6 
(54%) 

5 
(45%) 

Chemistry 16 
(73%) 

0 
(0%) 

9 
(82%) 

1 
(9%) 

 
From the data presented in this table, it appears 

that the spatial skills training did not have a significant 

impact on girls enrolling in advanced mathematics and 

science courses for girls who were on track; however, it 
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appears that the spatial skills training could have 

positively impacted enrollment in advanced courses for 

the girls who were not on track. It should be noted that 

for the girls not on track, even though they attempted 

advanced courses, they were not always successful in 

these courses (3 of the 7 total attempts resulted in 

failure). It is likely that by the time these girls reach 

high school, their mathematics and science self-efficacy 

beliefs are firmly established and they succeed (or not) 

and enroll (or not) based on these beliefs. 

V. Conclusions 

In analyzing the results from these previous 

studies, the following observations can be made: 

• Spatial skills training appears to have a 

positive impact on middle school girls 

attempts at advanced math and science 

courses; however, it has little to no impact on 

this for high school girls. 

• More time on task for middle school girls 

helped to narrow the gender gap somewhat in 

spatial skills.  

• Spatial skills training did not positively impact 

grades in mathematics and science courses for 

girls in middle or in high school. 

Based on the results from this previous research, it 

appears that the optimal age for girls to participate in 

spatial skills training is likely in middle school. High 

school interventions may be too late for most girls who 

have firmly established their poor self-efficacy beliefs 

about mathematics and science. [It should be noted that 

in the previous studies conducted by Sorby with first-

year engineering students, that these young women, by 

virtue of their enrollment in an engineering program, 

already have well-established math and science self-

efficacy, meaning that the intervention helped them 

reinforce a belief that they already held about 

themselves and did not help them establish their beliefs. 

Thus, the intervention “worked” for these students 

where it may not have worked for the average high 

school girl in the same way.] 
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ABSTRACT - High school technology education 

programs aid in the preparation of future technologists 

and engineers and their success in higher education. 

One of the skill sets is the manipulation and creation of 

different graphics. This paper focuses on a recent study 

at Purdue University that was part of the National 

Science Foundation funded project:  Enhancing 

Visualization Skills—Improving Options aNd Success 

(EnViSIONS).  The bridge program, which bridges the 

high school and college experiences for incoming 

university freshman, was the Academic Boot Camp 

(ABC), and consisted of minority and lower-economic 

students. This portion of the EnViSIONS project studied 

a case study of high school students’ abilities to 

visualize graphics both prior to any formal lessons in 

their program and again after using materials provided 

from the EnViSIONS project. The study first measured 

participants’ abilities to visualize graphics prior to 

introducing the spatial visualization materials and 

again after exposure to the materials.  This paper will 

report on the findings of this research, any pre-existing 

factors that may have influenced student performance, 

and insights on introducing spatial visualization to high 

school student. 

 

 

I. Gender differences 

in spatial visualization skill sets  

According to several studies, it appears that the 3D 

spatial visualization skills of men are highly developed 

compared to women. (Stafford, 1972; Hier & Crowley, 

1982; Fennema & Sherman, 1977; Tartre, 1990). 

Fennema & Sherman (1977) believe that environmental 

factors are the most significant, while Tartre (1990) 

finds that differences in spatial skills may be due to 

math performance. Stafford (1972) asserts that spatial 

ability is a recessive characteristic on the X-

chromosome, and Hier & Crowley (1982) assert that 

spatial ability is related to a male sex hormone. Gender 

differences in spatial skills is most likely related to 

several influences.  Research in specific post-secondary 

activities have determined that there is evidence of 

specific types of activities that help students improve 

their visualization skills (Deno, 1995; Leopold, Sorby, 

& Gorska, 1996; and Medina, Gerson, & Sorby, 1998). 

The activities that require eye-to-hand coordination are 

highly biased in favor of men. These activities are: (1) 

engaging in 3D computer games, (2) playing with 

Legos, blocks, Erector sets as a young child, (3) taking 

mechanics, drafting, or shop in middle school or high 

school, (4) participation in several sports, (5) having 

well-honed skills in math (Bowers & Evans, 1990; 
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McKim, 1980; Sorby & Baartmans, 1996; and Sorby & 

Gorska, 1998).  

 

II. Introduction to Purdue University’s 

Academic Boot Camp 

 Purdue University’s Academic Boot Camp (ABC) 

is a five-week bridge program for recent multicultural 

high school graduates who have been admitted into the 

College of Technology, Engineering, or Science at 

Purdue University, West Lafayette, Indiana. Historical 

data has shown that students are often faced with a 

wide range of issues that may cause their first semester 

in college to be especially challenging. As the first 

semester is so crucial both to a student's college 

experience and their GPA, the College of Technology 

the College of Engineering and the College of Science 

partner together to coordinate the Academic Boot 

Camp (ABC) program. The ABC students are 

introduced to college level work, and the academic 

tools needed to succeed in their respective colleges.  

The students receive a jumpstart to classes in 

mathematics, English, time management, and discipline 

specific classes.  

 For five weeks in the summer, multi-ethnic 

students already accepted and planning to attend 

Purdue in the fall are given a chance to experience the 

coursework, lifestyle, and the pace of college life at 

Purdue University. A variety of courses specifically 

designed for the ABC program give students a better 

understanding of where their strengths lie, and where 

and how to get help in weaker areas. 

 The participants in the study were 18 years of age, 

predominantly male (64%), and predominantly 

minorities. Nine of the participants were African-

American or of African decent (64%), Three (21.5%) 

were Hispanic, one was Caucasian (7%), and one was 

multi-cultural (7%). All participants were enrolled at 

Purdue University for the fall 2008 semester.  

III. Spatial Visualization Curriculum 

 The spatial visualization curriculum was integrated 

as part of an existing non-credit 5-week summer 

workshop offered as a part of the ABC. The Spatial 

Visualization section of the camp curriculum included 

four major concepts from the National Science 

Foundation EnVISIONS grant curriculum: (1) 

isometric projection, (2) orthographic projection, (3) 

flat patterns, and (4) rotational graphics. The 

EnVISIONS materials were covered in five weeks of 

one-hour sessions each day. The curriculum consisted 

of Powerpoint presentation lectures, hands-on block 

demonstrations and exercises, VIZ website access, and 

hands-on exercises in the Sorby and Wysocky 

workbook (2003). Additional self-directed learning 

materials such as the VIZ website and interactive CD 

from the workbook were supplementary resources for 

the four concepts. 

 

IV. Methodology 

 Four of the 18 students did not participate in the 

post-test and were excluded from the data analysis. The 

participants were admitted as science and technology 

majors.  

 Participants were initially introduced to the NSF 

research project and their participation rights in the 

study. A pre-test was given, which consisted of the 

Purdue Spatial Visualization Test (PSVT:R), a subset 

of 10 questions from the Mental Cutting Test (CEEB, 

1939), and a modified Lappan Test (Lappan, 1981). 

 Each concept was introduced with a lecture, class 

discussions, and hands-on activities with plastic blocks 

that coincided with the corresponding workbook 

exercises. The exercises were begun during class time 

and finished as homework. Some students finished their 

homework in their dormitory, and some took advantage 

of the nightly tutoring sessions. The first two concepts 

were introduced by a Purdue professor. The remaining 

128 2009  Erie, Pennsylvania



concepts were introduced by a teaching assistant who 

was hired by the Technology Diversity Office. At the 

end of the 5-week session, a post-test was given. 

Fourteen participants completed the post-test, which 

was a duplicate of the pre-test. 

 

V. Findings  

 As mentioned earlier, the attrition rate for the study 

was higher than desired by the researchers.  However, 

of those participants who completed the visualization 

course, seven (39%) were female and 11 were male 

(61%).  The entire course focused around the 

visualization materials and was not a unit within a 

larger curriculum.   

 Since the entire course focused on the visualization 

curriculum the researchers noted some differences in 

the end of course averages.  The end of course averages 

were derived from homework, class work, hands-on 

experiences, and tests; however, individuals who were 

course completers did not necessarily participate in all 

pre- and post-tests—as these were not considered in 

their final end of course assessment.  The average end 

of course average for the female population was 0.58 

on a 4.0 scale (or the curved grade of D).  The average 

end of course average for the male population was 2.37 

on a 4.0 scale (or a curved grade of B).  The overall end 

of course average for participants, both male and 

female, who completed the course was 1.67 on a 4.0 

scale (or a curved grade of C). 

 n 
Numeric 

Average 

Scale 

Used 

Original 

Grade 

Average 

Curved 

Grade 

Average 

Male 11 2.37 4.0 C B 

Female 7 0.58 4.0 F D 

Group 18 1.67 4.0 D C 

Figure 1. Grades for the course 

In addition to the end-of-course assessment, researchers 

also looked specifically at the differences in scores 

between female and male participants on three pre- and 

post-tests.  Each participant who completed the study 

(not the course) took both a pre- and post-Mental 

Cutting Test, Purdue Spatial Visualization Test, and 

Lappin Visualization Test.  

 Results of the Purdue Spatial Visualization Test 

(PSVT:R) showed a slight increase in scores of both 

male and female participants.  There were a total of 

30.00 points possible on both the pre and post 

assessment for the PSVT:R.  Male participants attained 

an average of 19.55 points on the pre assessment and 

average of 21.28 points on the post assessment—

showing a slight gain of 1.73 points from pre to post 

assessment.  Female participants attained an average of 

13.25 points on the pre assessment and an average of 

13.75 points on the post assessment—showing a slight 

gain of 0.25 points from pre to post assessment.  

Overall male and female participants combined  

showed an average of 1.17 point increase between pre 

and post assessment on the PSVT:R.   

  PSVT:R 

 n Pre Post 

Total 

Points 

Possible 

Point 

Gain 

Male 10 19.55 21.28 30.00 +1.73 

Female 4 13.25 13.75 30.00 +0.25 

Group 14 14.89 16.06 30.00 + 1.17 

Figure 2. Purdue Spatial Visualization Test results 

 

Results of the Mental Cutting Test (MCT) also showed 

a slight increase in scores of both male and female 

participants.  There were a total of 10.00 points 

possible on both the pre and post assessment for the 

MCT.  Male participants scored an average of 5.90 
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points on the pre assessment and average of 6.20 points 

on the post assessment—showing a slight increase of 

0.30 points from pre to post assessment.  Female 

participants scored an average of 3.25 points on the pre 

assessment and an average of 3.50 points on the post 

assessment—showing a slight increase of 0.25 points 

from pre to post assessment.  Taken as a whole, male 

and female participants combined showed an average 

of 0.14 point increase between pre and post assessment 

on the Mental Cutting Test. 

  MCT 

 n Pre Post 

Total 

Points 

Possible 

Point 

Gain 

Male 10 5.90 6.20 10.00 + 0.30 

Female 4 3.25 3.50 10.00 + 0.25 

Group 14 5.29 5.43 10.00 +  0.14 

Figure 3. Mental Cutting Test results 

 

 Not unlike the previous two assessments, results of 

the Lappin Test also showed a slight increase in scores 

of both male and female participants.  There were a 

total of 10.00 points possible on both the pre and post 

assessment for the Lappin Test.  Male participants 

scored an average of 6.40 points on the pre assessment 

and average of 6.70 points on the post assessment—

showing a slight increase of 0.30 points from pre to 

post assessment.  Female participants scored an average 

of 3.50 points on the pre assessment and an average of 

3.50 points on the post assessment—showing a slight 

increase of 0.25 points from pre to post assessment.  On 

average, male and female participants combined 

showed a mean 0.14 point increase between pre and 

post assessment on the Lappin Test. 

  Lappin 

 n Pre Post Total Point 

Points 

Possible 

Gain 

Male 10 6.40 6.70 10.00 + 0.30 

Female 4 3.50 4.00 10.00 + 0.50 

Group 14 5.79 5.93 10.00 +  0.14 

Figure 4. Lappin Test results 

 

 In the initial introduction of the isometric 

projection concept, only a couple of the students built 

the 3D forms out of the blocks without any help. They 

were both male. One was a multi-cultural male who 

was half American Indian, and a computer graphics 

technology major. The other was a Hispanic male who 

said he wanted to major in physics at Purdue 

University. The Hispanic male continued to lead the 

class and help the other students with the block 

exercises. Five of the females were struggling with 

translating the 2D drawings to the 3D blocks. “I can’t 

do this!” and “I am not good at this,” were comments 

heard the first day of the hands-on activities. It should 

be noted that the student with the highest grade in the 

course (the multi-cultural male) did not complete the 

post-test. 

VI. Conclusions 

 End-of-assessment scores on the teaching 

effectiveness for the teaching assistant (TA) in charge 

of the majority of the subject matter instruction in the 

ABC camp were not as high as some other camps that 

are sponsored by the College of Technology at Purdue 

University.  Scores indicated that the majority of the 

participants did not perceive the teaching assistant as 

effective.  The teaching assistant was knowledgeable in 

the area of visualization and graphics; however, had 

limited experience in teaching in the area of 

visualization and graphics, and did not have experience 

working with or teaching high school students. A curve 

was applied to the grading system to accommodate this 
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obstacle.  It is suggested that in future studies of this 

nature that TA’s have experience working with and 

teaching high school students and their maturity levels, 

or that they go through a “Teaching High School 

Students Boot Camp” of their own prior to the ABC. 

 It should also be noted that participants involved in 

the course/study were only offered positive 

reinforcement for excelling in the course.  There was a 

scholarship given to the student with the highest grade 

point average in the course; however, only for the top 

student.  When students realized that they were not the 

top performer, it affected their motivation to do well.  

In addition, students were not receiving college credit 

for their participation; therefore, were not held 

accountable for poor performance.   

 Although a slight increase in assessment scores 

between pre- and post-testing occurred in the PVST:R, 

MCT, and Lappin Tests was noted, based upon the 

number of participants in the study statistical analysis 

of results cannot be applied to the general population.  

It is suggested that the study be repeated with other at-

risk high school students across the nation to gain a 

population large enough so statistical treatments can be 

applied and generalized, and a comparison of ethnic 

groups can be applied.  
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ABSTRACT - Visualization skills are believed to be a 

strong indicator of success in engineering, science, and 

a variety of other careers. Previous studies have 

compared the visualization skills of first year 

engineering students in the US with their cohorts in 

Europe and Brazil, but to date there have been no data 

reported for developing countries in Africa. Studies 

have shown that training can enhance visualization 

skills in a relatively short time. This paper will report 

on the results of a study of first year engineering 

students at the Polytechnic of Namibia that have been 

exposed to a short course to improve visualization 

skills.  

 

I. Introduction 

 Numerous studies have shown that spatial 

visualization skills are important to success in many 

fields of science and engineering (Hake, 2002; Hamlin 

et al., 2006; Hegarty & Kozhevnikov, 1999; Hsi, 1997; 

Miller & Bertoline, 1991; Pleck, 1991; Sorby, 2000). 

Factors that affect visualization skills include playing 

with construction toys, participation in certain sports, 

previous drafting experience, gender, (Baartmans & 

Sorby, 1993; Leopold, 2005; Silverman et al., 2007). 

These factors may also be affected by socio-economic 

and cultural differences. Thus we can anticipate that 

students entering engineering studies at African 

universities may have differing abilities when 

compared to their peers in the industrialized nations. 

 Engineering education is recognized as a key factor 

for the economic development of African countries 

(Mangena, 2006). As developing countries work 

towards improving their educational systems, it is 

imperative that they include elements in the curriculum 

to enhance skills which are critical to the success of 

students in engineering courses, including visualization 

skills.  

II. Background 

 This section includes information on the history of 

engineering at the Polytechnic of Namibia, recent 

changes in engineering graphics curricula, and a brief 

survey of instruments used to test visualization skills. 

 Polytechnic of Namibia – The Polytechnic of 

Namibia (PoN) was established in 1994, with roots 

from the former Technikon and College for Out-of-

School Training. These institutions offered programs at 

the diploma and certificate level. The Polytechnic 

offers one- and two-year National Certificates, three-

year Diploma and four-year Bachelor of Technology 

programs in civil, electrical (power), electronics, 

mining and mechanical engineering. The Bachelor of 

Engineering program for civil engineering was added in 
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2008, and BE programs for electrical and mechanical 

engineering in 2009.    

 Recent Changes in Graphics Curricula – 

Researchers generally agree that spatial visualization 

skills are enhanced by sketching 3D and manipulating 

physical 3D objects. Traditionally, engineering 

graphics included a strong component of descriptive 

geometry and sketching. Since the advent of computer-

aided design systems in the early 1980s, nearly all US 

engineering schools eliminated courses in descriptive 

geometry, and most schools also eliminated manual 

drafting and sketching in their introductory graphics 

courses. Universities around the world have followed 

suit. As a result, there has been a noticeable decline in 

the visualization skills of engineering students.  

 These changes may be further compounded by 

societal influences affecting incoming students. 

Children spend less time playing with manipulative 

toys, taking apart mechanical devices, and similar 

activities in favor of electronic toys and entertainment. 

Leopold (2005) reported that engineering students in 

2004/5 entered university with poorer visualization 

skills than students entering a decade earlier.  

 Early studies indicated that CAD courses might 

enhance spatial skills (Miller, 1992); however, more 

recent studies indicate that 3D CAD experience alone 

does not seem to enhance visualization skills (Leopold, 

2005; Sorby & Gorska, 1998; Sorby, 2000).   

   

 Tests to Measure Spatial Skills – Gorska and 

Sorby report on several visualization testing tools 

(2008).  The Purdue Spatial Visualization Test (PSVT) 

includes three sections covering developments, object 

rotations and perspective rotations (Guay, 1977). Most 

graphics researchers use only the object rotations 

portion, PSVT-R. In this test, an example object is 

shown in two isometric views; a second object is 

presented with five alternative views, one of which 

represents the second object subjected to the same 

rotation as the example.  A sample problem from the 

PSVT-R is shown in Figure 1.  

 

 
Figure 1. Example problem from the PSVT-R 

 

 Vandenburg and Cruz (1978) developed a Mental 

Rotations Test (MRT) which presents a criterion figure 

shown along with four candidate figures, two of which 

represent the criterion figure in a rotated position. An 

example question from the MRT is shown in Figure 2. 

 

 
Figure 2. Example problem from the MRT. 

 

 The Mental Cutting Test (CEEB, 1939) presents a 

3D object with an imaginary cutting plane and five 

possible solutions for the cross-section shape, as shown 

in Figure 3. This test is widely used in Europe, Japan 

and the US.  

 

 
Figure 3. Example problem from the MCT. 
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III. International Benchmarking 

 Much work has been done in recent years to assess 

the spatial skills of engineering students. Table 1 shows 

results reported in the literature; most work has been 

reported by industrialized nations including the US, 

Australia, Japan, China, Poland, Germany, and Spain. 

Developing countries such as Brazil and Malaysia are 

also included, however, no information could be found 

regarding spatial skills assessment of any populations 

in Africa, including studies of the general population.  

 The sample populations in these studies represent 

incoming freshmen engineering students unless 

otherwise noted. Most US researchers have used the 

PSVT-R to measure visualization skills, whereas the 

MRT and MCT are commonly used elsewhere. Some 

international research teams have used multiple 

instruments at universities in the US, Europe and 

Brazil, (Leopold et al., 2001; Medina et al., ), enabling 

general comparisons between the US and other 

countries.   

 In general, the average scores of the PSVT-R are 

consistently reported to be around 75% across US four-

year engineering universities; many other studies report 

similar data but have not been included here for the 

sake of brevity. The notable exceptions discovered in 

this investigation are Virginia State University, a 

university that historically enrolled formerly 

disadvantaged students (49%) and Essex County 

College, a two-year community college with a pre-

engineering program (64%).  

 Average scores for the MRT are comparable for 

universities in the US, Poland and Germany, with 

slightly higher scores in Brazil and Malaysia, and lower 

scores in Spain. The results from the study by Geary 

(2001) were based on a general population of students 

(non-engineering), and thus the average scores are 

lower, but suggest that the populations in the US and 

China are comparable in visualization skills. 

 Results of the MCT test are comparable with an 

average around 60% for universities in the US, 

Australia and Europe; the lower scores for the EEM in 

Brazil may be due to the fact that the researchers did 

not use the CEEB MCT but a “similar” instrument 

(Medina et al., ). These results are reported here in 

order to demonstrate gender differences. 

   
Table 1. International Comparison of 
Spatial Skills of Engineering Students 

 
School 

or 
Country n Test 

Avg. 
Score 

% 
Source/ 

Comments 

MTU 
300 

PSVT-R 
80.6* Sorby & 

Baartmans, 1985 65 69.7 
MTU 98 PSVT-R 76.2 Sorby, 1997 
MTU 247 PSVT-R 50.5§ Sorby, 2001 
WCU 31 PSVT-R 73.3 Ferguson, 2008 
NCSU 249 PSVT-R 74.5 Branoff & 

Connolly, 1999 Purdue 69 PSVT-R 80.9 
US 8th 
grade  37 PSVT-R 64.3 

Parolini, 2006 
middle sch. hon. 

EssexCC 102 PSVT-R 64.1 Yue, 2006 

Indiana 203 PSVT-R 64.5 
Hake, 1995 
Physics/premed 

VSU 55 PSVT-R 48.7 Study, 2006 
Cracow 484 MRT 65 Gorska, 2008 
Sao 
Paulo 605 MRT 70 Seabra, 2008 
UKL 220 MRT 63.3 

Leopold, 2001 
Cracow 196 MRT 61.4 
MTU 55 MRT 61.3 

Spain  MRT 41.3 
Martin-Dorta, 
2008 

Malaysia 138 MRT ~ 70 Rafi, 2006 
UMC 66 MRT 38.4 Geary, 2001 

non-engineering Shanghai 40 MRT 39.2 
Cracow 360 MCT 60 Gorska, 2008 
Monash 91 MCT 64.5 Field, 1999 
UKL 220 MCT 63.7 

Leopold, 2001 
Cracow 198 MCT 59.8 
MTU 57 MCT 57.6 
Szent 
Istvan U 98 MCT 57.7 

Nemeth, 2007 
(Hungary) 

EEM 
Brazil 

 m-MCT 32.3* 

Medina  

 m-MCT 26.2 

MTU 
 MCT 54.3* 
 MCT 37.5 

* male students 
 female students 
§ students in remedial course (below 60% on pre-test) 
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 Gender differences comprise another significant 

factor in these studies. Although not reported here, 

many of the studies cited in Table 1 focused on gender 

differences and showed a significantly lower average 

score for females when compared to males. In an 

internet-based study of individuals in 40 countries 

(Silverman, 2007), females exhibited significantly 

lower scores than males on mental rotation tests across 

all ethnic groups; note that South Africa was the only 

African country included in this study. Much of this 

work has been focused on the debate regarding the 

source of these gender differences as genetic, 

environmental, cultural, or compound effects. Further 

discussion of gender-based differences are ongoing 

within the engineering graphics community, but are 

beyond the scope of this paper. 

 

IV. Enhancement of Visualization Skills 

 Sorby has shown that spatial visualization skills 

are a strong predictor of success in engineering (2001). 

Thus, engineering educators have devised a variety of 

approaches to improve the 3-D visualization skills of 

engineering students. In general, these methods involve 

increased sketching of 3-D objects, use of 

manipulatives (3D objects), computer graphics 

animations of rotating 3D objects. The reader is 

referred to the literature for details (citations).  

 Starting in the late 1980s, Sorby and Baartmans 

developed a remedial course to improve the spatial 

skills of students at Michigan Technological University 

(MTU). Students scoring below 60% on the PSVT-R 

were shown to have difficulty in their first engineering 

graphics course, and were thus encouraged to take the 

remedial course prior to attempting a graphics course. 

From 1993-1998, Sorby reported an average PSVT-R 

pre-test score of 50.9%, post-test score of 77% for 186 

students in the remedial course (2007). These efforts 

led to the publication of a text and workbook (Sorby et 

al., 2003). The workbook includes these modules:  

1. Isometric Sketching 
2. Orthographic Projection: Normal Surfaces 
3. Flat Patterns 
4. Rotation of Objects about a Single Axis 
5. Rotation of Objects about Two or More Axes 
6. Object Reflections and Symmetry 
7. Cutting Planes and Cross Sections 
8. Surfaces and Solids of Revolution 
9. Combining Solids 
 

 Results from MTU were reported for students in an 

updated course that utilizes visualization software in 

addition to the MTU workbook exercises (pre-test 

51.3%, post-test 77.8%, n=50; Hamlin et al., 2008). 

The gains in post-test scores show an improvement in 

spatial skills up to a level comparable with the overall 

average scores of incoming students. 

 Further work has been done at Penn State Erie, The 

Behrend College, on the development of software to 

enhance visualization skills (Blasko et al., 2004). The 

VIZ website contains the following tasks: 1) Mental 

Rotations, 2) Water Level, 3) Paper Folding, and 4) 

Spatial memory: Rotating Letters. 

  These highly successful teaching materials have 

been combined and adopted for testing at seven 

universities in the US through the EnViSIONS project. 

In addition to the workbook and software, instructors 

were also provided with PowerPoint presentations for 

each workbook module. Each university tested the 

software and workbook materials under a variety of 

conditions, with different cohorts of students. Details 

are discussed by Hamlin et al. (2009). Significant gains 

in spatial skills were measured in all cases.  

  

IV. Methods 

 Four modules of the EnViSIONS curriculum were 

selected for implementation at the Polytechnic of 

Namibia in early 2009. These modules were 

incorporated into the first year engineering graphics 
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course, which is taken by all entering engineering 

students in the bachelors program, including civil, 

electronic, electrical (power), mechanical and mining. 

The topics for these modules were isometric 

applications (sketching, axes, coded plans), 

orthographic applications (projection, sketching, 

orthographic to isometric transformations), and rotation 

of objects (modules 1, 2, 4 and 5). Students were 

presented with the lectures, followed by an open 

computer lab when the students could use the software. 

Attendance was not taken in the computer lab, 

however, students were strongly encouraged to 

complete the software exercises for each module prior 

to attempting the workbook exercises. Approximately 

half of the workbook exercises for each module were 

assigned and graded. The PSVT-R (Guay, 1977) was 

used as an assessment tool for both pre-test and post-

test. 

  

V. Results  

 A total of forty-one (41) PoN students completed 

the pre-test, workbook exercises, and post-test. Test 

results are shown in Table 2. With the use of only four 

modules from the EnViSIONS project, students showed 

a gain of nearly 12% in test scores on the PSVT-R.  

 

Table 2. PSVT-R Results for PoN Students 

 Pre-Test Post-Test 

Max 29 29 

Min 6 6 

Mean 15.66  19.15 

SD 5.77 5.8 

  

 Table 3 compares the results of pre- and post-tests 

for students at PoN with students at Purdue University, 

Virginia State University and Michigan Technological 

University. The Purdue students included 14 

Engineering and Technology Teacher Education 

students from all years who were presented with four 

modules from the EnViSIONS program, including 

isometrics, orthographics, flat patterns and rotations; 

lectures and optional computer exercises were included. 

The group of minority students from Virginia State 

University were given five sketching assignments on 

missing lines/missing views, isometric to multi-view 

sketching and section/auxiliary views while 

concurrently enrolled in an engineering graphics /2D 

CAD course. The MTU data represent results from a 

semester-long remedial course offered in the mid-

1990s. Percent gains for the PoN students were 

significant but still below gains made by students from 

VSU and MTU. This is not surprising due to the limited 

exposure of the PoN students to the visualization 

curriculum as compared to the MTU students. Gains for 

the VSU students may also be higher due to concurrent 

exposure to 2D CAD; PoN students were concurrently 

enrolled in engineering graphics course which included 

some descriptive geometry but no CAD. Other factors 

that may have influenced these differences, such as 

emphasis on grading and optional software use may 

also be influential. Gains for the Purdue students were 

small, probably due to the “ceiling effect” of starting at 

a high level, and the broader backgrounds and previous 

graphics experiences of these students.  

 

Table 3. Comparison of PSVT-R scores for selected 
differing cohorts and interventions 

 
School Pre-Test 

(%) 

Post-Test 

(%) 

Source 

PoN 52.2 63.8  

Purdue 66.7 80 Harris, 2009 

VSU 52.2 74.7 Study, 2006 

MTU 51 78 Sorby, 2007 

 

136 2009  Erie, Pennsylvania



VI. Conclusions 

 Spatial visualization skills of first year engineering 

students at the Polytechnic of Namibia are significantly 

lower than those of most students in industrialized 

countries, but comparable to cohorts of minority 

engineering students in the US. Based on studies of 

visualization skills within the general population in 

various ethnic groups, we hypothesize that these 

differences are due to factors of prior experience and 

educational background. With only limited exposure to 

a visualization curriculum, the PoN students exhibited 

significant improvement in visualization skills. Larger 

gains have been shown by students with similar pre-test 

scores but more exposure to various treatments 

including spatial skills development exercises and CAD 

instruction.  We recommend that training in spatial 

skills be continued and expanded for entering PoN 

engineering students.  
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ABSTRACT - Sketching and the use of manipulatives, 

along with other activities, has been shown to increase 

the visualization abilities of students who scored below 

the expected mean on the Purdue Spatial Visualization 

Test (PSVT). Because of the success of these activities, 

it was of interest to see if there was any correlation 

between haptic ability as measured by the Haptic 

Visual Discrimination Test (HVDT) and improvement 

in PSVT scores. Some students enrolled in courses that 

included activities specifically designed to improve 

their visualization abilities also volunteered to take the 

HVDT. The mean of the HVDT scores was within the 

norm for their age group. There was a positive 

correlation between PSVT scores and HVDT scores. 

The gain scores on the PSVT were negatively 

correlated with the HVDT scores.  

 

I. Introduction 

 Minority students who enroll in majors in the 

STEM fields have rates of retention and graduation that 

are lower than those of their non-minority peers (Tan, 

2002; White, 2005) and their overall numbers do not 

reflect their percentages in the United State population 

(Gibbons, 2008). As part of the effort to improve 

classroom success and retain students in their majors, 

several years of data have been collected on subjects 

enrolled in engineering and technology majors at an 

historically black university (HBCU). These students 

have traditionally performed well below the expected 

mean in their visualization abilities as measured by 

standard tests such as the Purdue Spatial Visualization 

Test (PSVT), the Mental Cutting Test and the Lappan 

test. Since visualization is an important component of 

success in STEM fields, efforts were made to improve 

these students’ visualization abilities and increase long-

term success in their studies. These students’ 

visualization test scores were found to increase 

significantly after completing specific class work and 

homework activities focused on remediation, including 

sketching and the use of manipulatives, throughout the 

course of a semester (Veurink, Hamlin, et.al., 2009; 

Study, 2009).  

 Many of the students who participated in the 

previous studies on visualization abilities also took part 

in additional research where they were administered the 

Haptic Visual Discrimination Test (HVDT). The 

HVDT is a standardized quantitative test that measures 

tactile sensitivity, spatial synthesis and the ability to 

integrate partial information about an object into a 

whole (McCarron & Dial, 1979).  

 Since sketching and the use of manipulatives was 

shown to increase the students’ posttest visualization 

scores, it was of interest to see if there was any 

correlation between haptic ability as measured by the 
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HVDT and improvement in PSVT scores for this group 

of students.  

  

II. The Tests in the Study 

 The Purdue Spatial Visualization Test: 

Visualization of Rotations (PSVT) is a 20 minute timed 

test that consists of 30 items of varying difficulty. 

There are four types of items; one type requiring 

rotation of 90° about one axis, another requiring 

rotation of 180° about one axis, one requiring rotation 

of 90° about two axes, and the fourth requiring rotation 

of 90° about one axis and 180° about another axis 

(Guay, 1976). An example is shown in Figure 1.  

 

Figure 1. PSVT (Guay, 1976) 

 

 The Haptic Visual Discrimination Test (HVDT) is 

individually administered and the subject sits across 

from the examiner at a testing table. An identification 

chart is placed in front of the subject along with a 

visual screen. The case containing the test objects is 

placed in a position where the subject cannot view the 

objects. The subject places their right hand through the 

opening in the visual screen and the examiner places an 

object in their hand. The subject is allowed to 

manipulate the object in their right hand without seeing 

it, and then is asked to point to the corresponding object 

on the identification chart with their left hand.  

 A picture showing the typical setup of the testing 

environment from the test examiner’s perspective is 

shown in Figure 2. There is no set time limit to 

administer the HVDT and the average time required by 

subjects in this study was 10 to 15 minutes. Scores 

were recorded on a standard score sheet by the 

examiner.  

  

Figure 2. HVDT setup from examiner’s perspective 

 

III. Test Results 

 The 143 PSVT scores used to calculate the grand 

mean were compiled from different studies including 

Veurink, Hamlin, et.al., (2009), and Study (2004, 2006, 

2009). The subjects were all engineering, engineering 

technology, or industrial technology majors enrolled in 

introductory engineering graphics courses at Virginia 

State University, an HBCU. The average age was 19, 

eighty-seven percent were male, and ninety-eight 

percent self-identified as black. The grand mean of the 

pretest PSVT scores for all subjects was 15.4 and the 

mean posttest score was 20.21.  

 The Haptic Visual Discrimination Test was 

administered to 40 subjects who had also participated 

in the courses with remediation intended to improve 

their visualization scores. The mean PSVT pretest score 

for these 40 subjects was 15.1 and the mean posttest 

score was 21.0, which was not significantly different 
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from the grand mean for all subjects in the previous 

studies.  

 The HVDT raw scores ranged from 23 to 41 with a 

mean of 34.85 and a standard deviation of 3.96. The 

mean was within the norm based on scaled scores.  

 For analysis, HVDT raw scores are converted to 

scaled scores with a scaled score of 10 representing the 

mean of raw scores. Scaled score deviations of 3 equal 

one standard deviation. A score within the range of 7 to 

13 indicates normal performance (McCarron & Dial, 

1979). Scaled scores for the age range of subjects in 

this study are shown in Table 1.  

 Although the mean of the HVDT scores was within 

the norm for the age range of the subjects, eight of the 

40 subjects scored below the range of normal 

performance. The mean pretest PSVT score for these 

eight subjects was 11 and the mean posttest score was 

18 which is still below the expected mean.  

 

 

Table 1. HVDT Table of Norms for Ages 17-Adult 

(McCarron & Dial, 1979) 

 

IV. Analysis 

 Previous analysis of the correlation between 

visualization abilities as measured by the PSVT and 

haptic abilities as measured by the HVDT showed no 

significant correlation (Study, 2001). However, that 

study only used pretest PSVT scores and the subjects 

were predominantly non-minority. Those subjects also 

had mean PSVT pretest scores that were at the expected 

mean, and HVDT scores that were at or above the 

range of normal performance for their age group.  

 The pretest PSVT scores for all subjects in the 

current study were positively correlated with HVDT 

scores at r = 0.533. The posttest PSVT scores were 

positively correlated with HVDT scores at r = 0.629. 

The gain between pre and posttest PSVT scores was 

negatively correlated with HVDT scores at r = -0.366. 

It must be noted that the mean gain score for those 

individuals who were below average in their HVDT 

scores was 7.0 while the mean gain score for those who 

were average or above average in their HVDT scores 

was 5.5.  However, there are not enough subjects in the 

study to make any statistical conclusions about this 

result.  

  

V. Discussion 

 Even though hands on activities had been shown to 

improve visualization abilities in subjects with below 

average scores on the PSVT, based on previous 

research findings it was expected that there would be 

little or no correlation between visualization ability and 

haptic ability as measured by scores on the PSVT and 

HVDT. However, for the subjects in this study, there 

was a positive correlation between the test scores 

indicating that normal to above average haptic abilities 

were associated with higher visualization abilities.   

 Those subjects who had haptic abilities that were 

below the norm for their age group, had visualization 

abilities that were lower than the mean of the other 

Scaled Age

Score 17-Adult

20

19 47-48

18 46

17 45

16 43-44

15 42

14 41

13 39-40

12 38

11 37

10 35-36

9 34

8 33

7 31-32

6 30

5 29

4 27-28

3 26

2 25

1 23-24
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subjects in this study. Also, note that the mean PSVT 

score for all subjects in this study is below the expected 

mean, which prompted the initial studies designed to 

improve their visualization abilities. Even though the 

visualization abilities of the subjects with low haptic 

abilities increased after remediation, the posttest PSVT 

scores were still below the expected mean for all 

subjects, and below the grand mean in this study. 

 The negative correlation between the gain scores, 

from pretest to posttest on the PSVT, and haptic ability 

indicates that subjects who are below the norm in their 

HVDT scores still benefited from the visualization 

remediation coursework. The students who had higher 

haptic abilities, tended to have higher pretest PSVT 

scores, thus the gain between their pre and posttest 

scores was less, a mean of 5.5 compared to the mean of 

7.0 for those with lower haptic abilities. It is not clear 

from these results which aspects of the coursework 

were most beneficial to the subjects with lower haptic 

abilities, because even though their mean gain scores 

were higher than those of the other subjects, their 

posttest scores were still below the expected posttest 

mean for similar subjects.  

 With only 40 test subjects who have taken both the 

HVDT and PSVT, and only 8 subjects who scored 

below the expected norm on the HVDT, it is not 

possible to draw any statistical conclusions at this 

point. Data will continue to be collected and analyzed 

to determine if the results of this study were an 

anomaly due to the small sample size.  
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ABSTRACT - The EnViSIONS (Enhancing 

Visualization Skills – Improving Options aNd 

Success) Project tested the spatial visualization 

materials developed at Michigan Technological 

University and Penn State University, the Behrend 

College, at six universities and a high school 

Project Lead the Way course.  As part of the 

project, students and instructors from five of the 

universities completed evaluation forms for each 

module they covered in the Introduction to 3D 

Spatial Visualization: An Active Approach 

workbook by Sorby and Wysocki.  The evaluations 

asked participants to rate the quality and 

appropriateness of the material covered as well as 

to indentify which components (i.e. Penn State 

Behrend VIZ website, workbook software, 

workbook, manipulatives) of the module were 

beneficial to their learning (or instruction) of the 

material and which strategies they used to master 

the material.  This paper will summarize results 

from both the student and instructor evaluations in 

order to benefit instructors using the materials and 

to guide improvements to the modules. 

 

I. Introduction 

The purpose of the EnViSIONS project is to 

demonstrate that successful programs developed at 

Michigan Technological University and Penn State 

University, the Behrend College, to improve spatial 

visualization skills can be successfully integrated 

and transferred to other universities. By removing a 

barrier to success for some women we hope to 

improve the retention and success rate of these 

students who go into STEM disciplines.  Through 

the EnViSIONS project, seven universities created 

a partnership to test the Penn State and Michigan 

Tech materials in a variety of trainings.  The 

success of the project was measured by assessing 

the gain in spatial visualization skills of students 

taking the curriculum and through the use of 

evaluation instruments completed by both students 

and instructors.   

The assessment of gains in spatial 

visualization skills after completing the trainings 

are reported in Veurink et al. (2009), Blasko, 

Holliday-Darr, and Trich Kremer (2009), Duff and 

Kellis (2009), and Connolly, Harris and Sadowski 

(2009).  This paper summarizes the evaluation 

instruments completed by the instructors and 

students taking the trainings. 

 

II. Background 

The spatial visualization materials developed 

at Michigan Tech and Penn State Behrend were 

given to each EnViSIONS partner.  Penn State 

Behrend developed the VIZ website 

(http://viz.bd.psu.edu/viz/) which has spatial 

visualization tasks such as the Mental Rotations 

Test and links to training resources.  Michigan 

Tech developed a spatial visualization course and 

provided each EnViSIONS partner with its lecture 

materials as well as the workbook used in the 
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course.  The Michigan Tech course uses the 

Introduction to 3D Spatial Visualization: An Active 

Approach workbook and software by Sorby and 

Wysocki (2003). 

These materials were adopted by each partner 

university in a variety of methods.  These methods 

ranged from offering a 1-credit stand alone spatial 

visualization course, modifying an existing 

graphics course to include spatial visualization, to 

offering a supplemental course to targeted students.  

The curriculum was also used in summer bridge-

type programs, a high school Project Lead the Way 

course, and in a teacher education course.   

Some of the EnViSIONS trainings used all of 

the materials provided: the VIZ website and the 

Michigan Tech course materials (power point 

lectures and course workbook and software).  

Some of the partners felt the software covered the 

material well enough and did not use the Michigan 

Tech lecture material.  Some did not have 

classroom computer access so they did not use the 

VIZ website and only demonstrated the workbook 

software for a few of the modules.  All of the 

trainings used the workbook exercises in the Sorby 

and Wysocki workbook.  More complete 

descriptions of the these trainings and the materials 

used can be found in Veurink et al. (2009),  Blasko, 

Holliday-Darr, and Trich Kremer (2009), Duff and 

Kellis (2009), and Connolly, Harris and Sadowski 

(2009). 

The Sorby and Wysocki workbook includes 

the following modules: 

1. Isometric Sketching 

2. Orthographic Projection: Normal Surfaces 

3. Flat Patterns 

4. Rotation of Objects about a Single Axis 

5. Rotation of Objects about Two or More 

Axes 

6. Object Reflections and Symmetry 

7. Cutting Planes and Cross Sections 

8. Surfaces and Solids of Revolution 

9. Combining Solids. 

In addition to these workbook modules, two of the 

universities used an additional module developed 

by Michigan Tech on the Orthographic Projection 

of Inclined and Curved Surfaces.  Some of the 

universities used all of the workbook modules, 

while others used just four or five of the workbook 

modules. 

 

III. Evaluation Instruments 

Students and instructors were asked to 

complete an evaluation instrument after completing 

each module.  The student evaluation instrument is 

shown in Figure 1.   

The instructor evaluation instrument was 

nearly identical to the student evaluation, for 

example, Question 3 on the instructor evaluation 

was “For my teaching purposes, the overall level of 

this module was . . .” Instructors were not asked to 

report strategies for completing the module but 

were instead asked if they modified the course 

materials for the module. 

Four of the universities completed the 

instructor module evaluation forms, while five of 

the universities completed the student evaluation 

forms representing seven different implementations 

of the EnViSIONS materials. 
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EVALUATION OF MODULE BY STUDENTS 
 

Please take a few minutes to fill out this evaluation form. 
Your responses will help us arrange future materials to fit 
the needs of students. 

 
Title of Module: ___________ ___________ 

 
1. Overall, how would you rate the quality of this module? 
   1     2    3                4             5 
 Poor       Fair   Good      Very Good       Excellent 
 
2. The length of the module with respect to the  
activities was: 
____too short ____appropriate ____too long 
 
3. For my learning purposes, the overall level of this 
module was: 
____too simple for my needs         ____appropriate to  
my needs ____too advanced for my needs 
 
 4. Each of the following was beneficial to my under- 
standing of the material* 

a. Instruction (lecture and demonstration) 
b. 3-D Spatial software  
c. Workbook Problem Sets  
d. VIZ website 
e. Manipulatives (e.g., blocks) 
f. Interaction with the instructor(s)/TA(s) 
g. Interaction with other students  

 
5.  Suggest improvements for this module: 

 
6.  During this module I worked:  
alone     in a group of 2    in a group of 3  
in a group of 4 or more 
 
7.  Briefly describe the methods or strategies that were  
most helpful to  you as you completed this module. 
 
*Students were asked to rate the items in question 4 as: 
Not Applicable, Strongly Disagree, Disagree, Agree,  
Strongly Agree 

Figure 1:  Student Module Evaluation Form 

 

IV. Student Evaluations 

The average student responses for each 

module of the curriculum are shown in Figures 2-7.  

The number of average student responses reported 

for each module varies, as some of the trainings 

covered only four or five of the nine workbook 

modules.  The average responses across all 

institutions for the first three questions are shown 

in Table 1 for each module.  

The overall quality of the modules, Question 

1, was consistently rated by the students as good to 

excellent at all institutions, except for the module 

on Rotations about a Single Axis.  As shown in 

Figure 2, this module also had the largest range of 

responses.  As shown in Table 1, when the 

responses were averaged across all institutions, 

modules 6) Reflections and Planes of Symmetry 

and 1) Isometric Drawings had the highest quality 

ratings of 3.9 and 3.8, respectively.  

 

 
Figure 2: Average student responses to module 
evaluation Question 1:  Module Quality.  Each 
symbol represents a different training of the 
curriculum. 
 

The average student responses to Question 2, 

the length of the module is shown in Figure 3.  A 

score of two indicates the length of the module is 

the appropriate length, a score less than two 

indicates the module was too short, and a score 

above two indicates the module was too long.  The 

lengths of the modules were appropriate for most 

of the students at all institutions as shown in Figure 

3.  As shown in Table 1, the modules on 

Orthographic Drawings, Single Axis Rotations, and  

Reflections and Symmetry had the highest score, 
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2.3, indicating students felt these modules were 

slightly too long.   

 

Table 1: Student responses to module evaluation 
questions 1-3, averaged over all institutions.  
Standard deviations are shown in parentheses. 

 Quality 
(5 pt. 
scale) 

Length 
(3 pt 
scale) 

Level 
(3 pt 
scale) 

Isometric 3.8 
(0.70) 

2.1 
(0.41) 

2.0 
(0.41) 

Orthographic 3.5 
(0.76) 

2.3 
(0.52) 

2.0 
(0.40) 

Flat Patterns 3.5 
(0.75) 

2.1 
(0.39) 

1.9 
(0.38) 

Single Axis 
Rotations 

3.3 
(0.95) 

2.3 
(0.52) 

2.1 
(0.33) 

Multi Axis 
Rotations 

3.6 
(0.90) 

2.1 
(0.35) 

2.1 
(0.27) 

Reflections & 
Symmetry 

3.9 
(0.83) 

2.3 
(0.47) 

2.0 
(0.28) 

Cutting Planes & 
Cross-sections 

3.5 
(0.75) 

2.0 
(0.28) 

2.0 
(0.39) 

Revolution 3.6 
(0.84) 

2.0 
(0.28) 

1.9 
(0.39) 

Combining Solids 3.7 
(0.77) 

2.0 
(0.30) 

1.9 
(0.31) 

Inclines & Curves 3.4 
(0.80) 

2.1 
(0.37) 

2.0 
(0.37) 

 

The difficulty of the modules was assessed by 

Question 3: For my learning purposes, the overall 

level of this module was: 1) too simple for my 

needs, 2) appropriate to my needs, or 3) too 

advanced for my needs.  As shown in Figure 4, the 

average student responses ranged from 1.7 to 3, 

with most responses near 2.   When responses for 

this question was averaged over all of the 

institutions, all the modules fell between 1.9 and 

2.1, shown in Table 1 above, indicating the 

modules were the appropriate level for these 

students. 

 
Figure 3: Average student responses to module 
evaluation Question 2:  Module Length.  1=too 
short, 2=appropriate, 3=too long.  
 

 
Figure 4: Average student responses to module 
evaluation Question 3:  Level.  1=too simple, 
2=appropriate, 3=too advanced.  
 

It is interesting to note that the group of 

students that rated the quality of the module on 
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Rotations about a Single Axis between fair and 

good, rated the length of the module as being too 

long.  As their responses to the overall level 

indicate, these students appeared to have some 

difficulty with this topic.  These same students 

found the next module, Rotations about Two or 

More Axes to be better in quality, more appropriate 

in length, and at a more appropriate level for their 

needs.   

To help identify which instruction tools help 

students learn and understand the material, students 

were asked on Question 4 if each tool (or 

component of the training) was beneficial to their 

understanding of the material.  Scores could range 

from 1: Strongly Disagree to 4: Strongly Agree, or 

Not Applicable.  Note this is a 4 point scale, so 

there is not a neutral response.  Average student 

responses for a) Instruction, b) Software, and c) 

Workbook are shown in Figures 5-7.  The module 

on Inclined and Curved Surfaces consisted of a 

short lecture and a handout of sketching exercises.  

Since this module did not have a software or 

workbook component, it is not included in Figures 

6 and 7. 

As shown in Figure 5, the average student 

responses indicate that they agree that instruction is 

beneficial to their understanding of the material.  

This was true whether or not the instructor chose to 

use the Michigan Tech lecture materials or relied 

on the workbook and software to introduce the 

students to the materials.   

 

 
Figure 5: Average student responses to module 
evaluation Question 4a: Instruction was 
beneficial to my understanding of material.   

 

It should also be noted that some of the 

trainings were led by instructors who had used the 

course materials before, while some were led by 

instructors using the materials for the first time.  

This could explain some of the variability in the 

student responses. 

The average student responses to the 3-D 

spatial software are shown in Figure 6.  Students 

agree or strongly agree that the software is 

beneficial to their understanding of the material.  It 

appears to be especially useful for the modules on 

Rotations, Cutting Planes, and Combining Solids.  
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Figure 6: Average student responses to module 
evaluation Question 4b: 3-D spatial software 
was beneficial to my understanding of material.   
 

As shown in Figure 7, students consistently 

report the workbook problems are beneficial to 

their understanding of the material, indicated by 

scores ranging from 3-agree to 4-strongly agree.  

The module on Isometrics received the highest 

rating for how beneficial the workbook was to their 

learning.  

 
Figure 7: Average student responses to module 
evaluation Question 4c: Workbook was 
beneficial to my understanding of material. 
 

It appears that a number of students were 

unsure of what the VIZ website and manipulatives 

referred to since students rated these tools for 

modules for which they were not used.  Therefore 

the student responses for the helpfulness of these 

tools are not reported in this study. 

There were a wide variety of responses on the 

evaluation instrument when asking students to 

suggest improvements for each module.  For some 

modules, approximately equal numbers of students 

reported needing either more or less instruction and 

examples: this could be interpreted as meaning the 

level of instruction was appropriate for the average 

student in the class.  For example, suggestions for 

improving the Isometric Drawing module included 

these statements:  “The range of difficulty was 

vast. It was easy at the beginning then it got harder, 

and I struggled at the end,” “Make it more tricky,” 

and “Separate into groups based on 

understanding.”    This last statement seems to 
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exemplify the range of development and ease of 

development of spatial skills for the students taking 

the trainings.  Students did suggest more examples 

and explanation were needed on two of the 

modules, however, these suggestions seemed to be 

instructor dependent.   

Some students stated some difficulty with 

clarity in the workbook; they thought it was 

difficult to see where the cutting planes went 

through the objects in the Cutting Planes module, 

and some thought the objects in the Combining 

Solids workbook pages were confusing.  For many 

of the modules, the blocks will help overcome 

difficulties with visualization, however, the blocks 

are not helpful for the Cutting Planes, Combining 

Solids, and Revolution modules.  The statements 

about lack of clarity in the workbook for the 

Cutting Planes and Combining Solids modules may 

be directly related to the fact that these modules 

rely most heavily on visualization skills.    

The only suggestion for improving the 

workbook software related to some students having 

difficulty where they were asked to use the mouse 

to draw an isometric sketch in the first module. 

Students were asked to report strategies that 

were most helpful in completing the modules.   

Using the blocks provided in class seemed key in 

drawing isometric and orthographic views, rotating 

objects, and drawing reflections of objects.  

Discussions and working with others was 

mentioned as being important most often for the 

first two modules, Isometrics and Orthographics, 

however, this was mentioned as either a strategy or 

as a request for more group work for all of the 

modules except the Cutting Planes module.  The 

right hand rule was helpful for both Rotation 

modules.  When drawing or identifying isometric 

views of objects from different corners, students 

reported that it helped to rotate the book so the 

view point faced them.  For flat patterns, counting 

and matching folds helped identify correct patterns.  

Students identified cross sections by drawing the 

cutting planes on the shape.  Here, they also 

mentioned visualization as being key to identifying 

the correct cross section.  To find solids of 

revolution, students applied what they learned in 

the Reflections module:  they drew an axis of 

revolution and then reflected the shape over that 

axis to help them visualize what the revolved shape 

looked like.  They identified visualization as being 

a useful strategy for combining solids. 

 

V. Instructor Evaluations 

Five of the instructors involved in the project 

completed the instructor module evaluations which 

were nearly identical to the student module 

evaluations.  The instructors at Michigan Tech did 

not complete the evaluations as the course 

materials, with the exception of the VIZ website, 

were developed at Michigan Tech.   

All of the instructors rated the length and level 

of all modules as appropriate, with the exception 

that one instructor felt the module on Rotations 

about Two or More Axes was both too difficult and 

too long.  They rated the quality of the modules 

that corresponded to the first four modules and 

modules 6 and 7 in the workbook as either very 

good or excellent.  The ratings of the quality of the 

Rotations about Two or More Axes, Surfaces and 

Solids of Revolution and Combining Solids 

modules were more varied, they received ratings of 

both good, very good, and excellent (compared to 

the very good and excellent ratings of the other 

modules). 
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When rating what was beneficial to their 

instruction of the material, a value of 3 indicates 

the instructor agreed the tool was beneficial and a 

value of 4 indicates strong agreement that the 

tool/material was beneficial.  The instructors were 

almost unanimous in strongly agreeing the 

workbook and workbook software were beneficial 

to their instruction for the second through seventh 

modules (average ratings of 3.8 to 4 out of 4).  The 

workbook software was given an average rating of 

3.67 for the Isometrics module while the workbook 

was given an average rating of 3.8 for this module.  

The ratings for the workbook software and 

workbook for Surfaces and Solids of Revolution 

and Combining Solids modules ranged from 3.5 to 

3.67 on a 4-point scale.  Average ratings for how 

beneficial the lecture materials were to their 

instruction ranged from 3 to 3.2 for each module.  

Manipulatives such as blocks were used by almost 

all the instructors for the modules on Isometrics, 

Orthographics, and Rotations and were found to be 

strongly beneficial to their instruction of the 

material. 

Most instructors suggested improvements to 

the first module: Isometric Drawings.  This module 

has students draw isometric views of coded plans 

from different viewpoints.  For example, the 

module may ask students to draw an isometric 

view of the coded plan shown below from corner 

A.  Instructors thought this was a big step for the 

students’ first exposure to drawing isometric 

pictorials and suggested always having the students 

draw the pictorial from the same corner of the 

coded plan, corner C in the figure below.    

 
Figure 8:  Example coded plan from the 
isometric projection module 

 

One instructor felt the students who struggled 

with the Orthographic Drawings module struggled 

mostly with drawing the isometric pictorial from 

the orthographic views.  It was suggested that 

adding exercises that built from simple to more 

complex would help the struggling students.   

Suggestions for the Rotations modules 

included having a large manipulative (object) to 

show Rotations about a Single Axis and then using 

the same large object in the Rotations about Two or 

More Axes module.  Some instructors used a 

manipulative in addition to the blocks for the 

Rotations modules.  They either constructed a 3-D 

coordinate system out of something such as 

wooden dowels or drew a 2-D coordinate system 

with the 3rd axis projecting perpendicularly from 

the origin on a handout.  One instructor also 

included coded plans for the objects shown in the 

Rotations lecture slides.      

Instructors suggested specific improvements 

for two other modules and stated that using more 

tactile elements and adding hands-on activities in 

addition to the workbook exercises would be 

beneficial for all modules.  It was suggested to use 

physical objects that could be cut in different 

directions, such as a pool noodle, to demonstrate 

how cross sections differ with different cutting 

planes.  The workbook exercises for the Surfaces 

and Solids of Revolution module are entirely 
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multiple choice.  It was suggested that adding hints 

for this module could reduce the amount of 

guessing on the part of the students.  For all 

modules, asking students to share strategies in a 

class discussion could help students.  

 

 VI. Conclusion 

Based on the student evaluations summarized 

above, it appears the modules in the Michigan Tech 

course are of high quality and an appropriate length 

and level of difficulty for students taking the 

curriculum, whether students are trained on all of 

the modules or only some of the modules.  Two 

things seem key in helping students successfully 

master the material:  providing blocks and other 

manipulatives and allowing and encouraging 

students to work together. 

The instructors using the materials also rate 

the modules’ quality, length, and appropriateness 

highly.  They feel the workbook and workbook 

software are most beneficial in teaching the 

material, and that every effort should be made to 

provide students with manipulatives such as 

blocks, a 3-D coordinate system, or other tactile 

elements. 

In conclusion, both the student and instructor 

module evaluations indicate the material can be 

successfully implemented in a variety of methods 

with a variety of audiences.  
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ABSTRACT - This paper outlines several heuristic 
methods used in the Information Scaffolding  audience-

centered approach to information design. The methods 
described include: a topical concept inventory, an 

audience assessment &  integration, and 7 technical 
animation specific design principles. This paper is the 

follow up to the Comprehension Scaffolding in 
Advanced Engineering Graphics Communication  

paper presented in 2005 (Newman, 2005) and 
concludes with a 3-pronged framework for evaluating 

the audience-centeredness of a technical animation. 

I. Introduction
Information Scaffolding is a user-centered 

approach to information design; a 3-phase method to 
aid everyday authors in information composition. For 

the past 3 years this approach has been applied to the 
construction of technical animations. 

The primary aim of Information Scaffolding is 
motivating authors to re-frame the authoring process,  

asking them to view the communication exercise not as 
a simple documenting process (author-centered) but 

instead as an active process of informing (audience-
centered). 

Placing a premium on audience-centered 
documents by emphasizing the information needs and 

motivations of a document's intended audience, 
Information Scaffolding looks to strengthen the quality 

of a document’s impact on the individual. The 
objective is to allow the audience’s understanding to 

closely parallel the authors intended message goals and 
the document’s information takeaways to be salient for 

future use. 

Formally, Information Scaffolding structures 
information to facilitate comprehension by a range of 

interested users (an audience); with conscience 
consideration given to the user's information and 

instructional needs, abilities and values; as well as to 
the affordances of the medium (i.e. video, paper, or 

website) and subject matter. The scaffolding of 
information should:

-Keep the big picture central and in focus
-Organize and support the comprehension process

-Place a premium on clarity, clear direction and 
minimizing confusion. 

*(adapted from McKenzie, 1999)

Three aspects characterize the Information Scaffolding 
process; each necessary from a user-centered 

perspective and all complementing and informing the 
facets throughout the process. The facets of 

Information Scaffolding are:

1.  A simple framework of how the mind works 
and how people learn, including key cognitive 

and pedagogical te rminology such as 
information processing and cognitive overload.

2. An ability to assess the information needs and 

motivations of the document audience. Tools 
include a concept inventory and audience 

assessment.

Information Scaffolding Methods for Technical Animation
Catherine Newman, PhD. Candidate

Department of Mechanical Engineering 
University of California, Berkeley, CA 94720

Professor D.K. Lieu
Department of Mechanical Engineering 

University of California, Berkeley, CA 94720
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3. A set of simple design principles/suggestions 
from education, design & information science for 

the scaffolding and composition of information 
including, information density &  complementing 

media.

Information Scaffolding has implications for all forms 
of documents, but particularly those requiring cross-

disciplinary communication, where some portion 
knowledge translation is inherent. The initial 

application of Information Scaffolding approach was in 
the area of engineering design, specifically in the 

construction of technical animations. The animation-
specific methods developed during a three-year study, 

are outlined in the remainder of this paper. 

II. Information Scaffolding Research Case
In 2006,  2007 & 2008, the Information 

Scaffolding method was included in the E128, 
Advanced Engineering Graphical Communications 

course at the University of California, Berkeley. This is 
an undergraduate course designed to teach technical 

animation techniques to undergraduate engineering 
students. The addition of the Information Scaffolding 

approach was added to support the students (authors) 
in the design and construction of the course project. 

This project requires teams of 2-3 people to create 5-10 
minutes technical animations using solids-modeling 

and surface-modeling software.

Each spring, the engineering students create a 
short animation of the assembly and operation of a 

moderately complex mechanical device, composed of 
several mechanical parts, and rendered using varying 

material finishes. Additionally, the completed 
animation projects are to illustrate the aspects of the 

device’s operation that are difficult to visualize or 
understand conceptually  (airflow, magnetic field, fluid 

flow, microscopic material properties, etc). Each 
project receives a final grade based on the use of 

purposeful creativity and the effective use of:
• Solid and surface modeling.

• Rendering techniques to emphasize depth and 
dimension.

• Colors and surface properties to represent 
materials and surface qualities.

• Lighting to present the device and to highlight 
key features.

• Animation to present the assembly and 
operation of the device.

• Effective presentation of visually and 
conceptually difficult aspects of the device.

• Camera motion to view the device from 
different viewpoints.

• Sounds and accompanying music.
(Lieu, 2004)

Before the introduction of the Information 

Scaffolding Methodology, the finished projects 
successfully meet all of the technical grading 

requirements (listed above), but each year many of the 
groups failed to produce a cogent and compelling 

animation that successfully provided consistent 
information takeaway and transferable learning, to 

viewer’s outside of the course. 
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Recent research efforts in engineering/human-
centered design, education and information science, 

have helped to identify some of the challenges in 
communicating with technical animation. This paper 

outlines the key Information Scaffolding methods used 
to support technical animation construction. 

III. Multimedia Research:

 Implications for Technical Animation
The amount of information shown using 

multimedia dynamic representations (an example being 
technical animations) can easily overshadow the 

author’s primary message goals, simply because the 
amount of information to be processed is abundant and 

densely presented.
Schnotz asserts and as many may know from 

experience, “learners often underestimate the 
information content of pictures… thinking short looks 

or glances are enough to extract the relevant 
information” (Schnotz, 2001).  In the technical arena it 

is rarely the case that graphs,  diagrams and now 
animations can be understood with short glances. In 

fact they often contain a wealth of information, 
embedded at many levels. 

It is believed that animations can be extremely 
helpful for engineering comprehension and abstract 

thinking because they can dynamically illustrate,  for 
example the movements of mechanical devices or the 

nature of chemical reactions or fluid flow. On the other 
hand, “animations can hinder knowledge acquisition 

because they sometimes reduce the demands on the 
learner’s cognitive processing in an unwelcome 

way” (Schnotz, 2001)
In 2006, Dwyer’s animation study results showed 

that, “when all levels of learning [facts, concepts, rules, 
procedures, and higher order comprehension] are 

expected to occur at the same time,  information 
overload occurs as a result of viewing and interacting 

with the animation, and the animated sequences and 

enhancement strategies become ineffective.” (Dwyer, 
2006)

The highly regarded instructional designers, Levie 
& Fleming warn that, “learning is more correctly 

attributable to well-orchestrated design strategy than to 
the inherent superiority of various media.” (Fleming, 

1993). If animations are to be used as learning 
objects, it is imperative that the learning needs and 

style of the audience be addressed. Duke & Pearson 
(2002) emphasize an additional portion of the 

communication challenge which happens in parallel 
with the rudimentary transactional cognitive 

information processing component. From moment to 
moment, audience members are subconsciously 

making judgments (i.e. value, quality, etc) about 
information; bringing their unique prior knowledge, 

and individual learning techniques to the experience. 
This makes the design of information all the more 

important.

IV. Scaffolding Methods: Concept Inventory, 
Audience Demography & Heuristic Design 

Principles

-.CONCEPT INVENTORY
Traditionally, a concept inventory is, a multiple 

choice test designed to evaluate whether a person has 
an accurate and working knowledge of a specific set of 

concepts (Evans 2001). Typically, concept inventories 
are built in a multiple choice format and are the subject 

of extensive research designed to determine both the 
r a n g e o f r e s p o n s e s a n d c o m m o n l y h e l d 

misconceptions. The most famous Concept Inventory 
is the Physics Concept Inventory developed by Prof. 

Hestenes over the course of 15 years. Over this period 
of time it was improved and refined significantly. 
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However, concept inventories do not exist for the 
majority of subjects for two reasons; First, they are 

extremely well vetted by expert teachers in the field, 
requiring considerable time and effort. Second, unlike 

in physics most document topics are comprised of 
more than a single subject and do not attempt to 

represent a single topic in it’s entirety.
Information Scaffolding leverages the approach of 

the concept inventory to help authors bring shape to 
the unique concept they are attempting to articulate and 

communicate, in its designated form, within the given 
context and for identified intended audience. 

The goal of the author-constructed concept 
inventory (or concept survey) is to establish a list of 

items that, in the opinion of the author, bounds or 
brings shape the unique subject of the document. 

The purpose of an information scaffolding concept 
inventory is to articulate a set of individual concepts 

which together describe the knowledge and 
information to be “contained” in the document you 

will construct. A concept inventory is a list of items 
including but not limited to; key information, related 

learning principles, topical background, cultural 
relevance, and common misconceptions. The purpose 

of the concept inventory exercise is to develop an 
understanding both of the necessary knowledge 

contained within and in support of your message goals. 
Your concept inventory will not be complete in the 

sense that will cover everything, instead will be a brief 
synopsis of the concept, as you understand it. A good 

rule of thumb is to begin with 15 items in a first 
concept inventory. 

Table 1. Compound Bow Concept Inventory

Concept Inventory: Compound Bow Y N

1. general bow construction

2. cams and limbs construction

3. sight construction

4. arrow rest construction

5. stabilizer construction

6. cam instruction

7. release instruction

8. cam and release working together

9. sight instruction

10. stabilizer instruction

This concept inventory was supplied by the 

Compound Bow Project (2008).  Items 1-5 indicate that 
the major sub-assemblies of the Compound Bow 

necessary for the operation of the device, including the 
sight construction and the stabilizer construction. Items 

6-10 indicate the need to understand how some of the 
subassemblies work alone and in conjunction with one 

another.  
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Table 2. Transfer Case Concept Inventory

Concept Inventory: Transfer Case Y N

1. allows for four wheel drive (multiplying 
power to front and rear axles)

2. can multiply power for greater control

3. chains transfer rotary motion

4. gears can provide rotary inversion

5. unequal gear size produces speed/torque 
differential

6. disengagement of gears allows for 
adjustability of power

7. a mechanical differential forces same 
rotary direction of motion with potentially 

different speeds.

8. universal joints allow flexibility in many 
directions while transferring axial velocity

9. planetary gears allow for 
multidirectional rotation

10. ribs conserve material and increase 
strength

11. ball and needle bearings eliminate 
kinetic friction and thus prolong parts 

(material wear) and reduce heat (reduce 
chance of creep)

12. finely finished surfaces reduce friction 
(gear)

13. springs are used to assist in complex 
processes

14. material selection allows for broad 
range of function

15. four wheel drive means greater grip/
climbing ability. four wheel drive 

necessary for snow/sand/forest rescue. 

what principles of operation will be illustrated?

The animation demonstrates how power gets 
transferred from the engine to the front and rear 

axles of a four wheel drive vehicle. we intend to 
show the shifting mechanism and  its ability to 

change from ‘high’ to ‘low’ gear ratios in order to 
illustrate the possible multiplication of power for 

varying purposes. this entails putting the gears into 
a ‘neutral’ state where the gears are disengaged in 

order to smoothly change rations. 

what principles of operation will be illustrated?

The animation demonstrates how power gets 
transferred from the engine to the front and rear 

axles of a four wheel drive vehicle. we intend to 
show the shifting mechanism and  its ability to 

change from ‘high’ to ‘low’ gear ratios in order to 
illustrate the possible multiplication of power for 

varying purposes. this entails putting the gears into 
a ‘neutral’ state where the gears are disengaged in 

order to smoothly change rations. 

what principles of operation will be illustrated?

The animation demonstrates how power gets 
transferred from the engine to the front and rear 

axles of a four wheel drive vehicle. we intend to 
show the shifting mechanism and  its ability to 

change from ‘high’ to ‘low’ gear ratios in order to 
illustrate the possible multiplication of power for 

varying purposes. this entails putting the gears into 
a ‘neutral’ state where the gears are disengaged in 

order to smoothly change rations. 

The Transfer Case concept inventory provides a 

detailed description of the animation aims. It is also 
clear in the transition from the 15 item inventory to the 

principles of operation, that the authors consciously 
tried to par down the complexity of the device to a 

manageable amount of information.
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-.AUDIENCE ASSESSMENT
Research has shown that learning is improved 

when the intended audience is targeted and the 
information needs and motivations understood (Jensen, 

2005).
The purpose of an audience assessment is to list a 

portion of the characteristics that describe your 
audience in regard to the subject matter. Please note: 

“targeting your audience” does not mean emphasizing 
the information most interesting (or entertaining) to 

your audience. Instead the purpose is to focus on how 
the intended message goals are best expressed to your 

chosen audience.
An audience assessment differs from a user-

centered analysis in that an audience assessment 
identifies key attributes important for the document’s 

success but then must synthesize the differing needs of 
individual users in order to make key design decisions 

based on these discoveries.  For example, when 
considering the prior knowledge of an expected 

audience,  where the audience is comprised on 
intelligent non-experts but where the prior knowledge 

varies from user to user,  clever consideration by the 
authors must inform the design of the document so that 

gaps in knowledge are covered without boring those 
audience members already in the know. 

A simple method of audience assessment is to 
conduct an audience demography. In order to build a 

sketch of the intended audience, the audience 
demography asks authors to consider addressing the  

following questions to inform the design of the 
content’s presentation.

Audience Demography
- Generally, how can the intended audience be 

described in terms of:
• background education (field of study)?

• prior knowledge (topic specific)?
• professional experience (field of work)?

• relevant cultural experience (discipline 
specific terminology, methods, learning 

approaches, modes of communication)?
- Please describe some of the variations within 

the intended audience with regard to these 
questions.

- To what degree do you want/hope/expect your 

audience to learn from your information? 

- Why is the audience interested in your 
information? What are their goals?

- What do you suspect the audience already knows 

(prior knowledge of the presented content). 

- What does the audience expect to walk away with 
and with how much detail? Give an example of 

how they will use this information in a new 
situation.

- Are they familiar with the presentation style and 

format?

- Where and when will the audience have access to 
your information? Will they be able or wish to 

revisit the document?

- Initially and over time how many people will take 
in your information in this form?
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Synthesis of Concept Inventory & Audience Assessment
The synthesis of the concept inventory and the 

audience assessment is designed to ease the authoring 
process by identifying the choice bits for use during 

the design and construction of the technical 
animations.

To incorporate the results from the audience 
assessment into the author defined concept inventory, 

authors are asked to revisit each item of the concept 
inventory and to determine or to make an explicit 

educated guess as to whether or not the intended 
audience is well acquainted with that aspect of the 

subjects content. This step should help to refine, 
inform and prioritize the document message goals. 

Table 3. Vacuum Cleaner Concept Inventory

Concept Inventory: Vacuum Cleaner Y N

1. demonstration of the suction mechanism X

2. dust trap mechanism X

3. dual motors- one powering brush, one for 
suction X

4. flow of the air in the vacuum X

5. example of domestic use of vacuum X

6. types of material/objects that can be 
vacuumed X

7. misconception that brush motor does most 
of the vacuuming X

8. aesthetic design of vacuum X

9. demonstration of how the motor powers the 
brush X

10. motion of the visor and how it is used X

11. emptying the dust shell where dirt is 
trapped X

12. power source of the unit X

13. use of hose attachments (crevice tool) X

14. electrical aspects of motor X

15. electrical aspects of switch X

Example: Vacuum Cleaner Technical Animation 

Project authors used the above concept inventory and 
decided to focus the intended project message goals on 

the: cleaning of the dust trap, motion of the brush 
picking up the dirt, the operation of the visor, the 

mechanism behind the power switch. 
Finally, the audience assessment process is an 

iterative one and may make subtle changes as more 
information is gathered and feedback from intended 

audience members is received.

-. 7 INFORMATION SCAFFOLDING HEURISTIC 
DESIGN PRINCIPLES

Principle 1. 

 Information Metaphor  

The Information Metaphor principle is the 

animation backbone, the logic that takes the viewer 
from beginning to end, making the necessary key 

points in between. 

Betrancourt, Bisseret and Faure (2000), found 

evidence that display strategy was heavily dependent 
on the “intrinsic properties of the object or situation 

being displayed” and that this display strategy in turn  
strongly influenced the information mapping structure 

to a person’s memory. Betrancourt, Bisseret and Faure 
(2000) also suggest,  “that these findings can be used 

to adapt the display strategy to the type of cognitive 
process or representation that the information system is 

supposed to teach”. (Bétrancourt, 2000). 
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The researchers Levie & Fleming also hope that 
the structure of information and its impact on learning 

will be taken into account, “A message’s structure 
determines how chunks are formed by the viewer and 

how memory for the message is organized. Logically 
organized information will “facilitate flow between 

short and long term memory” (Fleming, 1993)
Dwyer found in her 2006 study that the level of 

required comprehension (from an audience) should 
potential influence the structure of information. 

Dwyer’s stratification was such: higher levels of 
understanding were difficult for those with low prior 

knowledge because the nature of animation did not 
allow time to grasp the necessary underlying factual 

and conceptual understanding (Dwyer, 2006). Should 
the audience require an understanding of principles, 

rules or other types of facts or concepts the type of 
learning is much different and the design of the 

information structure should reflect this.
In the early 1900’s, Lev Kuleshov, an early Russian 

filmmaker believed that juxtaposing two unrelated 
images could convey a separate meaning. In the 

Kuleshov experiment he filmed 5 shots - a famous 
Russian actor, a bowl of soup, a girl, a teddy bear, and 

a child's coffin. He then cut the shot of the actor into 
the other shot; each time it was the same shot of the 

actor. Viewers felt that the shots of the actor conveyed 
different emotions and a different storyline suggested 

by the order in which the shots were presented 
(Kuleshov, 1974). 

What should be taken from this? The order that 
information is presented in as a technical animation 

matters. The order should have a rational,  which even 
if proved unsuccessful can be consciously modified 

during future iterations. 
Example: The structure of the technical animation 

will be a function of the subject matter, the message 
goals and the authors’ creativity. Some examples of 

how technical animations have been organized include:

• The device’s assembly first and then the 
device’s operation

• A total disassembly of the device and then 
the device reassembled to show operation

• Assembly of subassemblies,  showing 
operation after each subassemblies

Principle 2.  

  Conceptual Chunking/Information Density 

The Conceptual Chunking/Information Density 
Principle describes the breaking up of information 

appropriately based on audience need, optimizing the 
cognitive load and then relating ‘chunks’ to each other 

and to the larger document. 
Levie & Fleming tell us, “Configuration of 

[information] parts into potentially meaningful units is 
an important feature of preattentive perceptual 

organization. The configuration of parts [chunks] into 
perceptual units takes place when such a configuration 

permits an ‘emergent property’ to become evident. 
[Information] chunking is the organization of 

conceptually related blocks of information. Effective 
conceptual chunking reflects the optimal amount of 

related information that can be presented before 
working memory is overtaxed. The amount of 

information that can be presented simultaneously 
increases as ability, maturity,  motivation and related 

prior knowledge increase” (Fleming, 1993)
Authors can facilitate the comprehension process 

by appropriately chunking the information into 
digestible audience-appropriate concepts and by 

integrating those pieces into the larger organized 
document representation. The size and arrangement of 

these conceptual chunks influences the value of the 
information.  Having a grasp of the needs and 

motivations of the intended audience should inform the 
chunking of information appropriately.
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For text–based documents, everyday assumptions 
based on the college-educated non-expert may suffice. 

For technical animations however, the ‘chunking’  of 
information can take on a number of dimensions.  A 

simplified framework of these dimensions might be to 
considered how -‘chunking’ can occur; over the course 

of the animation (temporal), within the animation’s 
frame (spatial), as well along the animation narrative. 

Image 1. Disassembled Chainsaw

The disassembled chainsaw pictured above 

contains over 250 unique parts. The order in which the  
device presented will make a large difference in the 

understanding of the assembly and use of a chainsaw.  
A chainsaw animation could be ‘chunked’ in many 

different and effective ways. The actual animation of 
this device however was not broken up into any 

subassemblies, nor did the animation at any point  
show much intermediate function. The result was a 

lengthy animation which showed an impressive 
rendering of hundreds of parts, but left the audience 

with little to no understanding of how a chainsaw 
works or of it’s essential components. 

Principle 3. 

 Wayfinding & Navigating  

The Wayfinding & Navigating Principle refers to 

how the author helps the audience negotiate the 
animation content from beginning to end as well as 

prevent distraction along the way.
With little use of narration or text, audience 

members often have a difficult time tracking the 
‘thesis’ of an animation project. The wayfinding & 

navigation principle advocates the use of strategies to 
help the audience follow the logic of the animation. 

For example, recent animation projects have begun to 
include embedded titles to key mechanical 

subassemblies.
Lowe (2003) identifies three types of change 

events used in animations;
• Transformations, in which the properties 

of objects such as size,  shape and color 
alter.

• Translations, in which objects move from 
one location to another.

• Transitions, in which objects disappear or 
appear. 

Learners may focus on obvious perceptual events 
rather than on those that are of most conceptual interest 

for example, Lowe found that novices extracting 
information from a dynamic weather map focused on 

less important translations rather than the more 
important but subtle transformations. Effort should be 

made to guide the audience’s attention through the 
animation, drawing attention to conceptually important 

points. 
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Example:

Image 2. Scene Title for M1 Rifle

For the animation of this M1 Rifle the authors 
introduced each scene by framing the beginning of 

each subassembly with a title.

Principle 4. 
  Prioritization of Key Information  

Prioritization of Key Information calls for authors 

to consciously consider how much information to 
show, as well as why and when, rather than giving 

equal weight to all information at all times. This 
principle rejects giving equal weight to all aspects of 

the device and instead recommends prioritizing key 
information elements.

Historically the technical animation projects have 
given equal weight to practically every screw and 

washer. While giving equal time to every part and its 
role in the larger device may seem democratic,  it is 

unfair to the audience.  Technical animation projects 
can contain 100s of parts,  posing an unnecessary 

cognitive processing burden on audience members, by 
asking them to determine what within the animation is 

most important while tracking the movement of each 
part.  Without guidance (implicit or explicit), each 

audience member will self-determine which aspects of 
the animation they will attend to.

Image 3. Battery Installation Scene

The device pictured contains 4 batteries. The 
animation of the batteries is done is such a way that 

just as one battery is in place the next has already 
entered the shot. Over the course of a few moments it 

is clear that the 4 batteries are all the same and that all 
4 batteries are necessary for operation. If all of the 

batteries were to enter at once this information could 
be potentially glossed over and if equal time were 

taken adding each battery the viewer may lose 
patience. The priority of the scene here is that this 

device is battery operated, and requires 4 batteries to 
function. 

Frame 0. 
First Battery Enters View

 Frame 10.  
Second Battery Enters View 
Just As First Battery Settles 

Into Place 

 Frame 15. 
Third Battery Enters 

View As Second Battery 
Settles Into Place 

Frame 20.
 Fourth Battery Enters View 
As Second Battery Settles 
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Principle 5. 

 Temporal & Spatial Relationships  

 The Temporal & Spatial Relations Principle calls 

for the maintaining of relationships between pieces/
chunks of information over time and space.

During the development of a technical animation a 
3-dimensional space is represented. With 100’s, 

sometimes 1000’s of parts flying in and out of this 3-D 
space, it is easy to allow the parts to take on a ‘life of 

their own’, to move independently of each other. 
Animation students and surveyed audience members 

have commented on how difficult it is to focus on the 
broader animation goals when the relationships 

between parts are absent.  What animation is good at is 
illustrating temporal and spatial dynamics and the 

implicit relationships between them. The Temporal and 
Spatial Relationship principle asks is that authors 

explicitly define relationships between parts, 
subassemblies and the greater whole through use of 

thematic movement. 

Well-defined Temporal & Spatial relationships, 

used with consistency and leveraged along with 
animation conventions allow users to differentiate 

between the relevant and irrelevant information, and 
prioritize new or novel information [Parkhurst, 1983]. 

When it comes to the tempo of an animation, “the rate 
at which sequential information is presented should be 

slow enough to allow accurate perception, attentive 
scrutiny,  elaboration, and comprehension. It should 

also be rapid enough to present attention from 
wandering.” [Mayer, 2003]

This conscious consideration will help to direct 
audience attention and reduce the cognitive burden.

Principle 6.

  Global & Local Perspectives  

The Global & Local Perspectives principle asks 

authors to be conscious when transitioning from the 
document’s big picture to focus on particular aspects or 

details of the device and back again. 

Typically these devices contain parts in a wide 

variety of sizes. In order to present very small or 
detailed mechanism an extreme degree of zoom may 

be necessary. Unfortunately after even a short duration 
of time the relationship to the larger device and to the 

message of the animation maybe lost. In the E128 
course some animation groups have begun to embed a 

larger device view into the animation frame. 

Consider the text equivalent of this challenge. In a 

successful essay when the time has come to focus more 
on the details of a research study or to explore the 

musings of a particular literary work, words/sentences 
are used to transition from one portion to the next 

while maintaining the larger essay context. The same 
must hold for technical animation only new 

construction devices must be employed. 

Principle 7. 

 Complementary Media 

The complementary media principle asks for the 
selective use of available animation tools such as 

sound, camera motion,  and lighting to achieve media 
coherence

The availability within any animation program to 
use lights, motion and sound makes it easy to 

unnecessarily overuse any one of these tools – 
resulting in an animation that is overwhelming. The 

Complementary Media Principle suggests that the use 
of each of these animation tools be informed by the 

underlying message goal and the needs of the 
audience.
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Clark & Mayer’s multimedia coherence principle 
states: People learn better when extraneous words, 

pictures, and sounds are excluded rather than included. 
(Clark,  2003). However, while some redundancy is 

actually very important in communication in order to 
reduce uncertainty and ambiguity, Ainsworth and 

VanLabeke write, “When multiple representations 
complement each other they do so because they differ 

either in the information each expresses or in the 
processes each supports. By combining representations 

that in these ways, it is hoped that learners will benefit 
from the advantages of each of the individual 

representations. Multiple representations provide 
complementary informat ion when a s ingle 

representation would be insufficient to carry all the 
information about the domain” (Ainsworth, 2004).

The complementary media principle asks authors to 
attempt to strike a balance between the minimalist 

approach advocated by Mayer and the selective 
redundancy suggested by Ainsworth and VanLabeke,  in 

order to achieve cohesion and concert in the use of the 
multiple animation attributes.

V. ASSESSMENT

The data collected from the three iterations of the 
Information Scaffolding intervention and the 

subsequent interpretation are too lengthy to be 
presented here, however the three methods of 

evaluation may prove valuable evaluation approaches 
for animation authors and instructors. 

A. Audience Perceptions & Comprehension. As 
part of the scaffolding intervention, the project authors 

were asked to provide 3 project related comprehension 
question. These questions were to be based on the 

author defined project message goals with the answers 
illustrated over the course of the technical animation.

Two surveyed audiences (members of the project’s 
intended audiences and fellow students) were asked for  

their perceptions of the finished projects and to answer 
the provided comprehension questions. The survey 

participants were asked the following perception 
questions with their answers summarized by project for 

constructive feedback. 
1. Is the length appropriate?

2. Does the presentation approach and style help 
overall understanding?

3. Are there aspects of the animation that are 
overwhelming, distracting or frustrating?

4. Are weight and priority given to the important 
aspects of the device?

5. Does the animation maintain a big picture 
perspective while providing enough detail?

6. Does the animation contain complementing 
media?

B. Author Scaffolding Approaches. The scaffolding 

approaches used by each set of project authors 
contained the following common elements; 

• A clear concept inventory
• Summary of intended-audience assumptions

• A synthesis of the two preceding steps 
• Clear and selective message goals

• The design strategies based on the preparatory 
analysis.

An evaluation of the the authors’  approaches looked 
for innovative uses of the 7 technical animation 

specific design scaffolding principles to structure and 
synthesize the information gathered during the first 

phases of the  scaffolding process.

164 2009  Erie, Pennsylvania



C. Content Analysis. The evaluation of the content 
will vary depending on the need - but a content 

analysis can also serve as a formative assessment 
before further iterative improvement. The six facets 

used for a 2009 technical animation content analysis 
were;

Intended Concepts: Are the intended concepts 
present - and to what degree? Could an audience 

member find the answers to the author provided 
comprehension questions within the animation project?

Framing: Is the animation purpose evident? The 
animation purpose will always be obvious to the 

authors but not necessarily self-evident to the audience. 
Adult audience members in particular need to know 

both the purpose of the animation and what they are 
likely to learn from viewing the project.

Storyline: One of the elemental analysis modes of 
film critique is to ask if there is a strong, well-

structured storyline, not necessarily linear or narrative, 
but a cogent underlying thread that binds the film’s 

elements together. Knowing that decontextualized 
information often does not provide the motivation for 

sustained interest by the viewer and that the reason 
motion pictures for example are accessible to a range 

of viewers is in part because they supply their own, 
self-contained motivation, the need for the animation 

projects to present well-defined relationships to the 
animation as a whole becomes important.

Part Relationships: Is the presentation of parts 
appropriate and is there meaning behind the initial 

introduction of a collection of related parts?
Registration: Here the evaluators look at tempo 

of the projects on the local scale. Knowing that it 
takes a full second to read and register the contents of 

a road sign, do the authors allow for adequate 
registration?

Vocabulary: Is the use of vocabulary  in the the 
title,  the device and the comprehension questions 

consistent? Is the vocabulary audience appropriate? 
Can the intended audience connect with the 

animation and device given the vocabulary used? For 
example, the Transfer Case Project, titled Transfer 

Case is self-explanatory for audience members who 
knew what a transfer case was but for those who did 

not - a major portion of the animation held no 
meaning.
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Transferring 2-D Drawings Files Between Different CAD Software 
Timothy J. Sexton, Professor 
Ohio University Athens, OH 

 

ABSTRACT - Transferring an electronic drawing 
from one CAD software package to another can be 
unpredictable. This paper will discuss several 
methods of transferring 2-D CAD files from one CAD 
software to another. The most common type of 2-D 
transfer uses Cut and Paste. For example cutting and 
pasting one AutoCAD drawing into another 
AutoCAD drawing or pasting an AutoCAD drawing 
into Microsoft Word or PowerPoint. Using cut and 
paste however can be less that desirable. Instead of 
cutting and pasting, there is a third party software 
designed to transfer AutoCAD drawings into 
Microsoft products while allowing control over scale, 
line weight, line type, and color. A 2-D detailed 
drawing generated from a 3-D parametric model can 
be transferred into 2-D drawing software such as 
AutoCAD. This transfer from a 3-D model, to a 
drafting sheet, then into 2-D software is useful when 
a drawing is very difficult to draw in 2-D software 
and it is much easier and more accurate to model the 
object in a 3-D parametric modeler then produce the 
orthographic views in the draft environment. When 
you have a lot of 2-D legacy data, it is very efficient 
to take a 2-D drawing and transfer it into the 
sketching format of a 3-D parametric modeling 
software. The sketch can then be utilized in functions 
such as extruding or revolving. The final type of file 
transfer to be discussed is taking a 2-D draft file from 
one parametric modeling software package to the 
draft environment of another 3-D parametric 
modeling software. 
 

I. Introduction 

When using CAD software there is often the 

need to transfer drawings between the different 

manufacturers of software. This file transfer could 

be: 2-D to 2-D, 2-D to 3-D, or 3-D to 3-D. This paper 

is limited to 2-D file transfers using the following 

software: AutoCAD, Autodesk’s Inventor, Siemens’ 

Solid Edge, and Furix’s BetterWMF. 

 

II. CAD System Kernels and Translators 

The central core of any 3-D CAD system is its 

kernel or as is sometime referred to as the “CAD 

engine”. Table 1 lists four kernels accompanied by 

a short description. 

Table 1: Five common kernels 

ACIS: 
 Named for Alan, Charles, and Ian’s system 

(Alan Grayer, Charles Land and Ian Braid) 
 3D geometric modeling kernel 
 Owned Dassault Systems 
 Two types of files: 1) Standard ACIS Text 

(*.sat), and 2) Standard ACIS Binary (*.sab) 
 File extension: *.sat and sab.* 
 

Parasolid: 
 3D geometric modeling kernel 
 Owned by: Siemens (formally UGS) 
 File extension: *.X_T or *.X_B 

 
Catia Proprietary: 
 3D geometric modeling kernel 
 Stands for: Computer Aided Three 

Dimensional Interactive Applications 
 Owned by Dassault Systems 
 File extensions: *.CATPart or *.CATProduct 

 
Pro Engineer’s Granite One: 
 3D geometric modeling kernel 
 Developed by Dr. Samuel P. Geiberg in the 

mid 1980’s 
 Owned by Parametric Technology 

Corporation (PTC) 
 Used in Pro Engineer and Pro Mechanical  
 2002 introduced the CAD software Wildfire 

with a dramatically changed interface 
 File extensions: *.prt and *.asm 

 

To communicate between CAD programs that 

use these different kernels, neutral file formats must 

be used. Two common neutral file formats are IGES 

and STEP. Table 2 provides a brief description of 

these neutral file formats. 

Table 2: Two Neutral File Formats 
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IGES: 
 International Graphics Exchange 

Specification 
 Official title: Digital Representation for 

Communication of Product Definition Data 
 Started in 1979 by corporations with help 

from the National Bureau of Standards (now 
NIST) and the US Department of Defense 
(DOD) 

 File extension *.igs or *.ige or *.iges 
 
STEP: 
 Standard for Exchange of Product Data 
 Official title: Industrial Automotive Systems 

and Integration – Product data representation 
and exchange 

 ISO 10303 standard 
 Developed by ISO Technical committee TC 

184, Technical industrial automation 
systems, subcommittee SC4 Industrial data 

 File extension: *.stp or *.step 
 

The three to ten letter file extensions (most 

commonly three to four) following the file name and 

period and identifies what software the graphic or 

model was developed in e.g. AutoCAD uses *. dwg 

while Solid Edge uses *.par. Some proprietary 

software uses the same extensions e.g. Solid Edge 

and CADKEY both use the file extension *. par.  

Table 3 summarizes the different file extensions, 

type of kernel or standard, and short description. 

 

Table 3: Standard File Extensions 

File 
Extension 

Modeling Kernel 
or 
Neutral Format 
or 
Standard Description 

Kernels   
X_T, 
XMT_TXT 

Parasolid kernel Parasolid solid geom. kernel - text file 
Owned by Siemens-NX (formally Unigraphics) 

X_B, XMT_BIN Parasolid kernel Parasolid solid geom. kernel - binary file 
Owned by Siemens-NX (formally Unigraphics) 

SAT ACIS kernel ACIS solid geometry kernel 
Owned by Dassault Systems 

CATPart or 
CATProduct 
MOD (part) 

Catia proprietary 
kernel 

solid geometry kernel 
Owned by Dassault Systems 
Catia = Computer Aided Three Dimensional 
Interactive Application 

PRT Granite One 
proprietary kernel 

solid geometry kernel 
Owned by (PTC) Parametric Technology 
Corporation 
Used in ProEngineer or ProMechanical 

Neutral   
IGS, IGE, IGES Standard Initial Graphics Exchange Specification 
STEP, STP Standard ISO 10303 

Standard for the Exchange of Product Model 
Data 

VDA Standard German automobile industry 
WRL Standard Virtual Reality Modeling Language 
STL Standard Stereo lithography file 
DXF AutoCAD Drawing Exchange Format  

developed by Autodesk 
has become the de facto 2-D standard 
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Native Formats 
(CAD) 

  

DWG AutoCAD Owned by Autodesk 2D drawing file 

PAR Cadkey Cadkey part file 
ASIC kernel 

CATPart or 
CATProduct 

Catia Dassault Systems 
Catia proprietary kernel 

IPT (part), IAM 
(assembly), 
IDW(draft) 

Inventor 
(Autodesk) 

Owned by Autodesk 
ASIC kernel 

ICS (ICD 2D) IronCAD ACIS and Parasolid kernel 
PRT or XPR 
(part), ASM or 
XAS 
(assembly), 
DRW (draft) w/ 
additional # 

Pro/Engineer Pro/Engineer (Wildfire) part model file 
(PTC) Parametric Technology Corporation 
PTC’s Granite One proprietary kernel 

PAR (part), DFT 
(draft), ASM 
(assembly) 

SolidEdge Owned by Siemens 
Parasolid kernel 

SLDPRT or  
EPRT (part), 
SLDDRW 
EDRW (draft), 
SLDASM or 
EASM 
(assembly) 

SolidWorks Owned by Dassault 
Parasolid kernel   
Owned by Siemens 

PRT NX (formerly 
Unigraphics) 

Parasolid kernel Siemens (NX) based 

  

III.  AutoCAD to BetterWMF to Microsoft Word or 

PowerPoint 

For many years members of EDGD have asked 

Autodesk to provide a way to transfer AutoCAD 

drawings into Microsoft Word or Microsoft PowerPoint 

while keeping both designated line weights and scale. 

To the author’s knowledge, this has not happened. 

Figure 1 illustrates an image copied directly from 

AutoCAD into Microsoft Word using Copy, Paste.. 

Note the single extremely thin lines. 
 

 

Figure 1: AutoCAD drawing copy and pasted 

directly from AutoCAD to Microsoft Word 
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Many instructors need to transfer AutoCAD 

drawings into training materials for class, PowerPoint 

lectures, research papers / presentations, or textbooks. 

A third party software designed specifically for 

transferring drawings from AutoCAD into Microsoft 

products is Furix’s BetterWMF. It allows you to specify 

line weight by assigning colors to different line 

thicknesses. Another nice feature is the ability to 

specify the size of the picture prior to transferring it. 

For example, for a document with two columns 

BetterWMF can be set up so that whenever graphic is 

captured it is exactly the width of a single column. 

BetterWMF improves the output from AutoCAD to 

Microsoft products by: 

 Cropping the size of the drawing to the extent of 

the selected entities 

 Removing the (black) background and making 

the drawing transparent 

 Assigning nonzero line widths to all lines or 

individual widths based on color 

 Presetting the exact size of the drawing as it will 

appear in MS-Word or Power Point 

 Merge paper space and all viewports into one 

drawing 

 Size the drawing relative to the scale of the 

drawing 

 Reassign the 256 Auto CAD colors to grayscales 

or any of the Windows True Colors 

Figure 2 illustrates the BetterWMF Options dialog 

box which allows you to set line width, size of the 

exported drawing, and more. 

 

 
 

Figure 2: BetterWMF’s options dialog box 

 

The process for using BetterWMF is quite simple: 

Setup of BetterWMF: 

1) Load BetterWMF (it works in the background). 

2) Check the box which makes all lines and fills 

black (or leave lines in color).  

3) Set the size of the exported drawing as illustrated 

near the bottom of Figure 2. 

4) Select Advanced and set line width by color as 

illustrated in Figure 3. 
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Figure 3: The BetterWMF’s Advanced Options 

dialog box allows you to set desired line weights by 

color. 

Transferring drawing: 

1) Load an AutoCAD drawing. 

2) Select Copy in AutoCAD. 

3) Select the drawing elements desired. 

4) Paste them into a MS Word or PowerPoint. 

Figure 4 is an illustration of an image copied 

from AutoCAD into Microsoft Word using 

BetterWMF. Note the line weights. 

5) When in MS Word or PowerPoint the figure can 

be exploded if subtle changes are required but 

exploding the graphic can sometimes negatively 

affect the quality of the graphic. 

 

 
 

Figure 4: An AutoCAD image copied and pasted 

into Microsoft Word using BetterWMF 

 

IV. 2-D Inventor Draft to 2-D AutoCAD 

Transferring a 2-D working drawing or isometric 

view from the Inventor’s draft environment into Auto 

CAD can be very useful when one needs a complex 

drawing in a Microsoft document. If the drawing is 

complex, it is much easier to build a 3-D parametric 

model, lay out the necessary views in the draft 

environment, as illustrated in Figure 5, transfer the 

views into AutoCAD, and then transfer them into a 

Microsoft document using BetterWMF. 

 While in Inventor: 

1) Select Files, Open and select a drafting file 

(*.idw). 

2) Select Save Copy As. In the Save Copy As 

dialogue box use Save Type As and select 

AutoCAD Drawing (*.dwg). 

3) Select the Options Button and select the 

settings below. 

a. Model Geometry Only – removes notes, 

dimensions, and title block. 

b. Closest AutoCAD Mapping (as apposed 

to best visual fidelity). 

c. Select the Finish  button, and Save. 
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While in AutoCAD: 

1) Select Files, Open to open the saved AutoCAD 

drawing. 

2) Open the Layers Properties Manager and 

specify line color as lines come in all one color. 

Assigning color to lines is necessary because 

BetterWMF assigns weight by color. 

3) Specify line scale using  Format, Line Type, 

Global Line Scale or change individually lines 

using Properties if necessary. 

 

 
 

Figure 5: Drafting sheet in Inventor 

 

 
 

Figure 6: Three views exported from Inventor Draft 

as a *.dwg file into AutoCAD. 

 

V.  2-D AutoCAD into a 2-D Inventor Sketch 

If you have legacy 2-D AutoCAD drawings that 

need to be converted to 3-D models, it is possible to 

insert a 2-D AutoCAD file into Inventor’s sketch 

environment as illustrated in Figure 7. The sketch can 

be edited then a procedure such as extrusion or revolve 

can be executed. Figure 8, illustrates the imported 

sketch after extrusion. The 2-D AutoCAD to 2-D 

Inventor sketch translation problem can be completed 

in a couple of ways.  

 

 
 

Figure 7: A 2-D AutoCAD file brought into 

Inventor’s sketch mode by opening the file as a 

*.dwg 

Procedure One: 

While in AutoCAD: 

1)  Select Files, Open to open an AutoCAD drawing 

and edit it as desired. 

2) Select Edit, Copy and copy the desired portion of 

the drawing.  

While in Inventor: 

3) Select Edit, Paste and paste the copied file into 

Inventor’s sketch  plane environment. 

4) Position the locating rectangle on the sketch plane 
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 In a similar manner, a drawing can be copied 

using a base point which is designated in 

AutoCAD. 

Procedure Two: 

While in Inventor: 

1) Select Files, Open. 

2) In the Open dialog box under Files of type select 

*.dwg. 

3) Select an AutoCAD *.dwg file and click on the 

Open button. 

4) The drawing comes into a special environment 

with a black background 

5) Select the desired portion of the drawing and select 

Copy. 

6) Select Edit, Paste and paste the copied portion of 

the drawing into an Inventor’s sketch plane. 

Procedure Three: 

1) When in Inventor’s Sketch environment, there is a 

function called “Insert AutoCAD File”. But it 

always crashed the software when the author tried 

it. 

 

 
 

Figure 8: Solid model extruded from an AutoCAD 

2-D drawing brought into an Inventor’s sketch 

plane 

 

VI. 2-D AutoCAD into 2-D Inventor Draft 

A 2-D AutoCAD file can also be brought into the 

Inventor draft environment, as illustrated in Figure 

9. It results in an embedded object which takes you 

back to AutoCAD for editing when double clicked. 

1) Open a new Inventor draft sheet (*.idw). 

2) Select Insert, Object. 

3) an Insert Object dialogue box appears. 

4) Select the Create from File radio dial. 

5) Select an AutoCAD.dwg file. 

6) Select the OK button. 

7) Position the drawing and then select OK. 

8) The drawing comes in as an embedded 

drawing which is not editable in Inventor. One 

must go back to AutoCAD to make any edits. 

 

 
 

Figure 9: An AutoCAD drawing brought directly 

into Inventor. The drawing is an embedded figure. 

 

VII. Importing an AutoCAD *.dwg File Directly into 

Inventor 

While in Inventor: 

1) Select Files, Open select an existing 2-D 

AutoCAD *.dwg file. 

2) Select the desired portion of the drafting 

graphic.  
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3) The drawing is placed into a black background 

environment. 

4) Use Copy and Paste to place the drawing into 

an Inventor sketch.  

5) IT will not paste into a drafting sheet. 

 

VIII. 2D Inventor Draft to a 2-D Solid Edge Sketch 

Plane 

While in Inventor: 

1) Open an Inventor drafting sheet (*.idw).  

2) Copy the desired portion of the AutoCAD 

drawing  

While in Solid Edge: 

3) Select Files, Open  

4) The New dialogue box appears.  Select More and 

Normet.dft then OK. 

5) Paste the copied drawing onto the Inventor 

sketch plane. An operation such as extrude or 

revolve can be performed. 

 

IX. 2-D Solid Edge Draft to Inventor Sketch Plane 

 While in Solid Edge: 

1) Open a 2-D Solid Edge drafting file (*.dft). 

2) Save As an AutoCAD file (*.dwg). 

While in Inventor: 

3) Open the saved *.dwg file. It comes into a 

black background environment. 

4) Copy, and Paste  the drawing into Inventor’s 

sketch plane. 

 

X. 2-D Solid Edge Draft to 2-D Inventor Draft 

While in Solid Edge: 

1) Open  a 2-D Solid Edge draft (*.dft) drawing. 

2) Edit, and Copy the selected portion of the 

drafting document.  

While in Inventor: 

1) File, New  set up a new Inventor Drafting file 

(*.idw). 

2) Select Paste Special. 

3) The Paste Special dialogue box appears with 

options. 

4) Select the Solid Edge draft document. 

5) Select OK. 

The drawing comes in as an embedded drawing which 

is not editable in Inventor but one must go back to Solid 

Edge to make any edits. 

 

XI. Conclusion 

Teaching file translations makes students aware of the 

problems when translating between particular CAD 

software whether it is 2-D or 3-D. Many major 

manufacturers require drawings in electronic format. In 

addition, they may want the drawings in particular 

software. When a company changes their software a 

major problem is encountered. An old but still pertinent 

example of this is when Caterpillar Tractor changed 

from Iron CAD to Pro Engineer in 1987. There was a 

significant cost to setting up the server, managing the 

new software, and training.  So if any drawings can be 

recovered by translation it, it would be a definite cost 

savings. Otherwise the models and drawings would 

need to be developed from scratch. 

 

XII. Acknowledgments 

For further information on 2-D file transfers and file 

extensions consult the following: 

                

en.wikipedia.org   good source of definitions and 

history of file extensions 

file-extension.org  lists extensions for an extensive 

list of software. In the 3-D 

graphics – CAD-CAM category 

361 extensions are listed 
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software and cross references 
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for the given software. 
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Abstract - This research describes engineering 

graphics techniques used for three dimensional 

modeling of oil fields. Three dimensional data were 

obtained by digitizing existing mapping using specific 

quality control techniques.  Using these data, a 

variety of three dimensional graphic models then 

were prepared to evaluate engineering graphics 

techniques for use in subsurface mapping. Graphic 

products used in this study included wireframe 

models, vector maps, shaded renderings, filled 

contour maps, and stacked surface models.  Color 

and illumination were examined, and examples of 

each type of model investigated are provided. 

 

I. Introduction 

Three dimensional graphic modeling for 

describing and characterizing an oil field is a typical 

part of petroleum exploration.  Mathematical models 

developed are based on drilling and seismic data and 

then used in three dimensional graphics to show 

subsurface structure. Portraying the oil field model 

effectively requires extensive expertise in 

engineering graphics.  

Graphic techniques used in oil field modeling 

include sections, isoline (contour) maps, wireframe 

and surface models, and block diagrams. Subsurface 

graphics may employ either isometric or perspective 

projections, and graphic models are frequently 

colored, rotated, tilted, and illuminated to emphasize 

field features. Because formations at different 

elevations may be included in mapping, it may be 

necessary to overlay, vertically stack, or combine 

individual graphic models to display information in 

the correct relative position.  

This research describes the use of graphic 

modeling techniques for portraying subsurface 

structure in the Illinois Basin.  In this work, existing 

maps of specific oil fields were digitized and the 

resulting data were used to prepare a series of graphic 

products.  Specifically, this work was used to address 

the following questions: 

(1) What procedures ensure the quality of data 

digitized from existing mapping? 

(2) What techniques of engineering graphics can be 

effectively employed to enhance three dimensional 

modeling of subsurface structures? and 

(3) How can existing subsurface mapping be 

effectively presented in three dimensional format?   

 

II. Previous Work 

General subsurface mapping techniques are 

discussed by a number of authors including Jones, et 

al. (1986), Barnes and Lisle (2004), Kellie (2009),  

Kellie, et al. (2007), and Tearpock and Bischke 

(1991).  Mapping of features in the subsurface is 

unique because the features being mapped are known 

only indirectly, and then from a sparse data set.  

Subsurface mapping frequently employs the use of 

color and pattern omitted from mapping at the 

surface (Kellie, et al., 2007).   

 

III. Methods and Procedures 
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This research prepared graphic models of four oil 

fields in the Illinois Basin for which maps were 

available in the public domain. The fields selected 

were intended to include the different subsurface 

structures typical in the basin, including coral atolls, 

offshore sandbars, and faulted anticlines.  This was 

important as each of these structures poses specific 

problems in graphical modeling.  

Digitizing and Validation. Work began by 

manually digitizing existing maps of each field.  A 

CalComp Drawing Board IV digitizing table and 

Didger software were used to do this (Golden 

Software, 2001). Tablet calibration was based on the 

local coordinate system shown on the existing 

mapping.  Data digitized included structural contours, 

faults, and drill hole (oil well, gas well, and dry hole) 

locations.  

Figure 1 shows digitizing results for a typical oil 

field (Plummer Field, Greene County, Indiana). 

Separate graphic layers were used for the structural 

contours, drill holes (oil wells, gas wells and dry 

holes), and the area to be blanked in the mathematical 

model.   Data contained on each layer was exported 

separately in a file format compatible with the 

software.  

 
Figure 1. Plummer Field. Digitized line drawing of 
existing structure and wells.  Area to be blanked is 
outside green tint. 

The random x,y,z data resulting from digitizing 

were gridded using Surfer software (Golden 

Software, 2002).  The gridding algorithm generates 

elevations on a regular grid from the randomly 

positioned points obtained from digitizing. Different 

gridding algorithms generate slightly different 

elevations, and this is reflected in automated 

contouring. In this research, the Kriging algorithm 

was used for gridding three of the fields mapped; data 

for the fourth field were gridded using the inverse 

distance squared algorithm. Grid files were blanked 

in areas for which there was no contour data on the 

original mapping. The blanking avoided 

extrapolation of mapping beyond the source data. 

As a check on data quality, contours generated 

from grid data were overlain on the graphic contour 

files obtained directly from digitizing.  Grid data 

were then edited until contours matched. Grid editing 

was necessary for quality assurance because grid files 

form the basis for three dimensional modeling.  A 

good match between contours from digitizing and 

contours generated from gridded data can be 

particularly difficult to obtain in areas of widely 

spaced contours, or where change in contour 

direction is abrupt.  Widely spaced contours and 

abrupt change in contour direction can result from the 

sparse data sets employed in subsurface mapping.   

Following grid editing, a contour map of each 

field was prepared and drill hole locations were 

posted on the map.  Since drill hole data were used to 

prepare the original maps, posting drilling locations 

enables the map user to evaluate the data density on 

which interpretation was based.   

Figure 2a (Iuka Field, Marion County, Indiana) 

shows contours prepared directly from digitized data. 

This is a relatively “clean” data set that resulted from 

a regular subsurface structure with closely spaced  
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 Figure 2. Iuka Field.  Original (2a) and edited 
(2b) grid files. 

 

contours.  However, digitizing artifacts are apparent 

on the -2460 contour and between the -2440 and -

2450 contours. 

Figure 2b shows contouring based on the edited 

data set.  The coincidence between the digitized 

contours and those developed for the three 

dimensional model are now relatively close. The 

graphical solution and the mathematical model of the 

field match the original map closely, i.e., the 

mathematical model is precise.   

A precise model still may not be accurate.  

Accuracy in modeling depends on data density and 

data quality. In Figure 2b, well locations have been 

posted on the contour map so that the map user can 

evaluate map accuracy from the number and location 

of wells posted.   

Three Dimensional Modeling.  It was unclear at 

the beginning of this work which modeling 

techniques would best show subsurface 

characteristics. The fields mapped had varying 

orientation, elevation range, area, and subsurface 

expression, and they represented different 

topographic features. It was hypothesized that 

specific field characteristics might influence the 

graphic techniques need for effective modeling. 

The use of wireframe techniques for modeling 

was investigated at Iuka Field as shown in Figure 3.  

This field has an area of approximately two square 

miles, and elevations range from -2440 to -2500 feet. 

The wireframe models used in three dimensional 

mapping at this field were drawn with perspective 

projection, 45 degrees of rotation, and 30 degrees of 

tilt.  

Figure 3a is a wireframe model that shows 

elevation by use of standard color coding (blue 

though red hues as shown). A color scale facilitates 

matching of color and elevation.  

Figure 3b uses a shaded contour map draped over 

the wireframe model.  The shaded contours employed 

indicate elevation qualitatively by changes in color 

value and quantitatively by labeled contours.  From a 

graphics perspective, varying color value 

traditionally has been preferred to varying hue. In 

Figure 3b, varying the value to show elevation 

enables use of a brown hue that matches the color of 

the rock being modeled. 

 
Figure 3. Iuka Field.  Wire frame model with 
color zones (3a) and draped with shaded contour 
map (3b). 
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  The use of a surface model and vector map for 

subsurface mapping was investigated at Plummer 

Field as shown in figure 4.  This field has an area of 

approximately eight square miles, and elevations 

range from -300 to -170 feet. 

 
Figure 4. Plummer Field. Draped surface model 
(figure 4a) and vector map (figure 4b). 

 

Graphically, the surface models used in this 

research are three-dimensional shaded renderings of a 

grid file (Surfer, 2002). Use of the surface model 

enables the drafter to employ lighting that can be 

varied in orientation and elevation.  

The surface model of the Plummer field shown in 

figure 4a employs perspective projection, is rotated 

230 degrees, and is tilted 70 degrees. Lighting is at -

135 degrees (southwest quadrant) and at an elevation 

of 50 degrees.  The surface model is draped with a 

contour map, but the contours were not filled.  This 

enables the model surface to be seen while adding the 

additional component of the contours. 

Examination of the three dimensional model of 

the Plummer Field showed the east and south sides to 

be steeper than the west and north sides.  This was of 

interest geologically, and so a vector map was 

prepared to quantify slope.  This is shown in figure 

4b.  Vectors shown in 4b are oriented perpendicular 

to maximum slope and the graphic symbols used are 

scaled to reflect the steepness of the slope.   

The use of a surface model for three dimensional 

mapping also was applied at the Wilfred Field 

(Sullivan County, Indiana) as shown in figure 5.  This 

field has an area of approximately 1.5 square miles, 

and elevations range from -1575 to -1370 feet. 

 
Figure 5. Wilfred Field.  Contour draped surface 
model with posted wells (figure 5a) and contour 
map with sections (figure 5b). 

 

The three dimensional surface model prepared for 

Wilfred incorporated a draped contour map and used 

perspective projection.  Rotation was 120 degrees, 

and tilt of was 45 degrees. Lighting was at -135 
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degrees (southwest quadrant) and at an elevation of 

50 degrees.  Unlike the mapping for the other fields, 

well locations were posted on the surface as shown in 

figure 5a.  This was because of a very uneven 

distribution of data points on which to base mapping. 

To contrast the three dimensional model of 

Wilfred with traditional mapping, a contour map and 

two sections were prepared as shown in figure 5b.  

With the exception of the posted well locations, data 

shown by the contours and sections are comparable 

to the three dimensional model. 

 The effect of a faulted surface on mapping and 

the use of a stacked surface model were investigated 

on the Smith Mills North and Geneva combined 

fields (Henderson County, Kentucky; hereinafter 

referred to as Smith Mills North).  These fields have 

a combined area of 22 square miles and are separated 

by a fault having vertical displacement of 120 feet.  

To investigate the use of stacked, 3D surface 

models, modeling was done for the top of the Barlow 

limestone (elevation -2030 to -1810 feet), Vienna 

limestone (elevation -1620 to -1440 feet), and West 

Kentucky No. 9 coal (elevation -90 to +60 feet).  

Because multiple surfaces were included in the 

mapping, it was necessary to separately digitize, grid, 

and edit each of the surfaces involved.   

Faulting made it necessary to use the inverse 

distance gridding algorithm to enable blanking of the 

grid file along the fault.  As a result, contours 

generated from the gridded data end at the fault.  

Extensive editing of grid files was necessary because 

of the flat areas within the oil field.  

Modeling at Smith Mills North began with a 

contour draped surface model for the Barlow 

limestone.  Oil well and dry hole locations were 

posted on the model. Perspective projection was 

used, rotation was 15 degrees, and tilt was 35 

degrees.  Lighting was at -135 degrees (southwest 

quadrant) and at an elevation of 50 degrees as shown 

in figure 6a. 

 
Figure 6. Smith Mills North Field.  Contour 
draped surface model (figure 6a) and stacked 
surface models showing the Barlow and Vienna 
limestones and number 9 coal (figure 6b). 
 

Because multiple surfaces describe this field, a 

stacked surface model was prepared next to show the 

relationship between the surfaces mapped.  The 

stacked surface model used perspective projection, a 

rotation of 45 degrees, and tilt of 15 degrees.  

Illumination was selected to emphasize faulting and 

used an orientation of 45 degrees (northeast quadrant) 

and an elevation of 60 degrees.  The stacked model is 

shown in figure 6b.  

 

IV. Results and Conclusions 

Results from the mapping described above 

provide answers to the questions posed at the 

beginning of this paper.  These are discussed 

specifically, below.   

Quality Control. The first question posed was, 

“What procedures ensure the quality of data digitized 

from existing mapping?”  This research suggests two 
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procedures. First, use direct comparison of the 

contour map generated from the gridded model with 

the graphic file for the digitized contours.  This 

quickly identifies areas needing revision or editing.  

Edit the grid file and/or perform additional digitizing 

until the two sets of contours coincide. This 

procedure is simply the geometrical technique of 

showing congruence by figure overlay; it was used 

for all digitizing and gridding in the project.  

Second, post drilling locations on project 

mapping.  This shows the density of drilling on 

which interpretation is based.  This is important for 

quality control because sparse data may indicate 

uncertain interpretation that will not be improved by 

advanced techniques of graphical presentation.  

Graphical Techniques.  The second question 

posed in this research was, “What techniques of 

engineering graphics can be effectively employed to 

enhance three dimensional modeling of subsurface 

structures?”  This research suggested two methods.  

First, use three dimensional graphics to produce 

images that are useful to both the technical and non-

technical user. For example, the arcuate, atoll-like 

structure of the Plummer and Wilfred Fields as well 

as the humped, elongated structure of the Iuka and 

Smith Mills North fields are apparent on the original, 

2D mapping.  But this is true only if the observer 

understands topographic mapping conventions and 

recognizes the graphic signatures of the structures 

involved. To even a non-technical user, however, a 

three dimensional, low relief structure having a light 

brown shading set on a blue base looks strikingly like 

a coral atoll (if arcuate) or offshore sandbar (if 

elongated).  One function of engineering graphics is 

to communicate information.  This communication is 

enhanced when the graphic products are developed 

for the people using the information rather than 

solely for the technical community.  

Second, use careful color selection to enhance 

interpretation and understanding.  This can be done  

by use of natural colors to mimic reality. In 

interpretation, the color of individual rock units is 

suggestive, and specific hues are associated with 

specific rocks.  This means that color selection must 

be thoughtfully and realistically applied, perhaps by 

reference to the color of surface exposures of the rock 

units being mapped in the subsurface.  

In addition to color, structural perception appears 

to be enhanced by shading and illumination. Use 

shading and illumination to clearly show the 

existence of a fault or the steepness of a surface. 

  Effective Presentation.  The third question posed 

by this research was, “How can existing subsurface 

mapping be effectively presented in three 

dimensional format?”  This research suggests two 

techniques.  First, rotate and incline the surfaces 

modeled to provide different ways of viewing data 

than are possible with a 2D map. In preparing reports 

and presentations, use available engineering graphics 

tools to show 3D surfaces in a variety of attitudes.     

Second, use the full range of graphics techniques 

available for mapping; do not constrain subsurface 

mapping to simple automation of traditional plan and 

section views.  For example, the use of vector 

mapping, as done in this research for the Plummer 

Field, can assist in distinguishing offshore and 

onshore sides of the structures mapped.  Similarly, 

the stacked model of mapped surfaces, as done in this 

research for the Smith Mills North Field, graphically 

shows relative vertical position.  

In conclusion, the ability of engineering graphics 

to display, quantify, and summarize is of significant 

value in subsurface mapping provided that the 
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techniques available are intelligently used.  Graphics 

that are accurate, realistic, and complete aid 

interpretation and understanding and provide the best 

return available on the data investment. 
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ABSTRACT – One of the main problems faced by 

engineering graphics is the inability to get mainline 

engineering classes to recognize the benefits graphics 

can provide when it is properly integrated into the 

curriculum. By using solid modeling and rapid 

prototyping it is possible to have students design and 

produce physical parts which can be used for analysis 

and physical tests. This paper reports our efforts to 

incorporate engineering design graphics and 

production into a project-based engineering course by 

using solid modeling applications and rapid 

prototyping tools. Project assignments used to 

implement this initiative as well as the approaches used 

both by instructors and students are also discussed. 

 

I. Introduction 

Texas A&M University is part of a group of 

schools that, in 1993, initiated a National Science 

Foundation’s program called the “Foundation 

Coalition”. One of the objectives of this program was to 

increase the retention of students in engineering areas 

by integrating Math and Science more closely with 

Engineering and creating a project-driven approach to 

teaching at a freshmen level (Howze et al, 2003). 

The freshmen engineering program at Texas A&M 

consists of two courses: ENGR 111 and ENGR 112 

(Foundations of Engineering I & II). Both courses 

contain elements of engineering science and 

engineering graphics with the intention of having each 

part supporting the other. Such courses were formulated 

to replace the previous program of study where 

engineering science and graphics were taught in 

separate courses. However, this plan was hard to 

implement in the classroom. For many years, 

engineering science and graphics existed harmoniously 

within ENGR 111 and ENGR 112, but without much 

true support.  Common examples were used and the two 

complimented each other, but little common ground 

was found in the projects to lend actual aid or 

assistance. 

 

II. Background 

The projects given in ENGR 111 and ENGR 112 

are presented to the students as challenges that replicate 

situations similar to those in actual industry settings. 

Project tasks include analysis, design, construction, 

programming, testing, and documentation of the results. 

For the last several years the freshmen program has 

used the LEGO Mindstorm® system as the main tool to 

implement these projects. The projects have been varied 

in scope and focus, ranging from heat transfer 

measurements to wheel chair lifts (Froyd et al, 2005) to 

Ferris wheels to the current project, an autonomous 

vehicle.   

Two years ago, the freshmen program acquired a 

FDM (Fused Deposition Modeling) rapid prototype 
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machine that works with ABS plastic. This system was 

used during the first year to allow instructors to 

introduce rapid prototyping as a concept and to expose 

students to this technology. The instructors produced 

some prototypes and used them in their lectures. 

However, during the spring 2009 term another use for 

the system was envisioned. Since students were using 

the LEGO Mindstorm® system for the creation of their 

semester-long projects, parametric modeling tools were 

utilized in the graphics portion of the course, and a 

rapid prototype system was able to manufacture parts 

from ABS plastic, it would be possible to use all three 

of these components to actually support each other. 

 

III. Project Description 

The current assignment given to students in ENGR 

112 consists of constructing and programming a 

vehicle, capable of carrying a 12 oz full soft drink can, 

which must navigate a pre-defined course without 

human intervention. The project is presented as a real 

situation where toxic waste (the soft drink can) must be 

transported safely to a storage facility. In order to 

reduce the risk of contamination to humans, an 

autonomous vehicle acting as a toxic waste hauler is 

required for this job. The particular task list which a 

vehicle is required to demonstrate is: 

1. The vehicle must be able to detect the existence 

of a black line and/or a white line against various 

colored backgrounds (mainly the tile floor in the hall) 

using one or more light sensors. This information may 

be used to stop, start or steer the vehicle. 

2. The vehicle must be able to follow a predefined 

path (marked on the floor with 2” blue painter’s tape) 

using 1 or 2 light sensors. This path will not be entirely 

straight but may have bends no greater than 90 degrees.  

3. The vehicle must be able to steer a straight line 

for a specified distance using synchronized angle 

sensors and motors. Also, it must be able to perform 

accurate dead-reckoning navigation depending upon 

circumstances; for example, 90 or 45 degree turns using 

only angle sensors and motors. 

4. The vehicle must be able to sense large 

obstacles, such as walls and 11”x17” boxes, in its path 

and avoid them using an ultrasonic distance sensor. 

5. Through a combination of dead-reckoning and 

obstacle sensing it may be possible to detect smaller 

obstacles such as ping-pong balls or empty soda cans. 

6. Sound and touch sensors may be used to stop 

and start the vehicle; touch sensors may also be used to 

sense solid objects. 

Figure 1 shows the course that the autonomous 

vehicle was required to complete. The grid shown is a 

standard 1 foot tile grid. 

 
 

Figure 1. Course for the autonomous vehicle 
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Students were arranged in teams of 3 or 4 members 

and given the project assignment. Approximately 300 

teams completed the project challenge in the spring 

2009 semester. However, two small classes (20 teams) 

were selected to participate in a revised version of the 

project. These two classes were given the opportunity 

to create a virtual model of a new LEGO-ish piece 

using solid modeling software and then to have that part 

produced with a rapid prototype system. These new 

custom parts would be embedded into the design to 

enhance the overall performance of the vehicle. 

 

IV. Instructor Approach 

From an instructional point of view, there were two 

main goals behind this assignment. First was to enhance 

the spatial visualization abilities of the students and 

second was to provide real world exposure to the design 

process. Leopold states that spatial visualization 

abilities are especially important for those working in 

the field of engineering (Leopold et al, 2001) and 

McGee noted that visualization skills have been found 

to correlate highly with success in engineering and 

mathematics (McGee, 1979). Going even further, 

spatial visualization has been shown to be helpful in 

engineering related subjects like mathematics and 

calculus (Winkle, 1997; Battista et al, 1989). 

Engineering design is widely considered to be the 

central or distinguishing activity of engineering (Dym 

et al, 2005) and he goes on to define engineering design 

as a systematic, intelligent process in which designers 

generate, evaluate, and specify concepts for devices, 

systems, or processes whose form and function achieve 

clients’ objectives of users; needs while satisfying a 

specified set of constraints. In our case the objective 

was to improve the functionality of the autonomous 

vehicle and the constraints were to work with existing 

standard LEGO® parts. 

The use of virtual or physical models has long been 

used as a way to enhance spatial visualization. Many 

authors (Whiteacre et al, 2001; Miller, 1992; Vander 

Wall, 1981) have discussed the proper usages of either 

virtual or physical models prepared by the instructor to 

improve the student’s ability to visualize objects. 

By using the solid modeling capabilities of modern 

CAD applications students are capable of producing 

their own virtual models. By extending these 

capabilities via rapid prototyping they can actually 

make their own physical models. This process allows 

the students to see the virtual model and the physical 

model side by side, similar in some ways to the work 

done by Onyancha where a virtual and physical model 

were presented to students with the orientation of the 

physical model linked to the orientation of the virtual 

model (Onyancha et al, 2007).  He concluded that these 

methods did improve the spatial ability of the students. 

The instructions given to the students to 

manufacture the prototypes follow the basic steps of a 

design process. First, students were asked to gather 

information and identify the functional requirements of 

the design. This was accomplished through a 

brainstorming session where students identified 

limitations with their vehicles and recognized 

problematic areas where a custom LEGO® part would 

be helpful. After several discussions among team 

members and different freehand sketches, students 

decided and refined the purpose of their design 

(improving the stability of the vehicle, reinforcing the 

structure, etc). The second step was to identify the type 

of information needed to create a functional part. In 

most cases, dimensions of a standard LEGO® block 

gave the students the starting point to begin modeling. 

Students were required to submit technical orthographic 

drawings of the new part plus a stereo lithography file 

(STL) so the part can be produced. 
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In addition to the basic instruction on the design 

process, some specific guidelines were given about the 

process of rapid prototyping and how the parts needed 

to be constructed to be both useable and efficient. The 

prototyping system available has a maximum build 

volume of 8” x 10” x 10”, thus the parts had to be no 

bigger than this. Also, all parts should be shelled to 

save material and reduce weight; however, any surface 

less than 1 millimeter in thickness is likely to not be 

structurally sound when the build material is removed. 

 

V. Student Approach 

The idea of producing a physical LEGO® part from 

a 3D model created in the computer seemed to get 

students excited. Their reactions even when the 

instructors were presenting the assignment were very 

positive and students immediately began to discuss the 

assignment within their teams.  

After approximately an hour of brainstorming and 

deliberation the concepts for the custom part fell into 

one of three broad categories: improving the 

maneuverability of the vehicle, providing structural 

support for the soft drink can to keep it in a stable 

position, or purely aesthetics. The latter seemed to be 

the default position when a team could think of nothing 

to actually help the design, but they were required to 

include a custom part in their final vehicle. Figures 2, 3, 

and 4 show examples of each of these three uses. 

 

 
 

Figure 2. Part to improve maneuverability 

 
 

Figure 3. Part designed for structural support 

 

 
 

Figure 4. Aesthetic part 

 

The modeling process provided an excellent 

opportunity for students to practice and improve 

visualization skills. From the very beginning, students 

were required to mentally visualize the custom part and 

figure out how such part was going to fit and interact 

with the existing structure. Students were forced to 

constantly move from freehand sketches to physical 

parts on the vehicle to virtual 3D models in the 

computer. According to students, processing all this 

graphical information provided an excellent learning 

experience. 

For most students, this was the first exposure to 

having to create a virtual model of a part that did not 

yet exist. Additionally, having to size the part precisely 

showed many students why accurate measurements and 

dimensions are critical in engineering design. 

While most LEGO® parts are relatively easy to 

model with solid modeling software because of their 
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rectangular shape (in many cases only few extrudes and 

cuts are required), the tolerances for a LEGO® piece 

snapping into place or either falling apart or not fitting 

are rather small. LEGO® claims its mold tolerances are 

within 0.002 mm (LEGO 2007)Different approaches 

were taken to dimension the parts correctly. One team 

had access to a micrometer and took precise 

measurements of the existing LEGO® parts and shared 

those with any team who asked. Others did some basic 

internet research and sized their parts using that 

information. One of the teams did provide a teachable 

moment when they used centimeters as a base unit for 

creating their part, but set the software units to 

millimeters. When the part was manufactured it was 

obviously very small and could not be incorporated into 

the vehicle. 

 

VI. Production of the Parts 

After designing the parts, students submitted stereo 

lithography files (STL) to their instructors. IT staff 

processed such files and produced the prototypes 

including the cleaning in a chemical bath to remove the 

support material. Approximately 25% of the prototypes 

did not work for different reasons (wrong tolerances, 

inaccuracies in the design, large sizes, etc). In this case, 

students were given a chance to revise their files and 

resubmit them for reprocessing. 

A few lessons were learned while producing the 

parts. It was found that producing the parts upside down 

saved build material and reduced clean up time. In the 

future a maximum size (especially height) should be 

specified to reduce the build time for the parts. Also, 

the importance of shelling the 3D model was explained 

when two identical parts, one shelled and the other one 

solid, were produced. Students were given the two files 

and instructed to submit them to a rapid prototype 

company website and get an estimate of how much it 

would cost to produce both parts. At the same time, 

students were asked to weigh each individual part and 

estimate the impact they would have on the vehicle. 

The majority of the teams were able to incorporate 

their prototype within their vehicle, although in some 

cases some forced fits were required to assemble the 

prototype to the LEGO® structure. Figure 5 shows an 

example of a custom part assembled into a vehicle. 

 

 
 

Figure 5. Example of Vehicle with Custom Part 

 

VII. Conclusions and Future Work 

The objective of our work was to incorporate 

graphics into a project-based engineering course in a 

practical way, motivating both students and instructors 

to take advantage of these tools. Rapid prototyping 

offers excellent possibilities to achieve this goal. Not 

only were the participating students influenced in a 

positive way, but they also were forced to practice 

visualization skills and discovered the significance of 

good design and the importance of precise 

measurements. In addition, rapid prototyping opened 

new possibilities for instructors, such as extending 

existing projects and conducting physical tests on a real 

design. 

Prototype 
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Although a promising initiative, no comparisons 

between experimental sections and traditional sections 

of the course were done to assess the effectiveness of 

this approach. The two classes selected to use the rapid 

prototyping system were honors sections, which used 

LabView® to program the LEGO® NXT controller as 

opposed to Robolab®, used by the traditional sections. 

These differences made a meaningful comparison 

difficult at best, so no attempt was made. 

In the future we hope to eliminate these sectional 

differences and to actually measure the benefits of 

using rapid prototyping by comparing parameters like 

total time to complete the assigned task, or stability of 

the autonomous vehicle. We will also like to assess the 

impact of rapid prototyping on the perception of the 

students about engineering. 
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ABSTRACT -  Spatial reasoning is a critical cognitive 
component of engineering graphics, and unfortunately 
students come into college with widely varying skills. 
Women and those from lower socio-economic status 
(SES) are more likely to have weak skills. The VIZ 
project is an interdisciplinary research project 
involving faculty and students from engineering 
technology and psychology. The goals of the project are 
to develop tools to assess and improve spatial skills. In 
this media showcase paper, the VIZ website 
http://viz.bd.psu.edu will be demonstrated and we will 
discuss ways to assess spatial skills and analyze data 
on the VIZ website for free.  We will showcase a series 
of spatial training activities that have been shown to be 
helpful to students as well as enjoyable. We will also 
discuss some on-going research projects that suggest 
important issues that should be considered in the 
engineering graphics classroom. 
 

I. VIZ: History & Website 

Well developed spatial thinking has been shown to 

be important in a wide variety of careers, especially in 

STEM fields such as engineering graphics (Committee 

on Support for Thinking Spatially, 2006). A major 

component of engineering graphics classes deals with 

the ability to mentally represent three dimensional 

objects and translate them to two dimensional 

representations. While verbal skills are a major focus of 

the K-12 curriculum, spatial skills, arguably the other 

half of sound cognitive development, are largely 

ignored. Poor spatial skills often leave first-year 

engineering students at a disadvantage that can 

contribute to low grades and poor retention. Therefore, 

it is understandable that the average incoming freshman 

has little knowledge of what spatial skills are and that 

these skills can and should be improved. 

The Visualization Assessment and Training Project 

(VIZ) was developed at Penn State Erie starting in 1999 

to test incoming engineering students on a number of 

potential variables that might influence success and 

retention in 1st year engineering courses (Blasko & 

Holliday-Darr, 1999) such as educational background, 

motivation for college, parental influence, and verbal 

and spatial skills. They found that math SAT scores and 

scores on tests of various spatial abilities such as mental 

rotation were the strongest predictors of first-year GPA 

and retention. Importantly, spatial skills predicted 

variance over and above that explained by math SAT 

scores alone. This led to the development of the VIZ 

website: http://viz.bd.psu.edu/viz/ (Blasko, Holliday-

Darr, Mace, & Blasko Drabik, 2004).  

The VIZ Website 

The VIZ website allows users from anywhere to 

test spatial skills and receive immediate feedback on 

their performance. This can be extremely useful for 

self-assessment or for more rigorous pre and post 

testing to measure training effects. The tasks on the site 

are based on a meta-analysis of existing research on 
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spatial cognition (Voyer, Voyer, & Bryden, 1995). The 

VIZ website focuses on three separable spatial 

components: 1) mental rotation (rotating blocks), the 

ability to manipulate three-dimensional objects in space 

in order to imagine them from a different perspective or 

orientation, 2) spatial visualization (paper folding), the 

ability to manipulate complex spatial information when 

several stages are required to produce the correct 

answer, and 3) spatial perception (water-level task), the 

ability to determine spatial relationships among objects 

despite distracting information.  

Mental Rotation Task. (Blasko, et al, 2004). 

The mental rotation task was adapted from the 

problems used by Vandenburg and Kuse, (1978). Two 

block figures are shown and the participants make a 

same/different judgment (Figure 1). Response time and 

accuracy are collected for each trial. The site has 16, 32 

and 48 trial versions. There are two pools of items so if 

a user returns to the site a different set of problems will 

be given. 

 

 

 

Figure 1. Sample Mental Rotation Task problem. 

 

Paper Folding Task. Spatial Visualization 

(Blasko, et al, 2004, www.viz.bd.psu.ed/viz/) An object 

is shown folded and participants are given two unfolded 

figures and asked to choose which one correctly 

represents the object (Figure 2). This task has no time 

limit and contains 15 trials. Response times and 

accuracies are collected. 

 

 

 

 

Figure 2. Sample Paper Folding problem. 

Water-Level Task: Spatial Perception (Blasko, 

et al, 2004, www.viz.bd.psu.ed/viz/) adapted from 

Piaget & Inhelder, (1956). Participants are asked to 

imagine that a bottle shown at varying orientations is 

half full and asked to draw a line to represent the water 

level (Figure 3). Response times and accuracies are 

collected during the eight trials task. The task has no 

time limit. 

 

 

 

 

Figure 3. Sample Water Level problem. 

 

Of the three tasks, mental rotation has been shown 

to have the most consistent and robust gender 

difference favoring men and yet this spatial component 

is an important skill for many Science, Technology, 

Engineering, and Mathematics (STEM) related 

occupations.   

A spatial working memory task was later added to 

the site because working memory (the ability to hold 

and process information in active memory) and has 

been shown to be a critical component when solving 

cognitively demanding tasks.  This task was based on 

work by Shah & Miyake, (1996) who suggested that 

spatial working memory may be different from verbal 

working memory. Although this claim remains 

controversial, what is clear is that much of the average 

student’s trouble with the type of visualization tasks 

done in the engineering graphics classroom is based on 

difficulty maintaining the mental image as it is 

modified. There is evidence that working memory 

training may be extremely useful in improving spatial 

skills (Fitzhugh, S., Chein, J., Morrison, A., 

Newcombe, N. & Shipley, T. , 2009) 

 

190 2009  Erie, Pennsylvania



Upgrades to the VIZ site. 

Although the site has been very useful to our 

university and others, the initial site had some 

drawbacks. The access database would occasionally fail 

to write a new record if too many users sent data at the 

same time. In addition, users outside the university 

needed to ask us to query the database if they wanted 

raw data and to coordinate IRBs to gain permission to 

use the site. The site has now been reprogrammed with 

a more robust SQL server platform and has macros 

available for download of the raw data. Our consent 

form allows the use of the site if one is 18 or older. For 

younger populations the users may need additional 

parental consents. On the new site we have also added a 

new survey, the Santa Barbara Sense of Direction 

Scale, (Hegarty, Richardson, Montello, Lovelace, & 

Subbiah, 2002).  This may help us discover whether a 

fourth area of spatial thinking, wayfinding and sense of 

direction, is related to the more commonly studied tasks 

such as mental rotation.  

II. VIZ: Areas of Research 

The VIZ project also conducts research on spatial 

thinking and particularly on the factors that influence 

individual and group differences in performance. For 

example, we know from our own work and research in 

cognitive science that cognitive performance and the 

effectiveness of training efforts are influenced by many 

factors outside of an individual’s skill level. For 

example if one’s own stereotypes about your group 

“I’m a women and women aren’t very good at this,” are 

activated, it can lead to performance declines. This has 

been well studied in the math domain, where simply 

checking a box indicating one’s sex as male or female 

before taking a test, has been shown to lead to 

performance declines for women (Shih, Pittinsky,  & 

Ambady, 1999).  Much less is known about the 

influence of stereotype threat on spatial skills, but it is 

one area of critical importance for teachers working 

with diverse populations. For example, if we try to 

encourage women or African Americans by talking 

about the importance of diversity in class we may 

activate unconscious stereotypes and run the risk of 

actually impairing performance.  

Another critical area of research is the cognitive 

strategies that people use in spatial visualization. For 

example, there is some evidence that imagining 

yourself rotating in space around an object, viewer 

centered rotation, leads to better performance than  

imaging the object itself rotating, object centered 

rotation  (Wraga, Creem, & Proffitt, 2000).  This 

research suggests a useful strategy for instructors to 

suggest to students in the classroom.  

 In the last few decades technology has 

increasingly allowed us to peer inside the working brain 

to the point where “brain-based learning” has now 

become a new fad in education circles. Therefore, it is 

important to understand how the brain processes spatial 

information and how it changes during training. In one 

pilot study, the VIZ group recorded event-related brain 

potentials before and after brief training using the 

Sheryl Sorby’s training workbook (Sorby, Wysocki, & 

Baartmans (2003). We found clear differences in the 

patterns of brainwaves when participant’s completed 

mental rotation tasks after training as opposed to before 

training. These differences were particularly prominent 

in the frontal regions of the brain known to involve 

working memory control.  

In the last 100 years the cognitive and learning 

sciences have accumulated a wealth of knowledge 

about learning, remembering, and using information, 

and recently pulled this information together in a way 

that is easy to use in the real-world contexts such as 

graphics engineering education. An interdisciplinary 

group of researchers created a guide called “25 
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principles to guide Pedagogy and the Design of learning 

environments.”  In the VIZ project we use these 

principles in our research and training projects. Because 

it would take an entire paper to describe these useful 

principles here, we will simply mention that they are 

available at the VIZ website and at 

http://psyc.memphis.edu/learning/ .  

III. VIZ: Spatial Games 

While one focus of the VIZ project involves creating 

techniques to assess spatial ability, the other half goes a 

step further and attempts to train those who may not 

have proficient spatial skills. Our results of training 

spatial skills as part of the EnViSIONS project with 

college students and high school students have been 

described elsewhere (e.g., Blasko, Holliday-Darr and 

Trich-Kremer, 2009). Here we focus on describing the 

spatial games that our student teams have developed 

and that we use as part of our training efforts and may 

be useful to other faculty. They use sound learning 

principles from cognitive science and evaluations show 

that participants from middle school to college have 

found them both useful and enjoyable.  Each game was 

designed to be able to be played in a 30 minute time 

frame.  Detailed lesson plans of each game can be 

downloaded from the VIZ website.  

Time Bomb 

Time Bomb is a game that is designed to train 

perspective taking and encourage viewer-centered 

rotation.  Players sit around a “bomb” with four 

separate hubs extending from it. Each hub contains five 

different color wires that run across it. A player selects 

a card from the deck that tells them which wire to cut. 

The directions vary in level of difficulty, an easy 

example might be, “cut the red wire that is to the left of 

the person across from you.” The higher the difficulty, 

the more steps the player must mentally take to find 

which perspective to take in order to cut the correct 

wire. Players receive points for correct responses but 

incorrect responses make the bomb more likely to 

explode, so the game encourages everyone to mentally 

try every problem.  

 

 

 

 

 

 

 

 

Figure 4. Students playing Time Bomb. 

Pizza Delivery 

The Pizza Delivery game was designed as a 

method to improve spatial visualization through way 

finding and mental mapping.  The objective of the game 

is to take the role of either pizza delivery driver or 

navigator, and work as a team to deliver all pizzas to 

the correct locations around the game board. The game 

consists of a game board which depicts a city map with 

numerous locations spread around the board, and also a 

smaller map with which the navigator directs the driver 

around the game board. The navigator does not see the 

gameboard so they must mentally remember the cars 

location and the driver must remember the directions 

and apply them to their current location. Two teams 

compete to see how many pizzas’s they can deliver 

without getting lost.  

 

 

 

 

 

 

Figure 5. Students playing Pizza Delivery. 
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Lego Challenge 

Students work in pairs and in the first part of the 

lesson are given Lego shapes from different 

perspectives which they must build as quickly as 

possible. They then use Lego builder® free software to 

rotate the example object to check their answers. Then 

they are given bags containing Lego pieces. The object 

of the game is to use all of the pieces and to build a fast 

but sturdy vehicle to transport their given character. 

Students may substitute up to four pieces from their 

packet with those in a large bin of parts. Each team 

races their car, and the one that travels the farthest 

without losing any pieces wins. Although Legos® are a 

popular toy, boys and children from middle to upper 

socio-economic status are much more likely to have had 

experience that girls or those from lower SES. Block 

building has been shown to improve children’s 

understanding of structural relationships that are 

important to later work in mathematics. The game 

encourages teamwork, and develops skills in spatial 

visualization and design.   

Figure 6. Students playing Lego Challenge. 

Shapes 

 Spatial Shapes was modeled after the card game 

“spoons.” The objective of Spatial Shapes is to obtain 

four of the same shapes in different colors. The wooden 

shapes are based on the Vandenburg and Kuse, (1978) 

shapes used in mental rotation tasks. We have versions 

painted the same color or different colors like suits of 

cards. The object is to match the shapes as they are 

passed from the dealer around the table as quickly as 

possible. When a player collects four of the same shape, 

they immediately grab a cube placed in the center of the 

table. For every team, there is one less cube than there 

are people. As soon as someone grabs a cube, the rest 

are to do the same. The person who did not get a cube 

does not mark their score card. The first players to spell 

“shapes” wins. The rapid pace encourages fast and 

accurate mental rotation that can be supported by 

actually turning the shapes.   

 

 

 

 

Figure 7. Students playing Shapes. 

Spatial Navigation Adventure (Wayfinding task) 

Our newest game is the Spatial Navigation 

Adventure. Wayfinding is one’s ability to navigate a 

particular environment by creating mental maps and 

making use of route information, cardinal directions 

and/or landmarks.  Males tend to make better use of 

cardinal directions whereas females are more likely to  

utilize landmarks. The development of wayfinding 

skills is important not only for an individual in the real 

world, but may also encourage or enhance overall 

spatial skills. Students are divided into small teams of 

two or three and given a map with points of interest that 

represent ribbons attached to posts or trees with smaller 

ribbons that can be taken to accumulate points. There is 

one less ribbon at each point than the number of teams. 

Each team starts from a different place equal distance 

from a central compass used to orient the students. 
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Ribbons indicated on the map represent 1, 2, or 3 points 

depending on their distance from the start compass so 

the team must quickly orient and plot a strategy. The 

team that accumulates the most points and returns to the 

starting location within 30 minutes wins.  Students are 

encouraged to use cardinal directions and map the two 

dimensional map to the 3-dimensional world. Their 

mental maps can be tested after the game by asking 

them to draw their routes.  

 

 

 

 

 

 

 

Figure 8. Students playing Spatial Navigation 

Adventure. 

Spatial Jeopardy 

Spatial jeopardy is the ideal “wrap-up” game as it 

combines all of the spatial skills previously mentioned 

(e.g. mental rotation, spatial visualization, spatial 

perception, and spatial working memory). The game 

was modeled after the television show Jeopardy, 

however it includes categories analogous to topics 

covered in a spatial training course such as mental 

rotation, coded plans, and paper folding.  Students are 

broken into teams and those who accumulate the most 

points in the different categories win.  

 

 

 

 

Figure 9. Students playing Spatial Jeopardy. 

 

IV. VIZ: Game Evaluations 

The VIZ games have been developed over a 

number of years and each time they are used we make 

small changes to improve their effectiveness. We also 

modify them slightly for the age group and time frame 

we have available. Although we obviously cannot claim  

that playing one 30 minute game significantly increases 

spatial performance we can say that including the 

games as a standalone outreach activity or as part of a 

training course, can help students understand what 

spatial thinking entails and its real life applications 

while they have fun. We also hope that they will 

understand the importance of exposing their children, 

both male and female to a variety of spatial activities.  

Our evaluations consistently show that the games 

are very enjoyable. Table 1 shows the data from a 2009 

four week summer spatial training program with high 

school students between their junior and senior years 

(MCE/WISE, Minority College Experience, Women In 

Science and Engineering). On a four point scale from 1 

strongly disagree to 4 strongly agree, the means for” 

enjoyed the activity” were all well above  3 (agree). 

The mean rating for “beneficial to my 

understanding/learning of the material,” were still good 

although they were slightly lower than the enjoyment 

ratings.  

In the four week program we had time to play 

only 4 games, so Table 2 also shows the ratings for a 

Fall 2008 college sample who were taking a 1 credit 

supplemental spatial visualization class and played 

Shapes, Time Bomb and Pizza Delivery. Those students 

also found the games enjoyable and beneficial although 

the ratings were somewhat lower than the summer 

program.  
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Table 1. Means and standard deviations for ratings 

of Lego Challenge, Shapes, Spatial Navigation 

Adventure, and Spatial Jeopardy (high school). 

 

Table 2. Means and standard deviations for ratings 

of Shapes, Time Bomb and Pizza Delivery (college). 

 

 

V. Discussion.  

The VIZ project continues to work to develop 

ways to assess and improve spatial thinking with the 

VIZ web site, research activities, and the development 

of hands-on activities for teachers from K-12 to college. 

Our goal is to make these materials available to anyone 

who is interested free of charge. The VIZ website 

continues to be improved and with a new more robust 

server, five spatial measures and easy data download it 

is accessible to anyone with a PC,  internet connection 

and the appropriate plugins. Directions are available for 

using the site and for setting up a class affiliation at 

www.viz.bd.psu.edu/viz 

We are also happy to share the results of our  

research and are interested in collaborations with others 

interested in understanding the factors that can 

influence spatial performance in an out of the 

classroom. Posted on our website are links to a number 

of helpful materials including the 25 learning principles 

discussed in this article and a link to the Spatial 

Intelligence and Learning Center sponsored by the 

National Science Foundation 

(http://www.spatialintelligence.org/)  There you can 

find others interested in spatial learning, tests and 

measures, and an extensive bibliography of helpful 

articles  

The materials that our interdisciplinary 

undergraduate teams have developed will be posted to 

the VIZ website as they are formatted as easy to use 

lesson plans with learning objectives, materials, 

directions and assessment strategies. We also invite the 

submission of new lesson plans for spatial activities that 

we will be happy to post to the VIZ website.   
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ABSTRACT - Animation can be an extremely effective 

and efficient means for communicating technical 

information to both technical and non-technical 

audiences.  This presentation will showcase examples 

of animations that are highly effective, and those that 

are less effective. Selected animations will be dissected 

to examine what makes them particularly effective.  

The authors will also engage the audience in 

discussion about modeling accuracy, animation 

technique, and story flow. 

 

I. Introduction 

Animation tools are available as a part of most 

commercial solid modeling software today.  These 

tools allow users to create animations that demonstrate 

the assembly and/or operation of a mechanical device.  

The use of animation has recently evolved into a highly 

desirable means for the presentation of technical 

information for the following reasons: 

 
1. It offers unparalleled clarity in the explanation of 

assembly and operation of devices. 
2. It offers an excellent means of presentation of 

technical information to non-technical audiences. 
3. If engineers, instead of artists or technicians, are 

permitted to create the animations, errors in proper 
depiction of parts, processes, and operations will 
be reduced. 
 

Animations usually comprise three fundamental 

types of change (Lowe, 2003): 

• Transformations, which encompass changes to 

properties like size, shape, color and texture of 

objects within the animation 

• Translations, which address position changes 

of objects within the animation 

• Transitions, which involve the appearance or 

disappearance of objects in the animation 

Following basic guidelines, as outlined by Lieu 

(2004), can enhance a presentation to make it more 

interesting and informative. Comprehension of the 

information presented may also be facilitated through 

multiple, purposeful representations of the domain 

(Gilmore & Green, 1984); learners often benefit from 

the complementary functions of these different types of 

representations (Ainsworth & Van Belake, 2004).  For 

example, scenes showing a device operating in its 

intended environment, as shown in Figure 1, may be 

added to give viewers a better understanding for where 

and how a device is used.  As such, basic animations 

that are created in solid modelers are often combined 

with other video and audio files using third party video 

editors to create well-orchestrated multi-media 

presentations that are both entertaining and informative  

Although typically used to demonstrate the 

assembly and operation of a mechanical device, 

64th EDGD Mid-Year Conference Proceedings  197



animation can be extended to demonstrate working 

principles that involve processes and reactions that are 

difficult or impossible to see in the actual device.  Such 

processes include things like gas flow, heat flow, 

combustion, and molecular motion.   This can be done 

because of animation’s ability to create characters, 

objects, places and events that do not exist in reality.  

Such objects may not be a formal part of the device, 

but act as representations for a typically unseen process 

to enable viewers to visualize and understand the 

device’s function. It is important to note that people 

often overlook subtle translations and focus on the 

obvious events in a visual display, even if those events 

carry less valuable information (Lowe, 1999).  

However, with animations, such important information 

can be prominently displayed.  This presentation 

provides a short summary of several clever animation 

techniques that can be used to greatly enhance the 

communication of such information, particularly with 

the working principles and processes of a mechanical 

device. 

 
 

II. Use of Overlays and Text 

 The use of text is sometimes discouraged in 

animation because it requires time to read and 

comprehend.  Also, the use of text may not be effective 

where language barriers exist.  However, if the text is 

Figure 1.  Two frames from the compound bow 
animation, showing the environment of its usage, 
which then dissolves to show the bow only. 

Figure 2.  Two frames from the helicopter rotor, 
showing mechanical relationships and effects of 
rotor tilt. 
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limited, with just a few words in a choice location, it 

can save significant animation effort in explaining 

simple principles.  This is especially true if the 

audience already has some technical skill in the 

information that is being presented.  Figure 2, for 

example displays two frames from an animation that 

shows the rotor mechanism from a model helicopter.  

The mechanism is quite complex, and the resulting 

changes in airflow and forces are difficult to visualize.  

However, because the audience in this case was 

technically trained, they could reasonably predict the 

affect of tilting the rotor.  As such, the animators 

simply overlaid a simpler 2D animation atop the 

original animation to show the resulting changes in the 

rotor forces when the mechanism is aligned in different 

orientations, thereby cutting excess animation to 

specifically demonstrate air flow and the mechanism 

motion.  The overlays and text required the use of 3rd 

party video editing software, as this capability is 

typically not included in most animators that are found 

in solid modelers. 

 

III.  Air and Gas Flow 

 Air and gas flow are usually invisible in the 

operation of most devices.  However, the use of 

artificial “markers” such as small spheres or arrows can 

help viewers picture this flow.  An example of this is 

shown for the animation of the operation of an 

Figure 3.  The use of a visible marker to show 
the direction and affects of airflow in the 
airwrench animations. 

Figure 4.  Two frames from the glue gun 
animation, showing a simulation of temperature 
rise from the heating element 
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airwrench, in Figure 3.  These markers are not a part of 

the model itself, but are used for visualization purposes 

only.  Flow direction, density and pressure can be 

simulated with motion, density, and size of the 

markers.  Even the temperature of the gas can be 

simulated, using the method prescribed in the next 

section. 

 

IV.  Simulation of Temperature 

 Small temperature changes are not typically 

visible, but can be important for the operation of a 

device.  In the animation of a glue gun, shown in 

Figure 4, a temperature rise is indicated by a change in 

the color (to red, and then perhaps to white) and 

increased brightness of the heating element.  Although 

the actual temperature rise in the real part is not high 

enough create a discernable change in color or 

brightness, such changes are usually associated with an 

elevation in temperature, and are thus used to convey 

this information.   

 

V.  Combustion 

 A combustion process can be shown in a variety of 

ways, depending on the animation tools that are 

available.  As shown in Figure 5, a special tool in an 

animator that creates the effects of an explosion is the 

most desirable choice.  However, an explosion 

simulator is not available on most solid modelers.  

Figure 5.  Two frames from the animation of a 
4-cylinder engine, showing a simulation of the 
combustion process. 

Figure 6.  Two frames from the digital camera 
animation, which show the effect of focal length 
on the filed of view. 
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Another method of simulating combustion would be to 

create a semi-transparent pseudo-object, such as a 

sphere or cylinder, inside the combustion chamber.  

The visibility, size, color, and brightness of the pseudo-

object can them be altered in the animation to simulate 

hot, expanding gas. 

 

VI.  Optics 

 The simulation of optical effects is particularly 

challenging because most solid modelers and animators 

cannot reproduce the precise effects of optical elements 

on an image within a scene.   An alternate presentation 

of an optical effect is to show the effect on light rays, 

instead of the effect on an actual image.  This 

technique is shown in Figure 6, where the effect of 

changing the focal length on a camera lens is 

demonstrated.  The edges of the field-of-view, in this 

case, are highlighted to show the extent of a scene that 

would be captured by the camera. 

 

VII.  Molecules 

 Molecules and molecular motion are important to 

the function of many devices, especially nano-scale 

devices.  Although normally invisible, molecules can 

be shown, temporarily and largely out-of-scale to 

illustrate operating principles.  The “digital nose” 

animation in Figure 7 successfully demonstrates this 

method in explaining the effects of specific types of 

Figure 8.  Two frames from the laser printing 
process, showing the removal of charges from an 
area with a laser, and the deposition of toner 
from a drum. 

Figure 7.  Frames from the “digital nose” 
animation, showing otherwise invisible 
molecules in the air and in an electronic device. 

64th EDGD Mid-Year Conference Proceedings  201



molecules on an electronic device.  In this animation, 

different molecule types are used, and distinguished by 

color and shape.  The electronic device is then shown 

detecting just one specific molecule type.  Although the 

molecules are grossly oversized and unrealistic, this 

approach does successfully communicate the operating 

principle of the device, and thus serves the purpose of 

the animation. 

 

VIII.  Atomic State 

 On an even smaller scale, even the atomic state of 

molecules can be simulated.  In the laser printing 

process, for example, a focused laser is used to remove 

the charges from a photosensitive layer.  Toner, from a 

rotating drum, is then deposited into the areas where 

the charges are missing, and fused on the layer to form 

text and graphics.  Although normally invisible, the

process can be visualized by the simulation shown in 

Figure 8.  The laser is shown displacing the charges, 

and the toner is then deposited in the displaced areas.  

Though not realistic, or normally visible, the operating 

principle is successfully communicated. 

 

IX.  Data Transmission 

 Electronic data transmission is, of course, 

invisible.  Even more challenging to illustrate is the 

transmission of data over a complex network such as 

the Internet.  The presence of electrical signals can 

sometimes be presented by showing simulated multi-

meter or oscilloscope readings.  A much easier, albeit 

less obvious method, is to show electronic signals and 

data as simply a sparkling object traveling over the 

transmission line, as shown in Figure 9.  The Internet is 

so pervasive that it is merely represented by the words 

“Internet” with no further need to define it. 

 

X. Conclusions 

 Technical animations provide dynamic and 

effective means for visually communicating 

information about the functioning of mechanical 

devices to both technical and non-technical audiences.  

They may show the individual components, 

demonstrate assembly and operation, and even 

illustrate processes that are usually invisible to human 

eye but crucial to the device’s function.  New tools and 

software programs allow for animators to overlay 

pictures, thread scenes together, draw atypical imagery, 

and add text or script, in addition to traditional 

animation methods.  Altogether, these elements can be 

used to create a compelling and informative animation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Representation of data leaving an 
electronic device and arriving on the Internet 
for transmission. 
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