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Using Online Video Lectures to Enhance Engineering Courses

Yacob Astatke, Farzad Moazzami, Craig Scott, Ladeji-Osias 

yacob.astatke@morgan.edu, kladeji@eng.morgan.edu

Morgan State University, Baltimore ,Maryland  

Abstract:The use of technology in the classroom has greatly impacted engineering 
education during the last 20 years. The expansion of the internet and the use of computers, tablet 
pcs, smart boards, and other wired and wireless devices have proliferated throughout education. 
One thing that has not drastically changed with the infusion of technology is the traditional 
method of teaching, i.e. lecturing or “chalk-and-talk” method. Today’s students expect their 
instructors to create an active and engaged learning environment by delivering course content 
using more than one method (i.e. classroom lecture) so that they can access it from anywhere at 
any time. The Electrical and Computer Engineering (ECE) department of Morgan State 
University has implemented a new approach that requires all courses to use video recordings to 
provide supplementary materials for both face-to-face (F2F) and online  courses .  

This paper will present the results of the implementation of the Panapto FocusTM video
lecture capture software in the Electric Circuits (200 level),  Linear Systems (200 level) and 
Discrete Systems (300 level) courses. The new software package was implemented in the 
Electric Circuits course starting in the  Spring 2010 semester, and the  Linear Systems and 
Discrete Systems courses starting in the  Fall 2011 semester. Each week, the instructor evaluates 
the students’ performance on homework assignments, and quizzes and records additional video 
updates to provide feedback and stress the importance of certain concepts to the class.   The 
regular video updates allow the students to review the instructor’s feedback from anywhere at 
any time, and make the class environment more interactive and dynamic. We will present course 
data, survey results and other direct and indirect performance measures for the three courses to 
show that the new approach has increased student performance and satisfaction.  

Introduction 

Universities face an increasing interest in providing students with recorded class 
material because today’s students expect to have 24/7 access to online learning materials 
from anywhere at any time [1]. “Millennial” students see technology integration in higher 
education as a key component of their learning environment because they have grown up using 
technology in every facet of their lives [ 2] .  The use of lecture capture technology has the 
potential to fundamentally change the way instructors and students interact in the 
classroom [3],[4],[5] . It also has the potential to change the classroom environment and the 
relationship between instructors and students by shifting the role of the instructor from the 
old way of “sage on a stage” mode to one that incorporates more interaction. The 
availability of recorded lectures can allow faculty members to free up time in the classroom 
that may be used for group discussions, team work, and other activities that engage 
students and create an active learning environment [6].  The ability to access additional 
online course  material provided by the instructor from anywhere at any time provides 
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students with an opportunity to review difficult concepts, and supplement their learning 
experience. 

In general, faculty members have the choice of using lecture capture technology to 
change and enhance their classroom environment in one of three ways. First, they can use it to 
allow their students to preview the course material before class by posting pre-recorded course 
materials. This will allow instructors to  free-up  more lecture time and spend more of their 
classroom “face-to-face” (F2F) engaging students with group discussions, and hands-on 
activities. This approach gives faculty members the opportunity to engage in active learning 
strategies that have the potential to improve student learning. Second, they can use the lecture 
recordings to allow students to review and understand difficult concepts in the course outside of 
the classroom as often as they want .  One important key feature of lecture capture systems is 
their ability to create a detailed and precisely timed table of contents that allows students to skip 
any section and focus directly to a specific location of the lecture they are interested in. Finally, 
lecture capture software can be used by faculty to provide additional instructions, such as 
demonstrations and step‐by‐step instructions that are important to understand the primary 
course material.  For example, instructors can record   short and single‐concept recordings 
that expand and clarify the main lecture topic.  This approach may be applied in response 
to student questions, or as a way to provide information that allows more advanced 
students to gain additional insights into the course material. We will share the results of our 
investigation based on the implementation of the third approach in the EEGR 322 and EEGR 221 
courses.  

Choosing an appropriate lecture capture system is not easy because there are many 
stakeholders, such as: instructors, students, tech support staff, instructional designers, and 
others who need to be heard in the course of making the proper choice. Therefore, the 
results of a well‐chosen deployment that take into account input from all constituents has 
great potential for students, instructors, and the institution. It is very important to note that 
any lecture capture system that is intended for large‐scale university wide distribution 
requires a robust connectivity, processing, and storage infrastructure.  Virtually all 
software‐based capture systems that are currently on the market can record material directly 
to a classroom computer that is either permanently installed or brought in by the 
instructor.  Finally,  the software sends the raw files to a server for processing and 
distribution. It should be noted that it is not necessary for a computer to be connected to a 
network to actually record material. The recording can be done off-line and then uploaded to 
the main server at a later time. However, to do any type of scheduled recordings, some 
systems do require a connection to send a signal to actually begin the capture, even if 
the recorded content is stored  on the local machine.  The size of the files that are recorded 
can be as small as a few hundred megabytes or as large as a few gigabytes per hour depending on 
the settings of the recording software. The audio and video recording files are usually transmitted 
to the server in their “raw” format, where they are finally synchronized and indexed. Depending 
on the setting, the server can either process one recording at a time, or can work on multiple files 
simultaneously. The final piece of the lecture capture system is storage space where all the 
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recordings will be housed. Institutions will have to decide the type of storage space they need to 
allocate on the server based on the demand from the courses and instructors.  

 
Table #1: Lecture Capture Software Comparison Chart [7-10] 

 

A listing of the four commonly used lecture capture software packages currently on the 
market is shown in Table # 1. Most of the systems offer features that are very closely related 
with the main difference being in pricing that is based on the  licensing agreement[7]-[10]. The 
most important factor that is not listed on the chart, but is always  difficult to quantify, is 
“Ease of Use”.  This is very important issue that has be taken into consideration by university 
administrations, because the choice of the cheapest or most cost‐effective  feature‐rich system 
will not widely adopted if instructors find it too difficult to use. This was the case in our 
institution’s final decision to choose the Panapto FocusTM lecture capture system.  

Online Video Course Supplement Development 

 The development and use of online course materials discussed in this paper started about 
10 years ago with the addition of web-based course supplements for the regular courses [ 11] 
,[12]. The web-based course supplements consisted of additional course materials such as 
PowerPoint slides, animations, short video, and other website links that were there to help the 
regular students understand the course material better. During the past four years, we started 
evaluating various hardware and software technologies that would make the course experience of 
online students as close as possible to the F2F students. Although the ultimate goal was to 
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evaluate software packages that allow online delivery of ECE courses, we were also interested in 
using the same software/hardware tools to enhance the class experience of our F2F students. We 
had to carefully evaluate the advantages and disadvantages of synchronous and asynchronous 
modes of content delivery for our online students. Since our goal was to offer the online ECE 
courses to students from within the United States or abroad, we decided to use a tool that can 
offer both synchronous and asynchronous course contents to the online student. We chose the 
Panopto FocusTM lecture capture software because it was readily available on our campus. It was 
also evaluated for ease of use and compared to other software packages by various faculty and 
staff members. The majority of the evaluators found its interface very user-friendly, and unlike 
other software packages, it was not prone to consistent crashes during recording sessions.  

The Electric Circuits and Linear Systems courses are 200 level four credit courses that 
meet twice a week for four hours. The Electric Circuits course meets in the electronics 
laboratory, to allow students complete assignments and hands-on projects in groups, under the 
guidance of the instructor. The Linear Systems and Discrete Systems courses are taught with 
lectures sessions in the classrooms and simulation assignments using the  MatlabTM software. 
The three courses are offered every semester to online or F2F students with a total enrollment of 
about 40 students in two sections of each course per semester. The course instructors enhanced 
the PowerPoint based lesson files by recording lectures for each sub-module using the Panopto 
FocusTM lecture capture software. Some instructors used the lecture capture software to record 
“live”, the daily course lectures of their regular ECE courses, while others recorded separate 
lectures for each PowerPoint lesson file outside of the regular classroom. The online lectures can 
be watched over the internet using streaming technology, or can be downloaded as podcasts.  A 
screen capture of a digital logic lecture recording is shown in Fig. 1. The different time stamps 
on the left indicate that the students can access any part of the lecture recording by forwarding 
and rewinding the lesson. This allows the students to focus on a specific section of the lecture 
without the need to go through the whole recording.  

The “Panopto FocusTM ” software was used to capture and record the daily course 
lectures of the regular ECE courses. It was initially tested on the students enrolled in the regular 
ECE courses as a supplementary material that could help them learn and understand the course  
material better. The students had access to daily course lectures through their Blackboard course 
management software. Most students downloaded podcast versions of the daily course lectures 
and watched them as often as they wanted until they understood the topics covered in each 
lecture. This approach increased the interactions and discussions between the students involved 
in the course. The online lectures also allowed the students to prepare and ask additional and 
more advanced questions to the instructor because it allowed them to have a better  
understanding of the course material since they were no more limited to the information that was 
only available in their own class notes. The statistics of the usage of the course lectures from the 
Electric Circuits course that were recorded from the Spring 2010 semester suggest that the 
students enrolled in the two pilot online summer courses found the Panopto FocusTM lecture 
recordings very valuable to their success in the courses. Figure 2 shows the view by month, and 
Figure 3 shows the detailed view statistics for each lesson recorded that was downloaded and 
viewed by the students. Note that some students are ahead of other students by checking the 
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unique number of users for each lesson. For example,  the lecture recordings for Module 5-part2, 
and Module 5-part3 have only 2 unique users indicating that 2 students are ahead of the other 
students.   

Figure 1 : Panopto Focus
TM

 lecture recording for the Electric Circuits course

Figure #2: Monthly statistics on the use of the lecture recordings 
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Figure #3: Detailed statistics on the use of the lecture recordings 

 

Course Results  

The impact of the online video lectures were evaluated by looking at the results of the 
students who used them in both online and F2F courses.  It should be noted that the students 
enrolled in the online courses were given the same projects, homework assignments, and tests as 
the students enrolled in the regular courses. Although the students enrolled in the online course 
covered the same amount of material as the regular students, they were only given two hand 
written exams on campus instead of three or four exams that are given to the regular students. 
They were given the exams on campus because they were all local students. This will not be a 
requirement for future online students because we plan to form partnerships with test centers or 
learning centers to allow them to take their exams from other locations.  

The ECE courses with online video lecture were offered during the Fall 2010 semester as 
hybrid courses  and the Spring 2011 semester as completely online courses. The results shown in 
Fig 4 are based on the students who enrolled in the Electric Circuits courses. The data shows the 
comparison of the results for the 12 students enrolled in the online or hybrid courses during the 
Fall 2010 and Spring 2011 semesters, versus those enrolled in the F2F courses in the Fall 2010 
semester (28 students) and the Spring 2011 semester (33 students). The results indicate that the 
success of students enrolled in online or hybrid courses depend strongly on the background of 
the student and their commitment to the course. The students who performed poorly in the online 
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courses did so because they either fell behind in completing the course work or missed a lot of 
weeks of course  work due to various reasons. The students who performed well in the online 
courses proved that the courses were well designed and delivered because they were able to 
perform as well or even better than the students enrolled in the F2F courses. Similar results were 
obtained in the online and F2F versions of the EEGR 221 and EEGR 322 courses. They are 
shown in Fig. 5 for EEGR 221 and Fig. 6 for EEGR 322.  The results clearly indicate that the use 
of the lecture video capture technology has allowed the online students to perform as well as the 
F2F students although they have limited face to face interaction with the instructor and the other 
students enrolled in the engineering courses.   

 

Figure 4: Grade Comparison between F2F and Online 

students enrolled in EEGR 202 for Fall 2010 and Spring 2011 
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Figure 5: Grade Comparison between F2F and Online 

students enrolled in EEGR 221 for Fall 2011 and Spring 2012 

Figure 6: Grade Comparison between F2F and Online 

students for Fall 2011 and Spring 2012 
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Conclusion 

Experience has shown that the introduction of any new technology in higher education
 brings with it a host of questions, and lecture capture is no exception. Two of the most 
prominent questions currently raised by proponents of lecture capture are:  “Will students stop
 coming to class if the material is available online?”, and “Who owns the intellectual 
property rights to the recorded material?”  Although there are no definitive answers to any 
of those questions, there is enough evidence [5],[6],[7] to suggest that  lecture capture can 
have broad positive impacts on all types of students. We have shown in this paper that we 
have successfully implemented the lecture capture software in three engineering courses that 
have been offered as a face to face and online courses. The results have encouraged us to expand 
the implementation of the Panapto Focus lecture capture software package in additional ECE 
courses.  
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COLLABORATIVE DESIGN USING VIRTUAL WORLD 

TECHNOLOGY 

Robert Avanzato 
RLA5@psu.edu 

Penn State Abington 
Abington, PA 

Abstract:  Collaboration and teamwork in support of engineering design are an integral 
part of the engineering process and undergraduate engineering education.  Virtual world 
technology provides an immersive, engaging, dynamic and highly interactive 3D 
environment which supports dynamic 3D modeling and collaboration among participants 
who may be geographically dispersed.  Successful case studies of collaborative student 
design of prototypes in a virtual 3D environment in the area of home robotics and smart 
home technology are presented.  The increasingly sophisticated 3D building tools, 
physics engines and the in-world community support of 3D virtual worlds will position 
this technology to strongly support collaborative designin the future and to alsosupport 
new models of education delivery, such as web-based, hybrid, and massively open online 
course (MOOC) models. 

Keywords: collaboration, design, robotics, education, virtual worlds 

Introduction: 

Collaboration and teamwork in support of engineering design are an integral part 
of the engineering process and undergraduate engineering education.  As the 
educational landscape expands to include web-based, hybrid, distance education, 
international, and massively open online course (MOOC) delivery models, there 
is an even greater need to facilitate on-line collaboration and community among 
learners to facilitate the engineering design and prototyping process.  Virtual 
world technology is one such solution which provides an immersive, engaging, 
dynamic and highly interactive 3D environment which supports design and 
collaboration among participants who may be in a traditional educational setting 
or geographically dispersed.   The advantage of virtual worlds is that it supports 
in-world collaborative 3D modeling and animation as well as avatar 
communication in both voice and text.  The virtual world platform provides an 
immersive environment which supports the team design process, the review 
process and the presentation process.  

There are examples of successful utilization of virtual worlds to support 
collaborative design in the literature.Ehsani and Chase [1] discuss the uses of 
virtual worlds with distributed design teams to reduce the time to develop 
prototypes and reduce overall costs, and they included the review of several case 
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studies in the architectural and construction field.  One such case study involved the construction 
of a virtual 3D model of a hotel which allowed online users to enter and navigate the virtual hotel 
building and provide feedback on features and layout.  The military has used virtual worlds to 
develop 3D immersive prototype models to collaboratively design command and control 
facilities for submarines[2].  The study also indicates that virtual world models can be used to 
visualize the flow of data, information and communications, and this is due to the interactive and 
programmatic nature of virtual world software.Merrick, et al. [3] describes a set of educational 
case studies involving virtual world support of collaborative design and includes discussion on 
the cognitive design process and support for human-computer interaction. Finally, Wigert[4] 
describes the value of virtual world collaboration in terms of enhanced engagement of 
participants in the design team and discusses the role of the facilitator in leading virtual teams. 

At the Penn State Abington campus (Abington, PA), this author has integrated elements of 
virtual world technology, using primarily Second Life, into an introductory information sciences 
and technology course since 2007.  Student teams in this class have explored a variety of team-
based activities involving 3D building in topic areas which include science education, 
architecture, virtual support for charitable organizations, medicine, etc.  On-line, globally 
accessible, 3D interactive exhibits of the student projects were also constructed within the virtual 
world [5].Students in engineering classes at our campus have also designed interactive 
engineering exhibits and various prototypes to support coursework.  An interactive mobile 
robotics virtual laboratory was developed to instruct virtual users in the basic programming 
techniques to direct a robot to successfully navigate a maze.  Due to the persistence of virtual 
world platforms, this virtual, interactive robotics laboratory (as well as all other virtual world 
user content) is available online at all times to an international audience [6].  In general, virtual 
worlds offer more immersive and powerful user (avatar) interaction, collaboration and in-world 
building, but may offer less in the way of accurate and precise models that can be achieved with 
traditional 3D building tools, such as 3DStudioMax or AutoCAD.  Many virtual world platforms, 
however, allow users to import mesh models from a variety of industry-standard 3D modeling 
tools. For example, in a virtual world,  it is possible to have a user or group of users “walk 
through” a large model of a virtual building, reactor, or hospital, etc. that would not be possible 
with traditional 3D modeling tools. It is important for educators to understand the many tradeoffs 
in using these 3D technologies effectively. 

In the next section I will describe a key engineering design challenge in the area of mobile 
robotics which has been successfully supported by virtual world technology at our institution.  
This example includes the collaborative student design of prototypes for home robotics and 
smart home technology. Second Life (https://secondlife.com ) virtual world technology has been 
chosen as the virtual world platform for these activities due to the low cost, availability of a free 
basic account for students, andthe availability of easy to use, in-world 3D building tools and 
scripting tools.  The in-world building tools also support capabilities to modify permissions for 
editing objects among a group of users and this can facilitate collaborative building and design, 
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especially in the area of prototyping and communicating ideas.  Another advantage of the Second 
Life tool is the existence of an established and experienced community of educators and 
researchers with active presence in Second Life to provide resources for support, mentorship, 
and in-world evaluation of student team design projects. 

Virtual World Collaborative Design Experience: 

In this section I will describe a virtual world team design project in the area of home robotics 
which was a group assignment in an introductory robotics course offered in the spring 2012 
semester at Penn State Abington.  This design project demonstrates many of the advantages of 
using a virtual world for collaborative design in a course environment.  Teams of students 
(ranging in size from 2 to 4 students) were tasked to design, build, and demonstrate a robot 
prototype which represents an innovative robotics product or solution to improve the quality of 
life in a home environment. Robot themes chosen by teams of students included a plant watering 
robot, a window washing robot, a food serving robot, a security robot and a robotic 
wheelchair.This virtual world task was a 4-week project in a 15-week course in which the 
student teams were also building and programming real-world autonomous robots and exploring 
other tools, such as Unity 3D modeling tool. All of the robot prototypes described here were 
constructed by the student teams using Second Life.  Scripts to animate the robot models were 
made available to the students to insert into their designs to provide basic motion either through a 
list of motion commands or through keyboard commands.  The scripting language in Second 
Life is a proprietary C-like state machine based language and requires training in order to 
achieve proficiency.  However, there are many existing scripts, or scripts that can be easily 
modified, whichcan provide a good deal of functionality (motion, particles, user interaction, etc.) 
when required. Typically, students are not expected to develop custom scripts in a short virtual 
world course design module such as described here.Several of the robot prototypes are shown in 
the following figures.  Figure 1 below depicts a 3Dmodel for a plant watering (and bowl filling) 
robot.  In the picture, two student avatars are demonstrating the robot for the instructor.  More 
importantly, the robot is being demonstrated in a virtual living area that was setup by the 
instructor prior to the group exercise to simulate a typical home environment.  It is critical that 
the initial robot prototypes are simulated in an environment which is realistic so that students can 
see the effect of overall robot dimensions, speed, andthe potential interaction with humans and 
other objects with the robot.  Second Life enables the user or team of users to edit and modify 
objects, such as the robots depicted in the figures, within the online environment in real-time 
with other users “seeing” the model changes as they are executed.  The home environment with 
living room and kitchen can also be modified (by any avatars who have edit permissions) in-
world without using any external tools.  Furniture and appliances shown in the virtual living area 
can be constructed by students or the instructor, or they can be purchased within the virtual 
world from vendors who distribute (or sell) useful objects constructed by other residents of the 
virtual world.  The existence of a community of builders and scripters who can share and 
exchange products and tools is one of the advantages of the Second Life platform.  Figure 2 
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shows anotherview of the plant watering robot with the particle animation which simulated water 
flow from the robot.

Figure 3 shows a food serving robot prototype in a living area with the instructor’savatar seated 
in the virtual living room.  At this point, the instructor can be evaluating the robot design in 
terms of requirements and usability and discussing (in either text or voice) the evaluation with 
the students who might also be in the virtual world.  Users in the virtual environment have 
complete control of the position of their camera (view) and may view the designs from any 
perspective.  At any time, any users from around the globe with an internet connection and a 
Second Life account can be invited to join the group discussion on the design and operation of 
the robot. Typically, the Second Life platform can handle 30 to 40 avatars (users) in any one 
location (or sim) before encountering performance problems.  Students and other users may also 
visit the designs at a later time and evaluate the robot 3D models. This type of realistic 
immersion and dynamic interaction is generally not available in traditional 3D modeling tools 
which do not employ virtual world technology.  Figure 4 shows a window washing robot 
prototype along with the student team setup in an exhibit presentation area.  Exhibit areas allow 
team members and students from other teams, or visitors from any location to visit the site and 
experience and evaluate and learn about the robot designs. It also allows any visitors or 
classmates to interact and converse with the design team members at the site of the model. 
Generally, we have organized a virtual open house or poster fair at the conclusion of the design 
modules in which visitors from around the globe are invited to interact with the student teams 
and interact with the robot models.  In this way, the team design and 3D building phase, review 
and iteration phase, and presentation phase can all be accomplished in the virtual world 
environment at a low cost and with a high educational value. 

Observations and Future Directions: 

The virtual world case study described in the above section highlighted many of the advantages 
of virtual world technology, with an emphasis on the Second Life platform.  While this exercise 
was very successful there are many areas for improvement in the current technology.  
Specifically, there were lag limitations at times using the Second Life tool, especially for 
students who did not have access to high speed internet or satisfactory graphics cards. Some 
aspects of the Second Life building tools and edit permissions protocols were perceived to be 
challenging by some of the students as well.  As was mentioned, the scripting language is not an 
industry standard language familiar to students with existing programming skills.  Currently, 
there is no direct method to export 3D models out of the Second Life virtual world for archiving 
purposes, but Second Life is improving in the area of importing mesh models.  There are also 
limitations with the physics engine (Havoc) in Second Life and there exist mechanical modeling 
limitations such as the lack of axels and hinges which can restrict some designs.  The physics 
engine in Second Life does allow for collision detection, friction, forces, impulses and gravity.  
Overall, the advantages of the Second Life platform outweighed the disadvantages for our design 
objectives.  We are also investigating Open Simulator (OS) and Unity-based virtual 
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technologies.Open Simulator (http://opensimulator.org) is an open source virtual environment 
effort which offers similar technology as Second Life and uses the same viewer client 
technology.  OS also provides a lower cost for virtual land and supports the more advanced Open 
Dynamics Engine (ODE) physics engine.  However, the current community base is not as strong 
as the Second Life community if that is a critical component to your objectives, and OS users 
experience some of the same performance issues as Second Life users.  Unity 
(http://unity3d.com/) offers a more sophisticated 3D editor and ability to import industry 
standard assets, but does not currently allow native in-world object editing or avatar 
collaboration, immersion and interaction as other platforms.  Unity simulations mayalso be 
executed in a web browser and thereby do not require the user to download client software.  
Additionally, there is support to port Unity 3D simulations to a variety of mobile devices, such as 
smart phones.  Jibe (http://jibemix.com/) is an example of a virtual world technology which uses 
the Unity editor as a front end but extends the platform functionality by providing avatar support 
for communication, interaction and collaboration, however in-world object creation and editing 
is not currently supported.  It is anticipated that virtual world technology will continue to 
advance greatly in the near future, and the choice of the appropriate virtual world platform will 
greatly depend on design requirements and educational objectives. 

Summary and Conclusions: 
This paper has demonstrated the usefulness of virtual world technology to support and promote 
collaborative design.  A successful case study of virtual mobile robot design for home robotics 
was presented to illustrate the key advantages of the virtual world approach,using Second Life 
technology.  Based on our experiences, key advantages of virtual worlds include the ability to 
create and animate 3D models and prototypes,and to communicate and collaborate as avatars in 
an immersive environment. Ideal virtual worldtechnology tools should include in-world shared 
3D editing, animation (preferably with industry standard programming languages,) ability to 
import mesh models, a sophisticated physics engine, highly interactive avatars and a strong 
community of users.   While this case study was employed with students in a largely traditional 
classroom setting, it can be posited that based on the successes of the online collaboration 
described, and the fact that the students and the instructor could have achieved similar results 
independent of where they were physically located, that many of the results would be promising 
to supplement web-based, distance education, hybrid, international or MOOC-based educational 
design experiences.Clearly the virtual world platform feature set must be well matched to the 
educational objectives. It is hoped that these results and interpretations described here will help 
educators embark on integrating virtual world technology into collaborative design projects. 
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Figure 1.  Plant Watering Robot in Virtual Home Facility (instructor with student avatars) 
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Figure 2. Plant watering robot with particle emitter animation 

 

Figure 3. Food Serving Robot in Virtual Living Room (with instructor avatar) 
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Figure 4.  Window Cleaning  Robot and Exhibit Space with Design Team 
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Abstract: DeVry University has expanded over the years with five distinct colleges, 
more than ninety locations in the US, Canada, and Brazil.  DeVry offers traditional face-
to-face courses in the classroom, online courses and hybrid or blended courses, and uses 
technology to enhance the curriculum.  The expansion presumably increased the number 
of students as well as DeVry faculty and staff.  Each student, instructor, manager, and 
staff member is different, yet each is striving towards the same goal: success.   It is 
important to create a unique learning environment regardless of the culture or language.   

Technology plays a key role in this objective, and with the advancements in technology, 
it is important for our university to aim to use the newest and most efficient technology in 
order to encourage collaboration between learners, instructors and others in the academic 
community.  Being more efficient is important, but being cost effective is equally 
important.   

Cloud computing is a technology that can be used to streamline the learning process and 
infrastructure, making it easier for students, teachers and administrators to strive towards 
academic success.  It is the technical means by which everything can be delivered as a 
service over the internet, accessible from any device, any place, anytime.  By providing 
access to education and the academic community anytime and anywhere, DeVry can 
emerge as a leader in the academic world. DeVry is made up of many voices but is one 
university, and cloud computing could be the tool used to unite our vision, objectives, 
and values for many different audiences.   

Key words: Cloud Computing, Cloud Services, Integrated Services, DeVry University, 
Hosted Services, Hybrid Learning 
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Introduction: 

Obtaining a high quality education is one of the most important decisions an individual 
can make in his or her lifetime, and in today’s current economy, there is a need for  
people to re-educate themselves due to a change in the types of jobs that are in demand.  
DeVry University has offered quality education for more than eighty years, where it 
started out offering degrees related to technology in Chicago, Illinois and has expanded to 
a wide variety of degrees not only in the United States, but also in Canada and Brazil. 
DeVry has answered the demand for quality education in the classroom and online as 
well, which provides many flexible options for students as they pursue their educational 
goals.  

The buzz about cloud computing is everywhere; on the TV, Internet, and in 
conferences/workshops being promoted as a business solution. But what is cloud 
computing and what makes it attractive to businesses regardless of the type of business?  
It has emerged to be the latest and greatest trend for businesses that are looking to expand 
their Information Technology to keep up with the ever increasing demand of doing 
business via the internet in order to provide better services to customers and streamline 
business processes.   

In this paper, the author will discuss how cloud computing could provide DeVry 
University the ability to keep up with the demand of its expanding IT infrastructure 
needs, and to provide enhanced options for their students to communicate, collaborate, 
trouble-shoot and adapt in the classroom and online, whether it be the physical or virtual 
classroom.   

What Makes DeVry University Unique?  

DeVry has existed for more than eighty years where it established its humble beginnings 
in Chicago, Illinois.  DeVry has expanded to establish campuses in over 95 locations 
within the United States and Canada, as well as offering online education.  Over the years 
DeVry deems itself as more than a school of technology, and now has five colleges 
within the DeVry family: Business & Management, Engineering & Information Sciences, 
Health Sciences, Liberal Arts & Sciences, and Media Arts & Technology.  In 2003 
DeVry acquired Ross University of Medicine and Ross University of Veterinary 
Medicine.  In 2009, DeVry Brazil became a part of DeVry Inc. DeVry has a wide span of 
locations and educational degrees which makes it unique and creates a great demand to 
create a way for collaboration amongst their students, instructors and the academic 
community. 

Delivery of Education:  

By expanding the method of delivering education to students, DeVry has strived to use 
the best technology to meet the current needs of its wide array of students and campuses.  
Yet, the technology changes so rapidly and there is an increased need to collaborate 
virtually, and this is where cloud computing comes in.  
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What is Cloud Computing?  

Cloud computing is essentially virtual servers that are available over the internet [1].  It is 
the technical means by which everything can be delivered as a service over the internet, 
accessible from any device, any place, anytime. For example, if you log onto Gmail, 
iTunes or Facebook, you are on the cloud. In figure 1 you will see how cloud computing 
is designed to work with different technical devices and this is what makes it very 
appealing, and it can also be attractive to businesses, DeVry in particular, in the 
following ways [2]: 

 Provides Flexibility – ability to work from anywhere 
 Cost Savings- document storage, fewer severs, operating systems 
 Good for the Environment – businesses use 30% less energy 

According to the National Institute of Standards and Technology (NIST), in an article by 
Peter Mell and Timonty Grance, cloud computing models “enable ubiquitous, 
convenient, on-demand network access to a shared pool of configurable computing 
resources (e.g., networks, servers, storage applications, and services) that can be rapidly 
provisioned and released with minimal management effort or service provider 
interaction”[3].  Mell and Grance describe that cloud model consists of five fundamental 
characteristics, three service models, and four deployment models and they are describe 
in more detail in figure 2. 
 

Gartner, which is a trustworthy information technology research and advisory firm that 
provides technology research to global technology business leaders to make informed 
decisions on key initiatives, released a priority matrix report that ranked certain 
technologies in two dimensions – “benefit” and “years to mainstream adoption” for 2009 
– 2011, and it listed cloud computing was in each of those reports, see figure 3.  In 2012, 
Gartner released another report about the top ten strategic technologies that had the 
potential for considerable impact on the enterprise and cloud computing came in at 
number ten [4].  
 

Using Cloud Computing at DeVry: 

DeVry University is a very broad educational institute, offering online and hybrid classes, 
and having the ability to use a cloud computing is advantageous for several reasons. 
Cloud computing is designed to work with different types of technical devices from any 
location, yet it is just as important for the technology and infrastructure of the university 
to be strong, efficient, reliable, and cost efficient.  
 
There are three different types of cloud computing models; public, private and hybrid, 
and each offer different features, costs and benefits. We will now discuss each one to 
help determine which one would be meet the overall needs of DeVry. The public model 
allow an organization to get cloud services with less upfront costs in hardware and skills 
that would allow quicker start up time and greater flexibility, yet it could still have 
security and reliability issues, as well as vague long-term costs. It would be critical to 
compare the total cost of ownership with the existing IT and with potential private cloud 
models. The private model offers advantages to security and control, but also comes with 
a higher initial cost when it comes to skills and hardware since the IT department would 
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be responsible to buy, build and manage their cloud. The hybrid model allows the IT of 
an organization to make the best use of and benefit from both public and private cloud 
services while evading some of the disadvantages.  Hybrid models could provide 
increased flexibility and scalability using fewer resources, yet still comes with concerns 
about privacy and security [5].   
 
Finding ways to save money is important to any organization and businesses face 
economic and market changes that often prove difficult if not impossible to 
forecast.  This tends to leave companies susceptible to swings in demand and either 
under- or over-investment in IT. Finding more effective and less expensive tools to do the 
job is a main goal for every organization. Cloud computing is a new approach to IT that 
isn't just a cost of doing business but potentially something more [6]. 
 

The ideal cloud model for DeVry to implement would be hybrid cloud computing. For 
with cloud computing, DeVry management could rapidly make decisions such as moving 
applications out to a hybrid cloud or taking them back in-house.  The hybrid model would 
allow DeVry to continue paying for the IT resources which already exist in house and are 
functioning. 
 
Is Cloud Computing Secure? 

Security often tops the list of cloud user concerns. Cloud computing presents different 
risks to organizations than traditional IT solutions. There are a number of security issues 
for cloud computing, some of which are new, some of which are exacerbated by cloud 
models and others that are the same as in traditional service provision models. The 
security risks depend greatly upon the cloud service and deployment model. For example, 
private clouds can to a certain extent guarantee security levels, but the economic costs 
associated with this approach are relatively high [7]. 

Since I recommend DeVry use the Hybrid cloud model, security is a concern between the 
Internal IT of DeVry and the Cloud Service Provider (CSP) who will share the 
responsibility of accessing the information as the IT. Usually, it is hard to control the 
access between two different entities at the same time. Also, the cloud API is not 
standardized yet.  

DeVry University has no time limit to retaining documents on their network, such as 
student assignments, case studies, labs, research documents and faculty resources and 
teaching material.  This extensive collection of documents can be accessed by authorized 
DeVry users.  Keeping these documents secure is critical and any new implementation of 
technology must provide security to protect the integrity of students and instructors work.    
Student data security raises a number of concerns, including the risk of loss, unauthorized 
collection and usage and generally the CSP not adequately protecting data. Also, the data 
backup is another concern for DeVry’s IT as well.   
 
According to the Cloud Security Alliance [ 50 ] , the top threats to cloud computing are 
abuse and nefarious use of cloud computing, insecure interfaces and APIs, malicious 
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insiders, shared technology issues, data loss or leakage, account or service hijacking and 
unknown risk profile. They were unable to reach a consensus on ranking the degree of 
severity of these risks [8].  However, the good news here is that DeVry IT is a well 
trained department, and employees follow a standardized process for qualification of 
working with the DeVy IT department.  With a strong policy and standard procedures, 
DeVry can benefit from the hybrid cloud and make it available for all IT departments to 
share the resources and follow problem solving technique. 
 
Since DeVry is teaching other countries, there is another challenge: Cloud computing 
may actually increase the risk of access to confidential information. This may be by 
foreign governments: there can be increased risks due to government surveillance over 
data stored in the cloud, as the data may be stored in countries where previously it was 
not. One example of this is the US Patriot Act, which is an important concern for many 
businesses considering switching to CSP models. I suggest that DeVry keep the sensitive 
information locally for better confidentiality, and the general information in the cloud. In 
general, cloud storage can be more at risk from malicious behavior than processing in the 
cloud because data may remain in the cloud for long periods of time and so the exposure 
time is much greater. On the other hand, there is more potential for usage of encryption in 
cloud storage [9]. 
 

Conclusion: 

DeVry University provides high quality education to students and a main method of 
delivering that education is via the use of technology.  Creating an environment for 
students to achieve their academic goals is imperative to DeVry, and this can be 
accomplished via the use of technology, where students from California can interact with 
students from Brazil, allowing them to interact, collaborate and share their experiences.  
The IT infrastructure of DeVry is adequate, but in order to keep up with the latest 
technology and growing demands, cloud computing can benefit the overall IT needs of 
DeVry by allowing it to maintain a robust network, while saving money and operating 
more efficiently. Overall, moving to a cloud computing environment will be a great 
benefit for DeVry and it must establish a secure environment that will be reliable and 
trusted by management and the IT department.  
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Figure 1: Cloud Computing 

Figure 2: Cloud Computing Models 
Essential Characteristics: Description: 
     On-demand self-service A consumer can unilaterally provision computing 

capabilities, such as server time and network storage, 
as needed automatically without requiring human 
interaction with each service provider. 

     Broad network access Capabilities are available over the network and 
accessed through standard mechanisms that promote 
use by heterogeneous thin or thick client platforms 
(e.g., mobile phones, tablets, laptops, and 
workstations). 

     Resource pooling The provider’s computing resources are pooled to serve 
multiple consumers using a multi-tenant model, with 
different physical and virtual resources dynamically 
assigned and reassigned according to consumer 
demand. There is a sense of location independence in 
that the customer generally has no control or 
knowledge over the exact location of the provided 
resources but may be able to specify location at a 
higher level of abstraction (e.g., country, state, or 
datacenter). Examples of resources include storage, 
processing, memory, and network bandwidth. 

    Rapid Elasticity Capabilities can be elastically provisioned and 
released, in some cases automatically, to scale rapidly 
outward and inward commensurate with demand. To 
the consumer, the capabilities available for 
provisioning often appear to be unlimited and can be 
appropriated in any quantity at any time. 

    Measured Service Cloud systems automatically control and optimize 
resource use by leveraging a metering capability1 at 
some level of abstraction appropriate to the type of 
service (e.g., storage, processing, bandwidth, and active 
user accounts). Resource usage can be monitored, 

28

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



controlled, and reported, providing transparency for 
both the provider and consumer of the utilized service. 

Service Models: Description: 

    Software as a Service(SaaS) The capability provided to the consumer is to use the 
provider’s applications running on a cloud 
infrastructure2. The applications are accessible from 
various client devices through either a thin client 
interface, such as a web browser (e.g., web-based 
email), or a program interface. The consumer does not 
manage or control the underlying cloud infrastructure 
including network, servers, operating systems, storage, 
or even individual application capabilities, with the 
possible exception of limited user-specific application 
configuration settings. 

    Platform as a Service (PaaS) The capability provided to the consumer is to deploy 
onto the cloud infrastructure consumer-created or 
acquired applications created using programming 
languages, libraries, services, and tools supported by 
the provider.3 The consumer does not manage or 
control the underlying cloud infrastructure including 
network, servers, operating systems, or storage, but has 
control over the deployed applications and possibly 
configuration settings for the application-hosting 
environment. 

    Infrastructure as a Service (Iaas) The capability provided to the consumer is to provision 
processing, storage, networks, and other fundamental 
computing resources where the consumer is able to 
deploy and run arbitrary software, which can include 
operating systems and applications. The consumer does 
not manage or control the underlying cloud 
infrastructure but has control over operating systems, 
storage, and deployed applications; and possibly 
limited control of select networking components (e.g., 
host firewalls). 

Deployment Models: Description: 

     Private Cloud The cloud infrastructure is provisioned for exclusive 
use by a single organization comprising multiple 
consumers (e.g., business units). It may be owned, 
managed, and operated by the organization, a third 
party, or some combination of them, and it may exist 
on or off premises. 

    Community Cloud The cloud infrastructure is provisioned for exclusive 
use by a specific community of consumers from 
organizations that have shared concerns (e.g., mission, 
security requirements, policy, and compliance 
considerations). It may be owned, managed, and 
operated by one or more of the organizations in the 
community, a third party, or some combination of 
them, and it may exist on or off premises. 

    Public Cloud The cloud infrastructure is provisioned for open use by 
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the general public. It may be owned, managed, and 
operated by a business, academic, or government 
organization, or some combination of them. It exists on 
the premises of the cloud provider. 

    Hybrid Cloud The cloud infrastructure is a composition of two or 
more distinct cloud infrastructures (private, 
community, or public) that remain unique entities, but 
are bound together by standardized or proprietary 
technology that enables data and application portability 
(e.g., cloud bursting for load balancing between 
clouds). 

 

Figure 3: Gartner Priority Matrix
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The Value of ASEE Membership Especially Related 

to Faculty at Two-Year Institutions 

Walter W. Buchanan, Muhammad H. Kehnemouyi

Buchanan@entc.tamu.edu and muhammad.kehnemouyi@montgomerycollege.edu
 Texas A&M University/ Montgomery College 

Abstract:  The main mission of the American Society for Engineering Education is to provide 
benefits to its members. This is done in a variety of ways including its publications, website, and 
hosting sectional, zone, and its annual meetings. This paper will focus what ASEE is doing and 
can do to provide value to faculty at two-year institutions. 

The American Society for Engineering Education has a long past to be proud of, a significant 
current presence in engineering and engineering technology education, and a future with a lot of 
promise. The main mission of ASEE is to provide benefits to its members, and it has been our 
experience that the annual conference is one of the most important benefits. The opportunity to 
network with engineering and engineering technology faculty around the country, and to learn 
from peers at technical and other sessions is invaluable. As a junior faculty member, getting 
introduced to the Educational Research and Methods Division (ERM) is invaluable. Its sessions 
introduce one to many good pedagogical techniques to be a good instructor. It is also invaluable 
to attend the business meetings and social events, as there you get to network and meet 
colleagues from around the country, who can help you later. Many joint papers can come out of 
these future collaborations. We encourage all of you to bring a junior colleague to the next ASEE 
meeting, whether the national one, or your sectional meeting, and introduce him or her to the 
benefits of attending and participating in these events, both overall ones and sessions in your 
discipline specific field. You will make a friend for life in so doing, as well as benefiting our 
profession. That is because these conferences really are the best place to network with fellow 
engineering educator colleagues, our industry supporters, and get new ideas to improve our 
teaching of engineering and engineering technology. From an attendance of 70, at the first ASEE 
national conference in 1893, last year’s attendance of almost four thousand, almost a third of our 
membership, attests to the value our members place in the annual conference. 

Of course, ASEE does much more to benefit its members, the purpose for its existence. Its 
publications and website are also very important. ASEE’s award-winning Prism magazine goes 
to over 12,000 individuals and is read by many more. This general audience magazine reports on 
state-of-the-art technology and other important issues in engineering education, including 
innovative curricula, updated instructional methods, research opportunities, and K-12 outreach 
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activities that encourage young people to pursue careers in engineering. ASEE also uses its 
website and newsletters to publicize top Prism articles about engineering. Other top ASEE 
publications include the Journal of Engineering Education (JEE), our peer-reviewed 
international journal that is published quarterly by ASEE in partnership with a global community 
of engineering education societies and associations. Jack Lohmann of Georgia Tech did a fine 
job as Editor of JEE during the past ten years, and we are sure the new editor, Michael Loui, at 
the University of Illinois at Urbana-Champaign, will carry on in his fine footsteps. Other 
publications include Advances in Engineering Education, a new journal to disseminate 
significant, proven innovations in engineering education practice, our valuable Engineering 

College Profiles & Statistics Book, Engineering - Go For It, to attract middle-school and high-
school students to engineering and engineering technology, and its many fine division 
publications including the Journal of Engineering Technology (JET), Computers in Education 

Journal, the Engineering Design Graphics Journal, the Chemical Engineering Education 

Journal, The Engineering Economist, plus other guides, blogs, newsletters and websites. The 
ASEE Website is particularly valuable telling all about ASEE, its conferences, publications, 
fellowship programs, awards and resources, and activities in its sections and zones, councils and 
chapters, divisions and groups, the membership directory, job postings, reports relating to 
engineering education, and much more. 
 
One of the co-author’s goals as president of ASEE during this coming year is to expand on the 
society’s already firm foundation. The current past president, Don Giddens, has worked hard this 
past year in being proactive in publicizing what ASEE is all about and getting faculty at 
research-intensive universities and our discipline specific engineering societies to ask, “What 
does ASEE think?” Although research is very important at Research-1 universities, the public is 
more and more demanding an emphasis on good teaching. This is especially true at public 
universities, where state legislators and parents are demanding this, as the cost of higher 
education rises. We know that decreasing financial state support is a factor in this, but we can 
still work to provide good return on investment. ASEE can play a major role in this.  
 
This next year it would be good to concentrate on expanding our value to faculty at two-year 
institutions and thereby increasing their membership, which is currently only 4% of our total. 
The cost of education at two-year institutions is much less than at four-year ones, in many cases 
one-third as much, due to the almost total emphasis on teaching. As the debt of graduating 
seniors rises due to the increasing cost of higher education, it is imperative that, as a country, we 
deal with this. Student debt is now higher than credit card debt in the United States and this is 
unsustainable. One way to deal with this is to encourage students to start their academic careers 
at two-year institutions and then transfer to a four-year institution, since tuition at a two-year 
school can be one-third the tuition of a four-year school in many places. This could be 
accomplished by: 
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1. Enhancing the reputation of community colleges among high school students. College 
counselors in high schools could emphasize community colleges as a recognized and a 
respectable college option and provide students with information about transfer 
compatible schools and courses. For instance, when students are being informed about 
particular majors at certain colleges and universities, counselors should present them with 
the option of beginning that major at any of the community colleges that offer that major 
and have transfer agreements with the institution. They could also highlight the 
advantages of selecting the community college route, which include less tuition cost, 
more emphasis on teaching, more personalized education (smaller student faculty ratio), 
reduced need to work, and thus more focus on academics, which is imperative for the 
initial college years when students are trying to settle down. 
 

2. Working on creating a network of standardized transfer agreements between community 
colleges and four-year institutions for transferable courses that are acceptable across the 
nation. For instance, a chemical engineering curriculum could be created which would be 
offered at several community colleges across the nation and tenderable to different four-
year institutions in several states. The agreements could be regulated by ASEE, ABET, or 
a related organization.  

 
Texas A&M University has an agreement with its local community college where students can 
attend there for two years, while taking a course at Texas A&M each semester and participating 
in any of the student activities that they care to. They are then advised so all credits transfer over, 
as long as they maintain a satisfactory grade point average. The savings cost to the student is 
usually around $10,000. Montgomery College, which enrolls the largest number of engineering 
students in any community college in the nation, has a great model that could be emulated. In 
addition to transfer articulation with the Maryland Higher Education System, their engineering 
department has articulated transfer agreements with several other high ranking four-year 
institutions in other states such as Georgia Tech, RPI, and George Washington University. 
 
Overall, however, the all too common difficulty of two-year to four-year transfer is getting 
proper student counseling. It is not unusual for a transfer student to lose at least a semester of 
student credit hours due to this problem. Better counseling and good articulation agreements can 
go a long way in alleviating this problem. In addition to teaching, transfer counseling should 
become one of the major responsibilities of faculty. Prior experience has shown that when 
faculty members themselves (as opposed to external counselors) are involved in student transfer 
advising and articulation, the transfer process becomes smoother, more efficient and seamless. 
Thus, funds and resources should be made available to train faculty and encourage them to 
participate enthusiastically in student transfer advising and articulation.  
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We would like to see ASEE be a player in this and work with our two-year ASEE faculty 
members to work towards a solution.  
 

1- A proactive step toward this would be to appoint a community college faculty on the 
advisory board of ASEE, so that they have a voice in ASEE and feel some ownership of 
the organization. If only 4% of the membership of ASEE are community college faculty 
and they account for over 46% of the students, then clearly ASEE needs to increase the 
recruiting process  (According to a report published by NSF, 46% of STEM graduate 
start their education at two-year schools.) 

2- A one- or two-day workshop entitled: best practices in transfer articulation between two- 
and four-year schools could also be organized where participants from both types of 
institutions could share successful models during the conference. Montgomery College 
could organize, host, and share its model during one of these conferences. An even more 
effective approach would be to offer summer fellowships to faculty members at 
community colleges and four-year institutions to enable them to collaborate on the 
development of standardized articulation agreements.  

3- ASEE could encourage “Ancillary” accreditation (since ABET doesn’t accredit two-year 
engineering programs).   

 
One problem we have with their membership is less funds for professional membership activity 
and travel at two-year institutions. Our Executive Director, Dr. Norman Fortenberry, recognizes 
this problem and is working to make ASEE more affordable, value-wise, for two-year faculty. 
For starters, two things can be done. We can encourage attendance at sectional meetings and 
work to make these of increasing value to two-year faculty. New and/or outstanding community 
college faculty could be sponsored to attend meetings and also recognized during conferences. 
Publications highlighting community college outreach, teaching and transfer achievements 
should be encouraged during the ASEE annual conference. Currently, the two-year division of 
ASEE is focused on engineering technology and does not incorporate two-year transfer programs 
in its operations. A separate division which emphasizes on transfer articulations and practices 
could be formed. ASEE is also working to make its website more useful and of value to two-year 
faculty. This can result in a sort of virtual meeting in a way. 
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LOW COST FREQUENCY SHIFT KEYING ACOUSTIC MODEM 
FOR UNDERWATER WIRELESS SENSOR NETWORKS 
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Abstract: We focus on the underwater sensor nodes that have applications in 

oceanographic data collection, pollution monitoring, offshore exploration, disaster 

prevention, assisted navigation and tactical surveillance applications. The cost of such 

network of sensors deployed to perform some collaborative monitoring tasks over a given 

area is very expensive. Significant cost of each sensor can be reduced by designing a low 

cost acoustic modem with the same capabilities as an expensive one. In this project, we 

implemented two modems communicating with each other in free air within human 

hearing frequency ranges (20Hz – 20kHz) using off-the-shelf components and Frequency 

Shift Keying (FSK) modulation. We present in detail our solution and the proof of the 

experimental results.  

Key words: wireless sensor networks, underwater acoustic communication, FSK 

modulation. 
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I. Introduction 

      Acoustic underwater communications are governed by three factors: limited bandwidth, 
time-varying multipath propagation, and low speed of sound in water [1] and [2]. In underwater 
environments, radio waves do not propagate well due to above environmental conditions so 
acoustic channels are employed. The propagation speed of acoustic signals in water is about 
1.5x103 m/s, five orders of magnitude lower than the radio propagation speed 3x108 m/s. In 
addition, the bandwidth and the capacity of underwater acoustic channels are limited and depend 
on both transmission range and frequency. Using a densely deployed sensor networks, we can 
target acoustic communication distances of 100-500 m with an expected transfer data up to 
20kb/s using currently available sensor technology.  
      In the sensor system architecture presented in Fig. 1, the underwater sensor nodes (labeled as 
Sink S1 and S2) with wireless acoustic modems are densely distributed in a 3-D dimensional 
underwater space. Each underwater sensor node can monitor and detect environmental events 
locally. The acoustic modems are positioned in clusters on the sea floor and they communicate 
with the center of command and control (CC) via monitoring center (MC). The sinks (equipped 
with a high-bandwidth radio frequency radio frequency communication module and a low-
bandwidth acoustic communication module) relay the received data to the CC center through 
radio links. Thus, this underwater acoustic communication network is connected with the MC 
through wireless modems.  
      According to the underwater acoustic communication research supported by a grant from the 
Department of Defense (DOD, mentioned the Acknowledgments section) the cost of deployed 
acoustic modems in a cluster underwater is very expensive. Each acoustic modem cost more than 
$3,000.00. The purpose of our project was to use cheaper underwater modems that would be 
connected into a Wireless Sensor Network (WSN) having the same capabilities as the before 
mentioned underwater acoustic modems but their cost would be significantly lower namely  
around $1000. 
      In this paper we present the design, the principle of operation, the experimental results  for 
two acoustic modems that could be incorporated in any underwater sensor used  for  applications 
in oceanographic data collection, pollution monitoring, offshore exploration, disaster prevention, 
assisted navigation and tactical surveillance applications. Our task was first, to create a prototype 
of an acoustic modem that can communicate wireless in free air. In this sense we have designed 
two prototypes of acoustic modems that can communicate by using sound waves that are within 
human hearing frequency ranges (20Hz – 20kHz). Price of each of these modems was around 
$50.  Second, we want to visualize the data that was sent and received between the two modems 
together with the signal delays and to present the details of our design. 
     The rest of the paper is organized as following:  Section II gives a brief example of currently 
available underwater acoustic modems. Section III explains design and goes in depth into 
principle of operation of our acoustic modem. In Section IV the hardware design of each of 
major components of our acoustic modem are given. In this section are also show calculations of 
values of all electronic components that are part of these acoustic modems. Section V concludes 
our paper. 
 
II. Example of currently used underwater acoustic modem 

     Under previously mentioned research grant we had work with Desert Star SAM1 Acoustic 
Modem [3] which is presented in Fig.2. It’s cost and performance capabilities are as following:
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cost: $2614.50; working depth range: 300 meters; operating frequency: 38.2 to 42 kHz; Data 
rate: 4800 bauds. The starting point for our research were two publication by Benson [4] and 
Malysa [5].These papers describe prototypes of underwater acoustic modem. In these prototypes 
modulation and demodulation were implemented by using a microcontroller and a FPGA board. 
By contrast, in our project we used modulation and demodulation performed within electrical 
circuits that we have designed.  
 
III. Design and principle of operation of acoustic modem 

      Principle of operation of our proposed project consist in a pair of acoustic modems is 
presented in Fig. 3 and it is as following. The acoustic modem receives digital data, “0” and “1”, 
from function generator. The data were then modulated using frequency shift keying (FSK) 
circuit. The FSK circuit creates two analog signals, at frequencies of 1.2 kHz and 2.2 kHz 
respectively. These signals are then demodulated in FSK demodulation circuit. Demodulated 
signals are then displayed on the oscilloscope. Although our modem operates in air, it is a proof-
of-concept experiment in data transmission techniques that will be used to design a system 
capable of communicating in the underwater environment. The prototype is presented in Fig.3. 
      In first step, the  function generator creates square wave with values of 0V and 2V. These 
two values represent digital signals, namely 0V is logical “0” and 2V is logical “1”, 
respectivelly. This signal is aplied at the input of a FSK circuit part of the accoustic modem. If 
logical “0” is on the input analog signal on the output is Acos(2𝜋2200t). If logical “1” is on the 
imput then analog signal on the output is Acos(2𝜋1200t). Imput signal and output signal can be 
seen in Figure 5. 
      The value of the signal on the output of the FSK modulation circuit was around 100mV. This 
voltage value was not strong enough to drive the speaker. So the FSK modulated signal was 
applied into power amplifier. In the power amplifier, signal was amplified 120 times. Signal 
from the output of power amplifier went into speaker. In the speaker two distinct sounds were 
created according to the frequency of the input signal. These two sounds propagate freely 
through air. On the distances up to 3m they are picked up with microphone of second acoustic 
modem. Signal on the input of the speaker of the first acoustic modem and the signal on the 
output of the microphone of the second acoustic modem are displayed in Figure 6. 
       As mentioned before output of microphone of the second acoustic modem is FSK signal that 
is identical to the FSK signal generated in first acoustic modem. This signal then applied into  
FSK demodulation circuit. In Figure 7 we can see data (square wave from function generator) 
that are applied into first acoustic modem and data on the output of second acoustic modem. 
Identical square wave was generated. Frequency of the square wave was 160Hz. Time period of 
data send was T=0.0625s, and the delay of the received data was approximately 1/5 T of data 
send 0.00125s. 

IV. Components and  hardware description 
 
     In this section we focus on the explanation of the design major parts of designed circuits: FSK 
modulating circuit, power amplifier, and the major part of receiving circuit: FSK demodulating 
circuit. In the Table 1 is presented the list of components used in building these acoustic 
modems. The FSK modulating circuit is built around the Monolithic Function Generator 
XR2206 XR Chip. One of the functions of this chip is that it performs FSK modulation. The chip 
connections and all circuit components are given  in Figure 8.  
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     Principle of operation is the following and it is explained is the specification sheet of XR2206 
chip [6]: the XR-2206 can be operated with two separate timing resistors, R1 and R2, connected 
to the timing Pin 7 and 8, respectively, as shown in Figure 8. Depending on the polarity of the 
logic signal at Pin 9, either one or the other of these timing resistors is activated. If Pin 9 is open-
circuited or connected to a bias voltage ≥2V, only R1 is activated. Similarly, if the voltage level 
at Pin 9 is ≤1V, only R2 is activated. Thus, the output frequency can be keyed between two 
levels: f1 and f2, as : f1 = 1/R1C and f2 = 1/R2C For split-supply operation, the keying voltage at 
Pin 9 is referenced to V-. We used the following values: R1= 83kΩ, R2=44kΩ  and C=0.01µF. 
For the power amplifier we have used off the shelf 7 Watt Mono Audio Amplifier Kit[7] . 
Diagram of this power amplifier is shown in Figure 9. 
      The FSK demodulating circuit is build around Tone Decoder XR 2211CP Chip. One of the 
functions of this chip is that it performs FSK demodulation. Chip connections and all circuit 
components can be seen in Figure 10. Detailed principles of operation of XR2211 chip could be 
found in it’s the specification sheet [8]. A Brief description of the XR-2211 chip is as the 
following:  is a monolithic phase-locked loop (PLL) system especially designed for data 
communications applications. It is particularly suited for FSK modem applications. It operates 
over a wide supply voltage range of 4.5 to 20V and a wide frequency range of 0.01Hz to 
300kHz. It can accommodate analog signals between 10mV and 3V, and can interface with 
conventional DTL, TTL, and ECL logic families.  
      The circuit consists of a basic PLL for tracking an input signal within the pass band, a 
quadrature phase detector which provides carrier detection, and an FSK voltage comparator 
which provides FSK demodulation. External components are used to independently set center 
frequency, bandwidth, and output delay. An internal voltage reference proportional to the power 
supply is provided at an output pin. The XR-2211 is available in 14 pin packages specified for 
military and industrial temperature ranges [6]. Pin 2 is receiving FSK modulated signal from the 
microphone. On the pin 7 is the output of the demodulated signal. All other components in figure 
9 are found through following equations. These equations are also available in XR-2211 
specification sheet. 
 
Calculations 
 
Mark frequency f1=1200Hz (logical “1”) 
Space frequency f2=2200Hz (logical “0”) 
Center frequency f0 = �𝑓1 ∗ 𝑓2 = √1200𝐻𝑧 ∗ 2200𝐻𝑧 = 1624Hz 
Timing resistor R0, recommended value R0 = 22 kΩ 
Rx=10 kΩ 
VCO Center Frequency f0 = 1

𝑅0𝐶0
   

C0 =  1
𝑅0𝑓0

 = 1
22000𝑘Ω∗1624𝐻𝑧

 = 27.9nF ≈ 0.022µF 
 
Desired tracking bandwidth ∆𝒇 is determined from following equation: ∆𝑓

𝑓0
 = 𝑅0

𝑅1
   

R1 = 𝑅0𝐹0
500𝐻𝑧

 = 22000𝑘Ω∗1624𝑘𝐻𝑧
500𝐻𝑧

 = 71.4kΩ ≈ 68kΩ 
C1 is calculated to determine loop damping 
C1=  1250∗𝐶0

𝑅1∗℥∗℥
  , where ℥=0.5 so C1 =  1250∗0.022µF

𝑅1∗0.5∗0.5
  =1.61nF 
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Rf should be at least five times bigger R1, so Rf > 5R1 = 340kΩ ≈ 400kΩ . 
Rb should be at least five times bigger Rf  so Rb = 5Rf = 2MΩ. 
Rsum =  (𝑅𝑓+𝑅1)𝑅𝑏

(𝑅𝑓+𝑅1+𝑅𝑏)
 = (400kΩ+68kΩ)2000kΩ

400kΩ+68kΩ+2000kΩ
 =379.25 kΩ 

Cf =  0.25
𝑅𝑠𝑢𝑚∗𝐵𝑎𝑢𝑑 𝑅𝑎𝑡𝑒

=  0.25
379.25Ω∗1200𝐵𝑎𝑢𝑑

 = 0.549nF 

Cd > 16
∆𝑓

µF = 16
200𝐻𝑧

µF = 0.08 µF 
Rd = 470 kΩ 
V. Conclusions 

 
The main goal of this project was to design two low cost acoustic modems that 
communicate in free air and the experimental results are given in this paper. By using 
the FSK communication schemes, two waves at frequencies of 1.2 kHz (logical “0”) 
and 2.2 kHz (logical “1”) were generated. Our error was undetectable. There was time 
delay between transmitted and received signal due to time period of propagation of 
sound. We have created two prototypes of acoustic modems that can communicate in 
free air over sound waves that are within human hearing frequency ranges (20Hz – 
20kHz). Price of each of these modems was around $50. In the future we want to use 
these two modems for underwater research. 
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Figure 1:  Underwater wireless sensor network 
 
 
 
 
 
 

 

Figure 2: Desert Star SAM1 
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Figure 3. Two prototype modems communication scheme. 
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Figure 4.  Sending circuit: FSK modulation circuit, amplifier and speaker.  Receiving circuit: 
microphone and FSK demodulator. Black – Power Amplifier for the speaker. Yellow – FSK 
modulation circuit built around (XR2206). Red – FSK demodulation circuit built around 
(XR2211). Blue – Speaker and Microphone. 
 
 
 
 

 

Figure 5. Channel 1(yellow): Input wave from Channel 2(blue) : FSK output – input to the 
speaker. 
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Figure 6. Channel 1: FSK modulator output – input to the speaker  Channel 2 : Output of 
Microphone – input to demodulator. 
 
 
 

 

Figure 7. Channel 1(yellow): Input wave form. Channel 2(blue): FSK Output of the demodulator. 
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Table 1 
 

NAME  PART# VENDOR UNIT PRICE QUANTITY 

Monolithic Function 
Generator  

XR2206CP XP EXAR $6.25 2 

Tone Decoder XR2211CP XP EXAR $13.90 2 

3 Watt, 8 ohms speaker 668-1125-ND Digi-Key $5.53 2 

Omnidirectional 
Electric Microphone 

WM-
62CY513 

Panasonic $1.99 2 

7 Watt Mono Audio 
Amplifier Kit 

VEK4001 Carl’s 
Electronics 

$17.95 2 

Resistors N/A E-Lab Free N/A 

Potentiometers N/A E-Lab Free N/A 

Capacitors N/A E-Lab Free N/A 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. FSK Modulating Circuit 
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Figure 9. Power amplifier circuit 

 

 

 

 

 

 

 

 

 

 

Figure 10. FSK demodulation circuit  
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Abstract: The term Sustainability aims to describe the capacity of meeting the needs of the 
present without compromising the future. Educators repeatedly say: “teach a man to fish and you 
feed him for a lifetime!” Indeed, the modern uses of the term Sustainability are inspiring in quality 
education. Yet, there hasn’t been a serious effort to formulate quality education based on 
sustainability. In this paper, we define the “Sustainability of Technical Education.” The 
Sustainability of Education is defined in terms of the ability of the educational system and 
approach to improve without reducing its capacity to endure. Based on our definition, we refine a 
framework for measuring the sustainability of education in higher-education institutions. The 
structure of the refined framework comprises criteria, measures, indicators, and a detailed set of 
rubrics. The paper evaluates the proposed definitions and framework, and sets the ground for a 
pilot study using a case-study methodology. 

Keywords:  Technical Education, Engineering, Assessment, Measurement, Sustainability. 

Introduction: 

Sustainability is a buzzword in modern times. Many areas have been attracted to 
use the term Sustainability to refer to keeping up, prolonging, and enduring. 
Sustainability have been used in areas such as development, ecology, energy, 
biology, to name a few. According to [1], sustainability is the noun form of the 
verb to sustain, and it means to keep up, prolong, endure, etc. The term 
Sustainability is sometimes coupled with the synonym Maintainability which 
means to keep in an appropriate condition or to sustain against opposition or 
danger. The main difference between Sustainability and Maintainability is the 
amount of energy and the type of effort needed to maintain or sustain. To sustain 
entails requiring more energy and to actively providing support to keep up and 
improve. Without sustainability, a collapse is expected. However, to maintain is a 
less demanding action that has no expectations for improvement. Without 
maintainability, a collapse is also expected.  

The term Sustainability has been mainly adopted in Development. In [2], the 
World Commission on Environment and Development (WECD) defined 
sustainable development as "development which meets the needs of the present 
without compromising the ability of future generations to meet their own needs." 
Barbier, as cited in [3] interpreted the definition of the WECD by describing 
sustainable development as indistinguishable from the total development of 
society. Other definitions of sustainable development includes the following: 
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• "Sustainable means using methods, systems and materials that won't deplete resources or 
harm natural cycles" [4] 

• Sustainability "identifies a concept and attitude in development that looks at a site's natural 
land, water, and energy resources as integral aspects of the development" [5] 

• "Sustainability integrates natural systems with human patterns and celebrates continuity, 
uniqueness and placemaking" [6] 

 
The term Sustainability is also used in business, management, biology, and ecology. In business, 
Sustainability is defined as the “triple bottom line” in terms of increasing profits, improving the 
planet, and improving people’s lives [7]. In [8], the authors defined two kinds of business values, 
namely, situational and sustainable. According to the authors, leaders, companies, or individuals 
guided by situational non-sustainable values make decisions based on the existing situation and 
regardless of the interests of their communities. However, the term Sustainability is still not 
widely spread or formally defined in business terms. In management, Manock and Britton 
addressed Sustainability in a risk management context [9,10]. The authors discussed strategies, 
activities, and challenges to effectively managing risks, whilst maintaining continual 
improvement and development. In biology, the term Sustainability is mainly used for describing 
biological systems that remain diverse and productive over time. Ecological sustainability 
focuses on the society, economy, and the environment. The sustainability of the ecosystem is 
best understood in terms of human’s impact on earth resources and the search for renewable 
energy.  
 
The rich literature of sustainable development pro-dominates the public use of the term 
Sustainability. The practice of teaching for sustainable development is usually referred to as 
Sustainability Education, Education for Sustainability, or Education for Sustainable 
Development (ESD). ESD is the term adopted by the United Nations [11,12,13,14,15].  
 
Nevertheless the principles of Sustainability are inspiring to many areas, very little work have 
been reported to address the Sustainability of Education (SoE). Damaj et al. in [16, 17] presented 
the first use of the term Sustainability of Education (SoE) within an engineering context. Damaj 
et al. promoted the idea of looking into how sustainable an educational institution is in terms of 
the continuity of functioning with quality. The authors also promoted the idea of preparing 
students with the sustainable values of being self-directed, self-learners and thus lifelong 
learners. The presented term was kept informal and supported only by good practices pertaining 
to a specific region. The authors didn’t answer the question on how to clearly define the term 
SoE and how to develop a measurement framework for its assessment. 
 
In this investigation, we define the term SoE and develop measurable SoE indicators. The 
investigation addresses issues related to SoE in general and for the Sustainability of Technical 
Education (SoTE) in Particular. Here, technical education is concerned with Engineering, 
Engineering Technology, Computing , and Applied Science. 
 
This paper is organized so that the next section defines SoE and SoTE. The following section 
explains the measurement framework. A later section provides a general evaluation. The last 
section concludes the paper and sets the ground for future work. 
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Defining the Sustainability of Education:  

In terms of education, we define Sustainability as the ability to continuously improve without 
reducing the capacity to endure. In other words, the SoE is Improvability and Endurance. The 
SoE is achieved at two levels, namely, the system and approach levels. At the system level 
comes the educational institution that should be able to improve without reducing its ability to 
endure. The institution should adopt an approach that strives to produce professionals that have 
sustainable values. Sustainable values include being self-directed, self-learner, lifelong learner, 
etc. Although Sustainable Development has inspired the creation of the term SoE, it is not to be 
mixed with the term ESD. 
 
Improvability and Endurance are observed as the objectives or pillars of Sustainability (See 
Figure 1). To stress that the two objectives are to be well integrated, they are modeled as 
interlocking circles. The interlocking circles model helps to show the action and the required 
change to redress the balance between the two objectives. The interlocking circles model is 
depicted in Figure 2. 
 
In Figure 3, we depict the desirable SoE, the possible realities of being sustainable, partially 
sustainable, barely sustainable, and the change needed. Being partially sustainable means having 
a satisfactory ability to improve with a growing capacity to endure. Being partially sustainable 
also means having a satisfactory capacity to endure with a growing ability to improve. The 
attribute of being barely sustainable means having growing ability to improve and capacity to 
endure. The attribute of being unsustainable means having low ability to improve and/or capacity 
to endure. The different attributes of  SoE are shown in Table 1. We consider the case were one 
of the two objectives is found to be satisfactory while the other is low as less likely to exist; 
accordingly the corresponding area in Table 1 is left without shading and unclassified. 
 
The Measurement Framework: 

The proposed measurement framework of SoTE defines nine different criteria. Each criterion 
covers one part of the educational system and also the approach. Accordingly, each criterion has 
its own set of key performance measures (KPMs). For every KPM, there is one or more key 
performance indicator (KPI) to enable the measurement. Every KPI has its own analytic rubric 
that will aid the calculation of different indicators including a one main indicator called the 
Sustainability Indicator (SI) – see Figure 4. The sustainability criteria that we judge SoTE upon 
is shown in Table 2. 
 
Criterion I, Leadership and Governance, measures the sustainability of the institutional strategic 
plans and the degree of its adoption of the principles of SoTE. Criterion I aims to widely cover 
governance issues, accreditation effort, quality assurance, policy management, review systems, 
and fundraising - all within the context of sustainability. The KPMs, and accordingly the criteria, 
are best understood in terms of the detailed KPIs. Student Learning by Coursework Program, 
Criterion II, monitors curricular issues related to SoTE. Here, the criteria also looks into program 
educational objectives, student outcomes, assessment plans, curricula, and issues related to 
plagiarism. Criterion III, Student Learning by Research Program, measures the sustainability of 
the research program including research support. Faculty Research and Consultancy, Criterion 
IV, looks mainly into the sustainability of faculty research objectives, professional development 
for research, consultancy activities, and research-teaching nexuses. Criterion V, Industry and 
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Community Engagement, focus on the sustainability of the relationship between the institution 
and the community in general including the industry and the alumni. Criterion VI, Academic 
Support Services, measures the sustainability of different administrative services, such as, the 
registrar, admissions, etc. Criterion VIII, Faculty and Staff Support Services, measures the 
organization climate, retention, professional development, promotion, and other incentives. 
Criteria IX, measures campus services, public relations, and marketing. The nine criteria are 
expanded into 34 KPMs; the KPMs are listed in Table 3. 
 
The KPIs and their analytic rubrics are the most extensive part of the measurement framework. 
The KPIs and the rubrics are very carefully developed within the context of SoTE. The first 
version of KPIs includes 79 indicators of which 19 indicators are further divided into sub-KPIs. 
Yet, the proposed measurement framework contains a total of 171 KPI and sub-KPI with their 
analytic rubrics. The list of developed KPIs is shown in Table 3; here, the KPIs are sorted per 
KPM and per Number. A sample KPM with a few of its KPIs and rubrics are shown in Table 5.  
The rubric uses the scale Nascent, Beginning, Developing, Competent, and Accomplished. The 
design rationale of every KPI is area-specific and has required deep understanding of the 
technicalities of the measured area. Due to the wide coverage of the framework, we had to deal 
with many different areas related to higher education. The following strategies are adopted to 
insure the adequacy and verify the developed rubrics: 
 

• Interviews with experts 
• External reviews 
• Comparisons with existing rubrics 
• Developing a rich and standardized set of rubric descriptors 

 
The presented framework provides opportunities for wide and deep measurements. The 
measurements could be interpreted per criteria, KPM, KPI, and/or combined forms. The 5-point 
rubric scale of KPIs – Nascent, Beginning, Developing, Competent, and Accomplished is 
mapped onto constant values. The measured KPIs are then each divided by measurements from a 
reference institution for normalization and for producing performance ratios. One of the 
combined measurement forms is the SI, which is the Geometric Mean of all ratios. Although the 
SI require the normalization with respect to reference measurements, other indicators are 
absolute. 
 
To help understanding the calculation of the SI, a statistical and mathematical formulation is 
presented. The SI is a statistical composition of all of the nine criteria: 
 
                                                                                

             
 
The measurement for every criterion is done using a statistical composition of all of its KPMs: 
 
                                                                   

       
 
The measurement for every KPM is done using a statistical composition of all of its KPIs: 
 
                                                                    

                     

50

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



Therefore, The SI is the statistical composition of all the KPIs of all KPMs of all criteria. 
 
                                         
 
Many of the selected KPIs are calculated using a formula. Other KPIs are mapped onto a number 
(6.25, 12.5, 37.5, 62.5, and 87.5) using the 5-point rubric scale – Nascent, Beginning, 
Developing, Competent, and Accomplished. The measured KPIs are then each divided by 
measurements from a reference institution for normalization and for producing performance 
ratios calculated according to the following formula: 
 

        
          

          
   

                          
                       

 

Then, the SI is the Geometric Mean [18, 19] of all ratios: 
 
    √      

                   
 
The overall SI provides a quantitative classification criterion. An assumed sample calculation for 
a single institution is shown in Table 6. The calculation of the SI for different institutions 
according to the same reference produces a classification; an assumed sample classification is 
shown in Figure 5. 
 
General Evaluation and Case-study Setup: 

Sustainability, in its general meaning and also as defined in development, inspires the creation of 
a framework for quality education. The SoE could be defined in terms of the ability, of the 
educational system and the approach, to continuously improve without reducing the capacity to 
endure. Here, sustainability is not defined over a specific period of time; it is a property that 
continues with no stop. Improvability and endurance are considered as the basis upon which 
sustainable education can be built.   
 
The framework we propose provides reference criteria for institutional measurements of the SoE. 
Accordingly, the SoE criteria enable the development, probing, and tuning of broad aspects of 
the educational system and the approach. The criteria are made specific with the choice of 
KPMs, and made more specific by the choice of KPIs. The way we specify the criteria allows for 
widening the coverage by expanding the criteria, KPMs, and/or the proposed KPIs. In a 
hierarchal structure, the criteria, KPMs, KPIs, and rubrics construct a framework that enables the 
measurement of the SoE/SoTE. Several returns are noted for the developed framework including 
the following: 

• Its conceptual base promotes for a new perspective that serves quality education 
• Its conceptual base is refined into a clear measurement structure 
• It formulates a novel methodology for measurement based on the modern concept of 

sustainability 
• It well defines and captures the intended meaning of the term sustainability with simplicity 
• The tree structure of measurement enables the drawing of conclusions at different 

measurement levels of abstraction, namely, the criteria, KPM, and KPI levels 
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• It supports, combines, and hybridizes both quantitative and qualitative measurement styles
• The criteria covers a wide area of institutional and programmatic aspects, and therefore it is

horizontally wide
• The KPMs, KPIs, and rubrics enable a vertically deep measurement; it is a drill exercise that

can reach micro levels
• It is scalable and upgradable without changing the statistical computation or the structure of

the measurement
• The KPIs and rubrics are extensive, comprehensive, and provide a rich reference
• It provides a bouquet of statistical indicators including the SI
• It provides opportunities for inter-institutional measurements and cross-institution

benchmarking
• It adopts ABET [20] terminology for its relevance to technical education, namely,

Engineering, Engineering Technology, Computing, and Applied Sciences
• It could contribute to the standards of quality education and technical education

On top of all priorities comes the preaching for and the cultivation of the SoE principles, where 
all aim to build a sustainable education that can improve and endure endlessly. In addition, the 
proposed framework shares several common challenges with the regular efforts of providing 
quality education. The following challenges are pinpointed to be important to the adoption of the 
proposed methodology: 

• The commitment, adequate investment, and support of the governing body of the institution
• The application of an educated change management
• The change dynamics of the institution
• The spreading of SoE awareness institution-wide
• The ensuring of institutional effectiveness
• The creation of a culture of assessment
• The cultivation of relationships with external constituents
• The availability of an adequate infrastructure
• The creation of a positive organizational climate

In this project, the theoretical proposition is that the presented measurement tool accurately a) 
describes the content and constructs that comprise sustainability of technical education in a 
higher education setting, and b) measures the sustainability. Work in progress aims to execute a 
multistage data collection procedure for a pilot study using a case-study methodology for one 
case that targets a single institution. The case study aims to answer the following questions: 

• Do measurement tool scores reliably provide information about the sustainability of
education that the institution provides?

• What is the correlation coefficient between the measurement tool scores and scores from
other established instruments that measure the same or similar criteria?

• To what extent does the implementation of the study assessment bring benefits to
participating Institution?

• To what extent does the implementation of the study contribute to demonstrating its value
for the improvement of sustainability of education?
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Conclusions: 

The paper presents a new concept that defines the “Sustainability of Technical Education.”  A 
structured measurement framework is refined from the two defined pillars of Sustainability, 
namely, Improvability and Endurance. The measurement framework has 9 criteria, 34 KPMs, 
and a total of 171 indicators with their analytic rubrics. The measurements are statistically 
combined to produce a bouquet of indicators including the “Sustainability Indicator.” The 
developed framework is well-structured, scalable, and widely covers educational aspects. Future 
work include carrying out a study using a case-study methodology for multi-sites. Future work 
also include expanding the measurement tool to capture wider institutional and programmatic 
aspects. 
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Figure 1. The pillars representation of SoE. 
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Figure 2. Interlocking circles representation of SoE. 
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Figure 2. The two objectives of SoE; the desirable sustainability, the reality of being partially or 

barely sustainable, and the change needed. 
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Table 1. The attributes table of the SoE objectives. 
 

The Attributes Table of 
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Low Unsustainable Unsustainable  

Growing Unsustainable Barely Sustainable Partially Sustainable 

Satisfactory  Partially Sustainable Sustainable 

 
 
 

Sustainability

Criteria I Criteria II Criteria III Criteria IX

KPMs

KPIs

Rubrics Indicators
 

 

Figure 3. The measurement framework for SoE.  
 

Table 2. The SoTE criteria. 
 

No. Criterion No. Criterion 

I. Leadership and Governance VI. Academic Support Services 
II. Student Learning by Coursework Program VII. Student Support Services 
III. Student Learning by Research Program VIII. Faculty and Staff Support Services 
IV. Faculty Research and Consultancy IX. General Support Services and Facilities 
V. Industry and Community Engagement   
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Table 3. The KPMs per criteria. The numbering shows the Criterion and KPM numbers. 
 

No. Criterion/KPM No. Criterion/KPM 

I Leadership and Governance V Industry and Community Engagement 

I.1 Strategic Planning V.1 Industry and Community 
I.2 Governance V.2 Alumni 
I.3 Accreditation and Quality Assurance VI Academic Support Services 

I.4 Policy Management VI.1 Admission 
I.5 Entity and Activity Review Systems VI.2 Registrar 
I.6 Fundraising VI.3 Information Technology Services 
II Student Learning by Coursework Program VI.4 Student Learning Support 
II.1 Program Educational Objectives VI.5 Teaching Resources 
II.2 Student Outcomes VI.6 Library 
II.3 Curriculum VII Student Support Services 
II.4 Assessment VII.1 Student Activities 

II.5 Plagiarism VII.2 Student Behavior 
III Student Learning by Research Program VII.3 Student Grievance 
III.1 Research Program VII.4 Career and Employment Services 
III.2 Student Research Support VIII Faculty and Staff Support Services 

IV Faculty Research and Consultancy VIII.1 Staff Professional Development 
IV.1 Faculty Research VIII.2 Staff Promotion and Incentives 
IV.2 Professional Development for Research VIII.3 Faculty and Staff Organizational Climate and Retention 
IV.3 Consultancy Activities IX General Support Services and Facilities 

IV.4 Research-Teaching Nexus IX.1 Campus Services 
- - IX.2 Public Relations 

 

Table 4. The list of developed KPIs showing the Criteria, KPM,  and KPI numbers. 
 

No. KPM/KPI No. KPI 

I.1 Strategic Planning V.1 Industry and Community 

I.1.1 Value and are committed to the  sustainability of education V.1.1 Cultivate relationships with the industry and community 
I.1.2 Invest in quality education V.2 Alumni 

I.2 Governance V.2.1 Cultivate alumni relationships 
I.2.1 Able to Improve VI.1 Admission 

I.2.2 Retain the institution head VI.1.1 Recruit Students 
I.2.3 Retain academic administrators VI.1.2 Retain Students 
I.2.4 Retain staff VI.2 Registrar 

I.2.5 Retain faculty VI.2.1 Facilitate Registration 
I.2.6 Students to faculty ratio VI.2.2 Keep records 
I.2.7 Handle the effect of change of people in position VI.3 Information Technology Services 

I.2.8 Benchmark against other institutions VI.3.1 Develop Plans 
I.2.9 Develop faculty and staff VI.3.2 Develop Policies and Procedures 
I.2.10 Balance faculty load VI.3.3 Develop infrastructure 
I.2.11 Apply selective recruitment VI.3.4 Probe products and services 
I.2.12 Implement a work breakdown structure with defined 

authority and responsibility 
VI.3.5 Manage organization and external relationships 

I.2.13 Offer promotion opportunity VI.3.6 Ensure funding 
I.2.14 Value diversity VI.4 Student Learning Support 

I.2.15 Manage the change VI.4.1 Provide training opportunities for student 
I.3 Accreditation and Quality Assurance VI.4.2 Assess training impact 
I.3.1 Probe quality VI.4.3 Provide academic advising 
I.3.2 Work on autonomy VI.5 Teaching Resources 

I.3.3 Participate in institutional and professional accreditations VI.5.1 Provide general learning facilities 
I.4 Policy Management VI.5.2 Maintain service per user policies 
I.4.1 Develop and review policies VI.5.3 Provide major-specific learning facilities 
I.5 Entity and Activity Review Systems VI.5.4 Adopt a maintenance and upgrade policy 
I.5.1 Evaluates Institutional Effectiveness at the review level VI.6 Library 

I.5.2 Evaluates Institutional Effectiveness at the planning level VI.6.1 Assure currency of resources and facilities 
I.6 Fundraising VI.6.2 Assure sufficient resources and facilities 
I.6.1 Participate in Fundraising VI.6.3 Service the community 
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…Table 4. Continue 
 

No. KPM/KPI No. KPI 

II.1 Program Educational Objectives VII.1 Student Activities 

II.1.1 Develop Program Educational Objectives VII.1.1 Incorporates sustainability outcomes into student activities 
II.2 Student Outcomes VII.2 Student Behavior 

II.2.1 Develop Student Outcomes VII.2.1 Adopt and apply a code of conduct 
II.3 Curriculum VII.2.2 Provide counseling 
II.3.1 Align curriculum VII.3 Student Grievance 

II.4 Assessment VII.3.1 Provide a grievance system 
II.4.1 Plan assessment VII.4 Career and Employment Services 

II.4.2 Probe quality VII.4.1 Provide career planning advice and training 
II.4.3 Build a culture of assessment VIII.1 Staff Professional Development 

II.5 Plagiarism VIII.1.1 Assess training needs, and provide and organize professional 
training 

II.5 Control plagiarism VIII.2 Staff Promotion and Incentives 

III.1 Research Program VIII.2.1 Adopt reward and promotion systems 
III.1.1 Probe Quality VIII.3 Faculty and Staff Organizational Climate and Retention 

III.1.2 Align research objectives with the National, Regional, and 
International Research Directions 

VIII.3.1 Measure, maintain, and improve satisfaction 

III.1.3 Provide research facilities VIII.3.2 Adopt and apply a code of conduct 
III.1.4 Provide quality supervision VIII.3.3 Provide a grievance system 
III.2 Student Research Support IX.1 Campus Services 

III.2 Provide and pursue research funds IX.1.1 Has a Campus 
IV.1 Faculty Research IX.1.2 Probes Quality 
IV.1.1 Align research objectives with the National, Regional, and 

International Research Directions 
IX.1.3 Improve the Campus 

IV.1.2 Probe Quality IX.2 Public Relations 

IV.2 Professional Development for Research IX.2.1 Assess the market 
IV.2.1 Implement a Professional Development System IX.2.2 Engage the market 
IV.3 Consultancy Activities IX.2.3 Publish university materials 
IV.3.1 Observe consultancy activities as professional development -  
IV.4 Research-Teaching Nexus -  
IV.4.1 Incorporate research and scholarly activities in the learning 

process 
-  

 

Table 5. Sample KPM, KPIs, Sub-KPIs, and rubric from Criteria I, II and V. 
 

Criterion I – Leadership and Governance 

General Rubric (Nascent: Below the Beginning level, Beginning, Developing, Competent, Accomplished) 
KPM KPI Beginning Developing Competent Accomplished 

G
ov
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nc
e 

V
al

ue
 d

iv
er

sit
y 

The institution faculty and 
staff are homogeneous based 
on gender, nationality, race, 
age, etc. Only the core 
management group exercises 
academic freedom. 

The institution has 
individuals with limited 
diversity based on gender, 
nationality, race, age, etc. 
Academic freedom is 
adequately insured and 
exercised among the top 
levels of the organization. 

The institution has diverse 
individuals based on gender, 
nationality, race, age, etc. 
Academic freedom is insured 
and exercised among specific 
groups. 

The institution has very 
diverse individuals based on 
gender, nationality, race, age, 
etc. Academic freedom is 
insured and exercised 
institution-wide. 

M
an

ag
e 

th
e 

ch
an

ge
 

The institution adopts a top-
down change approach. The 
environment of the institution 
is not dynamic, resistant to 
the change with weak 
commitment. Only the core 
management group maintains 
awareness. 

The institution applies OD1 
on a multi-annual basis. The 
environment of the institution 
is somewhat dynamic with 
decreasing resistance and 
growing commitment to the 
change. The institution 
maintains change awareness 
among the top levels of the 
organization. 

The institution applies OD on 
a term basis. The 
environment of the institution 
is dynamic with moderate 
resistance and commitment to 
the change. The institution 
maintains change awareness 
among specific groups. 

The institution applies OD on 
daily or very regular basis. 
The internal environment of 
the institution is highly 
dynamic, with no resistance, 
and strongly committed to the 
change. The institution 
maintains change awareness 
institution-wide. 

                                                      

1 Organization development (OD): planning, participation, diagnoses, intervention, and 

evaluation. 

57

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



…Table 5. Continue. 
 

Criterion II – Student Learning by Coursework Program 

General Rubric (Nascent: Below the Beginning level, Beginning, Developing, Competent, Accomplished) 
KPM KPI Beginning Developing Competent Accomplished 

St
ud

en
t O

ut
co

m
es

 

D
ev

el
op

 S
tu

de
nt

 O
ut

co
m

es
 

The program is in the initial 
stages of defining its student 
learning outcomes. Relevant 
institution-wide learning 
outcomes and/or sustainability 
outcomes as related to 
improvability and endurance 
are not necessarily considered. 

The program has articulated a 
manageable number of 
observable, measurable 
student learning outcomes 
within the context of the 
curriculum.  
 
The program may be 
developing performance 
criteria connected to the 
outcomes. Relevant 
institution-wide learning 
outcomes and/or 
sustainability outcomes as 
related to improvability and 
endurance may be 
considered. 

Student learning outcomes 
are aligned with program 
goals and are defined by a 
manageable number of 
performance criteria.   
 
Outcomes are contextualized 
in the curriculum and reflect 
the national, regional, and 
international conversation on 
teaching and learning in the 
discipline.  
 
Outcomes are publicly shared 
and they include relevant 
institution-wide learning 
outcomes and/or 
sustainability outcomes as 
related to improvability and 
endurance (e.g., lifelong 
learning, critical thinking, 
etc.). 

The program clearly 
demonstrates how its student 
learning outcomes support the 
program objectives and the 
university’s core themes (i.e., 
strategic and learning goals).  
 
The program situates its 
outcomes in the national, 
regional, and international 
discussion around teaching and 
learning in the discipline. 
 
It routinely verifies the 
relevance of its curriculum, 
performance criteria, 
measurement tools and 
assessment processes by 
soliciting feedback from 
multiple stakeholders. 
Stakeholders, including faculty 
and students, engage in refining 
student learning outcomes and 
measures.  
 
The student learning outcomes 
include sustainability outcomes 
as related to improvability and 
endurance (e.g., lifelong 
learning, critical thinking, etc.). 

Criterion V – Industry and Community Engagement 

In
du

st
ry

 a
nd

 C
om

m
un

ity
 

C
ul

tiv
at

e 
re

la
tio

ns
hi

ps
 w

ith
 th

e 
in

du
str

y 
an

d 
co

m
m

un
ity

 

Sub-KPI: Policies 
Demonstrate a basic knowledge 
of the imperatives of 
community engagement by 
implementing less accurate 
policies of community 
engagement. 

Demonstrate an adequate 
knowledge of the imperatives 
of community engagement 
by implementing somewhat 
accurate policies of 
community engagement. 

Demonstrate a sound 
knowledge of the imperatives 
of community engagement 
by implementing accurate 
policies that institutionalize a 
focus on community 
engagement. 

Demonstrate a comprehensive 
knowledge of the imperatives 
of community engagement by 
implementing highly accurate 
policies that institutionalize a 
focus on community 
engagement. 

Sub-KPI: Activities 
The policies minimally support 
community engagement by 
holding activities and programs 
that allow limited access to 
facilities, in addition to having 
less functional advisory boards 
(IAB, SAB) which limitedly 
ensure a reasonable likelihood 
of sustainable outcomes. 

The policies somewhat 
support community 
engagement by holding 
activities and programs that 
allow adequate access to 
facilities, in addition to 
having somewhat functional 
advisory boards (IAB, SAB) 
which adequately ensure a 
reasonable likelihood of 
sustainable outcomes. 

The policies mostly support 
community engagement by 
holding activities and 
programs that allow sound 
access to facilities, in 
addition to having mostly 
functional advisory boards 
(IAB, SAB) which soundly 
ensure a reasonable 
likelihood of sustainable 
outcomes. 

The policies fully support 
community engagement by 
holding activities and programs 
that allow extensive access to 
facilities, in addition to having 
fully functional advisory 
boards (IAB, SAB) which 
thoroughly ensure a reasonable 
likelihood of sustainable 
outcomes. 

Sub-KPI: Incorporate and adapt to the needs of targeted industries and employers 
Exhibit a limited improvement 
from focus on teaching and 
research only towards a 
partnership with industry. 
Adapt rarely to the needs of 
targeted industries and 
employers in the university 
proximate geographical space 
and beyond. 

Exhibit an adequate 
improvement from focus on 
teaching and research only 
towards a partnership with 
industry. Adapt occasionally 
to the needs of targeted 
industries and employers in 
the university proximate 
geographical space and 
beyond. 

Exhibit a proficient 
improvement from focus on 
teaching and research only 
towards a sound partnership 
with industry. Adapt 
frequently to the needs of 
targeted industries and 
employers in the university 
proximate geographical 
space and beyond. 

Exhibit an exemplary 
improvement from focus on 
teaching and research only 
towards an extensive and 
enabling partnership with 
industry. Adapt regularly to the 
needs of targeted industries and 
employers in the university 
proximate geographical space 
and beyond. 
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Table 6. An assumed sample calculation of the SI for a single institution measurements (Ms). 

Criteria KPM KPI M Reference M M Ratio 

I I.1 I.1.1 37.5 62.5 0.6 
I I.1 I.1.2 87.5 87.5 1.0 
I I.1 I.1.3 62.5 87.5 0.7 

… … … … … … 
II II.1 II.1.1 6.25 62.5 0.1 
II II.1 II.1.2 12.5 62.5 0.2 
II II.1 II.1.3 87.5 87.5 1.0 
… … … … … … 
… … … … … … 
… … … … … … 
IX IX.1 IX.1.1 62.5 87.5 0.7 
IX IX.1 IX.1.2 87.5 62.5 1.4 
IX IX.1 IX.1.3 12.5 62.5 0.2 

SI (Geometric Mean) 0.4 

Figure 4. An assumed calculation of the SI for different institutions; I1 through I9. 
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A USABILITY STUDY OF MOODLE 

Abstract: The use of online course delivery systems such as Blackboard, 
Moodle, Angel, WebCT, and similar systems are increasingly in use for 
classroom teaching purposes. This exploratory study intends to gain 
insight into the usability of Moodle in the classroom. This study was 
guided by Jacob Nielson (1993) and a software usability model (Kirner, 
Custodio, & Kirner, 2008), using seven characteristics—Learnability, 
Operationability, Efficiency, Memorability, Errors, Satisfaction, and 
Attractiveness—to evaluate Moodle. The data was analyzed by SPSS and 
was compared with a previous study of Moodle, in which students 
responded most positively to the attractiveness of the Moodle interface 
and least positively to its operationability.  

1. Introduction

Distance learning tools have become the main focus of online education. What is crucial in 
evaluation of the efficacy of a Virtual Learning Environment (VLE) is measuring its 
effectiveness; user interface, and educational metrics.  Hinze-Hoare (2008) maintains that 
problems exist with evaluation of VLEs due to lack of clear objectives associated with 
assessment frameworks. This issue covers the educational ground of the VLE as well as the 
Human Computer Interface (HCI) segment. Although some limited work has been done to 
evaluate the conversational framework between students and teachers (Hinze-Hoare, HCI and 
Educational Metrics as Tools for VLE Evaluation, 2008), the goal in this paper will be to 
evaluate the HCI metric and effectiveness of Moodle.  

The principles used to evaluate Moodle‟s effectiveness from student‟s point of view are based on 
Bruner‟s Principle (Hinze-Hoare, HCI and Educational Metrics as Tools for VLE Evaluation, 
2008).  These principles are based on core activities in the field of education: Collaboration, 
control, culture, Reflection, and Reinforcement.  This exploratory study will evaluate the 
usability of Moodle within the classroom teaching environment. It will also focus on the 
following HCI concepts: ease of navigation within the platform, smooth dialog between system 
and learner, ease of collaboration among peers, ease and effectiveness of Help features of the 
system, ability to win over the novice computer user, and organization of icons and links on the 
„dashboard.‟ 

1.1 Background 

Moodle is one of the most used online learning delivery systems in the world (Hinze-Hoare, HCI 
and Educational Metrics as Tools for VLE Evaluation, 2008). As Traver (2007) points out, 
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instructors will become stimulated when they teach using its User-Centered Design (UCD) 
approach, which is the common design methodology for programs such as Moodle.  

Using Moodle should be satisfying and worthwhile in a HCI project because several HCI 
concepts can be examined, namely: familiarity of interface, consistency, error recovery, dialogue 
initiatives, and task migratability (Hinze-Hoare, HCI and Educational Metrics as Tools for VLE 
Evaluation, 2008). The following are reasons that author this study gives for choosing Moodle‟s 
system design for this study: 

 The design emphasizes UCD concepts, which is the current direction of HCI. 
 The interface is not crowded with icons and hyperlinks; it should, therefore, be 

comfortable for the user. 
 Moodle software offers major functionalities such as dialog with peers (e.g., chat, email, 

and wikis), recent news, learning resources, and varied interactive activities, including 
assignments, quizzes, and, grading. 

 Since Moodle is open source, it offers a great degree of customization and enhancement 
in deploying a course of study, for instance, the course syllabus can be displayed in the 
center of the screen while assignments and quizzes appear in the side panel, allowing the 
student the flexibility of hiding or showing various parts of the syllabus. 

 The interface design is full of resources yet easy to navigate even for an instructor who is 
a novice computer user. The instructor side of Moodle is robust and challenging from the 
HCI perspective. 

The scope of this exploratory work will concern the usability of Moodle and focuses on its 
usability as perceived by users and is based on Jacob Nielsen‟s (1993) Usability Model. The 
areas of usability testing in the Nielsen model are: Learnability, Efficiency, Memorability, 
Errors, and Satisfaction. This paper includes a literature review, which will explore similar 
studies conducted on the usability of Moodle. The main device of this exploratory study is a 
questionnaire survey of predominantly first year students enrolled in two different computer 
science courses. The method of evaluating the respondents‟ results using SPSS and Excel will be 
discussed. The last part of the paper will be dedicated to discussing the findings and drawing 
comparisons from similar studies.  

 

2. Literature Review 

Evaluation and usability of e-Learning have been addressed in numerous studies (e.g., Arduti, 
Costabile, Marsico, & Lanzilotti, 2006; Ardito, Costabile, De Angeli, & Lanzilotti, 2006; Kim & 
Lee, 2008), but as Ardito maintains, a consolidated evaluation of methodology of e-learning 
applications does not yet exist (Arduti, Costabile, Marsico, & Lanzilotti, 2006). Arduti et al. 
developed the SUE (Systematic Usability Evaluation) methodology, which focuses on user 
interaction and testing. Silius and Arduti emphasized that usability of e-learning be directly 
related to pedagogical objectives. According to Arduti, pedagogical design should integrate the 
usability evaluation of an e-learning system. The most common method of evaluation is user-
based testing. Although user-based evaluation is considered the most complete type of 
evaluation, it has certain weaknesses, such as difficulty in selecting an adequate user sample or 
in producing an ecological setting of usage in a limited time (Ardito, Costabile, De Angeli, & 
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Lanzilotti, 2006). However, user centered and learner centered designs have always relied on 
user testing to evaluate usability.  

The key considerations in the evaluation of Virtual Learning Environments (VLE) are 
establishing usability principles and assessing the teaching and learning prospects of the VLEs 
(Hinze-Hoare, 2006). Based on an analysis of the most cited authors in the field of HCI, a list of 
eight HCI principles was devised, listing the principles according to frequency in the literature: 
Familiarity, Consistency, Forward Error Recovery, Substitutivity, Dialogue Initiative, Task 
Migratability, Responsiveness, and Customizability. A list of principles focusing on educational 
aspects was also developed. It is based on Bruner‟s educational theory, which holds that “prior 
knowledge of the learner is the essential element in constructing new knowledge” (Hinze-Hoare, 
2006). The following five areas were summarized as the key elements in evaluating the 
educational framework based on the seminal work of Bruner: Collaborative Learning, Active 
Learning, Reflective Learning, Cultural Learning and Reinforcement.  

Melton (2006) conducted a qualitative usability study of Moodle based on the “DECIDE” 
framework of Preece et al. (2002). In that qualitative study, subjects were used to determine if 
participants could complete the tasks of signing up for an account in Moodle, logging on, joining 
a course, and submitting a text file into an online assignment. Melton maintained that although 
subjects who were graduate students of the University of Kumamoto were not native English 
speakers, they all had taken an English course with the evaluator of the research, three years 
prior to the research. Additionally, Melton argued that since the size of the group of subjects was 
not adequate to use for quantitative research, qualitative research was conducted, and the 
participants were observed while performing a series of tasks designed to simulate the online 
assignment submission in Moodle. The research was conducted through observation of subjects 
while submitting tasks on Moodle, videotaping the activities, and audio recording the “think 
aloud” actions of the subjects. Melton mentions that although reliability of the research could not 
be confirmed, the validity testing was adequate since it was designed to determine if participants 
could complete the task of submitting an assignment online. 

Kim et al. (2008) conducted a study to validate a model for evaluating LMSs by surveying 163 e-
learning experts. It resulted in a criteria model for evaluating learning management systems. This 
model resulted from an exploratory factor analysis, revealing seven factors in evaluating LMSs:  

1) suitability of design on screen and in system,  
2) ease of course procedure,  
3) inter-operatability of system and suitability of academic administration,  
4) ease of instructional management and appropriateness of multimedia use,  
5) flexibility of interaction, and  
6) user accessibility. 

Kim argued that the above factors can deeply benefit those involved in e-learning for their 
practices and assessing the effectiveness of LMS in support of e-learning and not just focusing 
on functionalities of LMSs.  

Rosato et al. (2007) focused on evaluating the usability of three Course Management Systems 
(CMS), WebCT (now owned by Blackbord.com), Sakai, and Moodle. Rosato used five usability 
characteristics first introduced by Jacob Nielsen (1993) as the basis for a usability study: 
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Learnability, Efficiency, Memorability, Errors, and Satisfaction. A total of 42 subjects 
participated in this study which consisted of three main parts: A) A user profile survey, which 
targeted demographic information and participants‟ level of experience with course management 
systems; B) a list of eight tasks, completed by participants on the three CMS‟s and recorded by a 
Morae (www.techsmith.com) software; and C) a post-test survey which participants were asked 
to complete. Based on this study, the easiest task for the users across all CMS was logging in and 
out and finding the syllabus.  

In a similar study, Tereza Kirner et al. (Kirner, Custodio, & Kirner, 2008) presented an empirical 
study which evaluated the Moodle usability from the point of view of teachers. This study was 
executed mainly through participant survey questionnaires. Its goal was to propose a model to 
evaluate the usability of software systems while evaluating the usability of Moodle from a 
teacher‟s prospective. This model, intended to evaluate the usability of Moodle, defined a set of 
attributes such as; intuitiveness, operationability, efficiency, learnability, attractiveness, and user 
satisfaction. Kirner used the Questionnaire for User Information Satisfaction (QUIS) 
(Schneiderman & Plaisant, 2004), Software Usability Measurement Inventory (SUMI) 
(Kirakowski & Corbett, 1998), and Technology Usability Pedagogy (PIP) (Bednarik, 2004). The 
number of teachers who participated in the study was 39. They taught undergraduate and 
graduate level courses in science, engineering, mathematics, and computer science.  

 

3.1 Research objectives 

The objective of this exploratory study is to gain an insight into the usability of Moodle when 
used in an undergraduate classroom setting. This research is based on an empirical study that was 
done by Kirner et al., who used a set of usability attributes according to several usability models, 
namely QUIS, SUMI, and TUP (Preece, Rogers, & Sharp, 2002). It will use subject responses 
from survey questions as the main device of evaluating the usability of Moodle. The survey 
questions were developed using the following usability models: Jacob Nielson (1993) and the 
Software Usability Model (Kirner, Custodio, & Kirner, 2008). Below are the seven 
characteristics of usability evaluation which were used in this exploratory research: 

 Learnability: The software is easy to learn; the user can work without constant coaching 
throughout the session.  

 Operationability: The ability of the user to perform the functions of the software—an 
important factor in the “user friendliness” of the software.  

 Efficiency: The capacity of the LMS to encourage productive use by the student so once 
the task is learned, the student can complete it quickly, resulting in a high level of 
productivity. 

 Memorability: The student should be able to return to the system and not have to go 
through a period of learning it again.  

 Errors: Users should make few errors and be able to easily recover from them and resume 
whatever task they were on.  

 Satisfaction: The user should enjoy using the software and be satisfied with his/her time 
spent, which he/she considers productive. 

63

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 

http://www.techsmith.com/


 Attractiveness: The user perceives Moodle as attractive or dull. Perceived use of color 
and interactive design of the software are among evaluating factors of attractiveness. 

The research was guided by the following central question: What are the usability aspects of 

Moodle? 

4 Research Method 

This exploratory study is based on the empirical study of Kirner et al. who used operationability, 
efficiency of use, learnability, attractiveness, and user satisfaction as the main characteristics of a 
usable system as were originally introduced by Jacob Nielson (1993), and the software Usability 
Model (Kirakowski & Corbett, 1998). The author used the above usability characteristics as well 
as Memorability and Errors which was part of the questionnaire evaluation system of usability 
engineering of Nielsen (Nielsen, 1993).  

 

4.1 Expert Inspection  
4.1.1 Perceptual  

The perceptual characteristics of a course delivery system can be described as “knowing the 
user,” as Wright (2008) indicates when describing the need to develop an understanding of user 
experience. The principles of HCI have emerged from intense focus (Grudin, 1990) on the 
relationship “designer to user” or on experience-centered design (Wright & McCarthy, 2008). 
Perhaps the most significant HCI principle that Moodle follows is empathy. Wright describes 
empathy as walking in another‟s shoes or experiencing the user‟s experience. Moodle, which is 
an open-source, online, learning tool, focuses on the user centered design (UDC) approach. 
Traver (2007) points out that UDC helps improve instruction as it is crucial to design course 
content according to students‟ cognitive development, maturity, age, skills, interest, and 
knowledge. The author of this exploratory paper feels that following this road map and focusing 
on UDP are fundamental elements of success for delivering a course, especially when online 
tools such as Moodle are used.  

Turk (2000) pointed out that HCI had not been revised for two decades and that was mainly 
accomplished through WIMP (Windows, Icons, Mouse, Pointer), and now the need arises for 
shifting this paradigm to accommodate much smaller and robust devices, such as mobile phones 
and other handheld devices. Although Turk is accurate in pointing out the need for shift in 
paradigm to accommodate smaller robust devices such as hand-held devices (has already taken 
place), but claim regarding HCI‟s lack of revision is not entirely correct since HCI principles 
have emerged from a pure software/hardware phenomenon to user-centered interaction 
(Keraminiyage, Amaratunga, & Hakgh, 2009; Hinze-Hoare, 2006; Grudin, 1990; Turk & 
Robertson, 2000; Wright & McCarthy, 2008). Turk, however, raises an important point 
regarding Perceptual User Interfaces (PUI):  end user interaction should be more natural and 
human oriented. This  expands the usage of much smaller devices such as mobile phones and 
other handheld devices by using speech and sound recognition, computer vision (cameras), 
foreign language understanding, and touch sensing, which allow users to interact with each other 
and with the world around them.  
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Moodle can become the vehicle through which users interact with one another much the same 
way they might engage with each other, naturally, using communication and cognitive skills. 
Hinze-Hoare identified the following eight HCI principles through a research study on using 
Moodle: Familiarity, Consistency, Error Recovery, Substitutivity, Dialog Initiative, 
Migrationability, Responsiveness, and Customizability (Hinze-Hoare, 2006). In the area of 
familiarity, the user interface offers an easy, topical and social structure organized in weekly 
segments. As long as the user does not have to create new knowledge to interact with the 
interface, then familiarity is incorporated into the system. Consistency is the likeness of behavior 
occurring from similar situations and tasks. Error recovery is performed by users when they 
redress errors either forward (by prevention of the error) or backward (reversal of erroneous 
action by the user). Substitutivity refers to giving the user the freedom of choice to execute a task 
according to his/her personal preference. Dialog initiative is another principle which is highly 
reinforced by Moodle since it gives the human (user) the freedom and priority to initiate the 
dialog with the computer and not the other way around. Task migrationability, which is referred 
to by some as high-level HCI interaction (Wright & McCarthy, 2008) involving tasks between 
the computer, the user, and the system, such as spell checking or document importing and 
exporting. Responsiveness is the ability of the system to provide rapid and appropriate responses 
to users‟ actions. Finally customizability allows customization to the interface so the level of 
interactions by the user can be changed (Moodle is open source software). Customizability is 
probably the most significant advantage of Moodle in comparison to other systems, such as 
Blackboard.  

 
4.1.2 Learning 

Moodle is open source course-learning software which is used in educational institutions 
throughout the world (About Moodle, 2010). A Moodle course display includes user 
management, activity modules, and numerous resources which are visible on the main page 
(Berggren A. , et al., 2005). Perhaps the visual arrangement of resources such as assignments, 
forums, quizzes, and resources, which appear on the upper section of the side panel, makes it 
easy to interface by a typical novice user. According to Karnell (2008), user evaluation methods 
include eye tracking, task completion, cursor monitoring, and video capturing. 

The easy with which one learns Moodle is aided by its collaborative features. When a user views 
the main page, he/she almost immediately views most of interactive tools—Participants, Forums, 
Resources, and Student Activity Links. All these collaborative tools stand out on the page. 
Shneiderman (Carroll, 2002) explains that users should be able to filter data through colors and 
select interesting data and export it into various formats (e.g., spread sheets). All icons and 
hypertext links are displayed in color (mostly blue) without overcrowding the user interface. 
Fischer (2001) indicates that some aspects of Moodle HCI originated from the need and 
aspiration to provide good support for human-computer collaboration. In a research study by 
Berggren et al. (2005), Moodle was compared with other e-learning tools, such as IMS Learning 
Design (LD), and ease of locating all Moodle‟s major components (activity tools such as 
participants, assignments, grades, etc) in a single main course and was summarized as an ideal 
design approach. Another observation that is made in Berggren‟s study concerns the terminology 
used to describe various functions of the course. For instance, in LMS LD the term “Unit of 
Learning” is equivalent to the term “course” in Moodle, or “Activity-structure of type selection” 
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in LD corresponds to “Topics in a course.” Other terms that are used in Moodle are: “Forum” as 
opposed to “asynchronous communication,” and “chat” verses “synchronous communication”.  

Berggren also observes that Moodle‟s HCI approach is its display of limited hypertext links in 
color in the side panel. On the left, users see Participants, Assignments, Forums, Quizzes, 
Resources, and Grades. In the right side panel, messages and recent activities appear. The learner 
is not overwhelmed by too much text and information on the main page. This makes the learner‟s 
computer interaction more comfortable.  One issue that can make Moodle teaching or learning 
challenging is that all course contents are viewed in the middle of the page. Either topics are 
divided into weekly sessions or the course is displayed in terms of topics. Consequently, the 
teacher does not have the option of presenting course content in a more creative and or 
unconventional format, as might be appropriate for an art class. 

Another challenging aspect of Moodle is the limitation in techniques of collaboration for users 
(learners and/or teachers). Berggren (2005) maintains that roles in Moodle are limited to 
teachers, students, course creators, and administrators. From the teacher login screen, the roles 
are limited to Student, Teacher, and Non-Editing Teacher.” Although the role of Teacher can be 
changed to Student or Non-Editing Teacher, a user can only have one role at a time. To truly 
maximize the collaborative aspect of the software, students should be allowed to take various 
roles, such as teachers or course-creators (students could teach other students) without the need 
of instructor intervention. This would, in fact, adhere to and emphasize the user-centered 
interface design.  

 
4.1.3 Organizational/Social aspect 

One of the main advantages of participating with an integrated Learning System such as Moodle 
(www.Moodle.org) is to exhibit activity. Aristotle posited that exhibiting activity is a concept 
present in almost all cognitive theories that focus on master and disciple relationships 
(Lambropoulos, 2005). This is obviously one of the important features of a learning system such 
as Moodle since it offers the chance for both teachers and students to communicate with one 
another about course content, learner production, or anything. An important impact of a system 
such as Moodle is that students can express their feeling about the course or the teacher. 
Consequently, the teacher‟s pedagogical methods should tend to be more coherent, which in turn 
leads to the user-centered HCI design concept (Traver J. V., 2007). On the other hand, as Traver 
explains, students will take an active role in participatory Interface (PI) of the course which is 
clearly a social advantage of the Learning System.  

Among the most notable positive social aspects of Moodle is its cost (free), the ease with which 
it can be customized using PHP, and its ability to connect to different data base management 
system (DBMS), such as MySQL. Teachers can also supervise the creation of new tools in 
Moodle through modularity and PHP scripting.  

According to Keraminiage (2009), Moodle was chosen for the research project Virtual 
Environment for Built Environment Research (VEBER) to deliver collaboration. The modularity 
of Moodle is an organizational attribute which offers programmers, teachers, and students the 
ability to customize Moodle on a needs basis. For instance, Keraminiage replaced Moodle‟s 
“language files” which is a PHP file containing common vocabularies such as student, teacher, 
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and course with his own specialized vocabulary file (researcher vs. teacher, assistant researcher 
vs. student). Other important organizational factors which are related to collaboration are trust, 
transparency, communication, and monitoring. Trust focuses on mutual respect among partners 
and promotes good relationships. Commitmentability and leadership emphasize active 
participation by all members, while transparency promotes clearly establishing all objectives and 
limitations as well as strengths. Communication and monitoring enforces active communication 
and regular contacts as well as progress monitoring (Keraminiyage, Amaratunga, & Haigh, 
2009).  

Moodle has even been chosen for primary and secondary schools due to its ease of use and its 
ease of interface by younger students. The Moodle Learning Management System (LMS) has 
had major impact on learning practices on an international level. Its free access due to the open 
source nature of the software; the ease of navigation due to its innovative HCI features; its 
interface featuring collaborative tools such as wiki, blogs, and Microsoft Share point (for 
improved web interface); and its highly customizable nature to improve the overall usability of 
the VLE are among the chief positive social impacts of adopting this system (da Silva, Panigassi 
& Hulot, 2007; Keraminiyage, Amaratunga & Haigh, 2009). 

From the organizational prespective, Moodle also has had considerable positive impact— largest 
open source VLE with the most active participants from 192 countries, most frequent updates 
and developments supported by programmers and teachers, fully comprehensive third party 
instruction manuals, and a philosophy behind its development which corresponds to social 
constructivists on widely accepted educational concepts (Hinze-Hoare, 2006) . Hinze-Hore 
(2006) explains that some organizational issues related to Moodle are unplanned developments 
due to its open source nature, limitations in advanced functionalities, and limited adoption by 
major universities. Nonetheless, Hinze-Hore points out in his research study that the latter 
concern has diminished slowly as some major universities such as Dublin City University, 
Cornwall College (the largest university in the UK with 92,000 students), and the London 
regional area of  Joint Information System Committee JISC have selected Moodle. 

4.2 User Study/Usability Evaluation 

The usability aspect of Moodle has been addressed by numerous studies which have emphasized 
user friendliness, efficiency, learnability, user satisfaction, attractiveness of the interface, and 
memorability (Rosato, Dodds, & Laughlin, 2007; Kirner, Custodio, & Kirner, 2008; Melton, 
2006). Kirner et al. added intuitiveness as another aspect of usability testing (2008). Intuitiveness 
which is described by Kirner as the capacity of the user in performing the tasks supported by the 
software as a skill which will be developed in users over time as one naturally builds skills 
though practice. Kirner used the following categories to evaluate usability testing of the users on 
Moodle: Intuitiveness, Operationability, Efficiency of Use, Learnability, Attractiveness, and 
User Satisfaction. In a separate study, Rosato conducted usability testing of Moodle based on the 
students‟ perspective: Learnability, Efficiency, Memorability, Errors, and Satisfaction. While 
Rosato‟s work concentrated on the students, the Kirner study was focused on the teachers‟ 
prospective.  
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4.3. Participants 

Research participants for current study were recruited to take part in this study from among 
undergraduate students. Out of 60 students who were invited to participate in the survey which 
was deployed online, 48 individuals participated in the survey which represents an 80% response 
level. 52% of the participants were female, 46% were male, and 2% did not specify. From this 
group, 13% responded to be within 18-19 years old, 10% said to be within 20-21 years old, 24% 
reported to belong to 22-24 year age group, and 15% said they were between 24-29 years old, 
and finally 37% answered to be over 30 years old. The research population was composed of 
mostly first-year students which represented 70% of the subjects and 20% of the participants 
were in the second year of an undergraduate program, with 8% saying they were undergraduate 
senior students. All students were from 2 different classes of Fundamentals of Computer 

Technology and Telecommunication Concepts. All students were familiar with computer usage 
for typing documents, email, chat, and various social networking activities. Students had not 
used any Course Management Software prior to attending these two courses.  
 
4.3.1 Survey 

 

The researcher asked students from several classes to complete a questionnaire survey which 
contained 24 statements. The researcher placed an announcement “in the Moodle” and placed a 
link to the survey which was launched online. Students were able to respond to the survey in 
their own time. Students could also perform the survey in class. 

The survey was constructed based on the seven categories above. The author constructed the 
questionnaire using three to four statements to evaluate each of the usability characteristics after 
consulting with www.id-book.com which had organized several usability questionnaires. The 
usability models are: Nielsen‟s attributes of usability (1993), Lewis‟s Computer Usability 
Satisfaction (Lewis, 1995) and Lund‟s USE Questionnaire (Lund, 2001). The list of survey 
questionnaires that was used for this research project is presented in Appendix 1. Usability 
attributes were evaluated based on metrics related to the five-point Likert scale to which users 
responded to express the degree of their agreement or disagreement—1= Strongly disagree; 2 = 
Moderately disagree; 3 = Neither agree nor disagree; 4 = Moderately agree; 5 = Strongly agree. 
 

5 Results 

5.1 Findings from expert inspection 

Hinze-Hoare's (2006) study revealed that both Moodle and Blackboard equally met the usability 
studies. Melton‟s (2006) study, on the other hand, which presented a qualitative study, 
demonstrated that some tasks, such as logging into Moodle and creating a new account, were 
completely successful. The third task, submitting a text file into a prepared assignment, was only 
completed by 2 participants (50%); one needed intervention from an evaluator, and the last one 
was unsuccessful, which indicates need for improvement (in usability). Rosato (2007) presented 
successful results on Moodle, WebCT, and Sakai when users wanted to login and search for their 
syllabuses. However, Rosato‟s finding produced a high rate of error (> 25%) when users wanted 
to post a discussion message or submit an assignment. She argued that when the moderator 
offered help to the users, all tasks were successfully completed. According to Rosato, the users 
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either really like Moodle or they hate it; at the same time, she concluded that WebCT had higher 
user satisfaction. Kirner‟s (2008) results from analysis of data revealed that; overall, users were 
satisfied with Moodle‟s usability. 69% of respondents indicated Moodle‟s usability was 
satisfactory while 16% responded negatively to Moodle‟s usability.  

 

5.2 Findings from user study 

The data from the current survey was analyzed by the Statistical Package for the Social Sciences 
(SPSS, 2009). A suitable methodology was adopted using the Likert scale and Cronback Alpha 
Coefficient for reliability testing.  From the initial 50 respondents, 47 participants completed the 
questionnaire adequately (Figure 1) indicating that the research had a successful answer rate 
(95%). As stated previously, the research population consisted of predominantly first and second 
year undergraduate students who were enrolled in fundamental courses of computer science and 
telecommunications.  

The data was obtained through a questionnaire which allowed the researcher to evaluate the 
usability of Moodle in regards to predetermined usability characteristics, which were: 
Learnability, Operationability, Efficiency, Memorability, Errors, Satisfaction, and Attractiveness. 
As previously stated, all characteristics were evaluated with 3 separate statements using the 
Likert scale of 1 through 5, where 1 is strong disagreement and 5 is strong agreement (a 
complete list of answers to all questions is shown as Appendix 2 at the end of this report).  

The answers, selected by the participants according to the Likert scale, present a median of 4.0. 
That means that the point of balance of the answers shows an agreement to the question of the 
questionnaire. Based on these results, Moodle usability was considered satisfactory.  The 
frequency of the answers is presented in seven categories in Table 1. Reliability testing revealed 
that, overall, Moodle was accepted by users. The table shows the analysis of the usability 
characteristics based on individual categories:  

 Learnability: this attribute which consists of 3 answers, total count of 39 responses, 
indicated that participants strongly agree with learnability of Moodle, and 48 responses 
indicate that they agree moderately. The alternatives related to disagreement with Moodle 
learnability received 19% with 13% moderately disagreeing and 6% strongly disagreed. 
Operationability yields a result of 22% strongly agreeing and 37% moderately agreeing. 
The level of disagreement was 3%, representing 2% moderately and 1% strongly.  

 Efficiency shows 33% strongly agreeing and 62% moderately agreeing. There were 45% 
neutral and 7% disagreed with Moodle‟s efficiency. 

  Memorability scored high, with 37% strongly agreeing and 50% moderately agreeing. 
The level of disagreement to Memorability was 10% combined. Errors recorded 19% 
strongly agreeing and 34% moderately agreeing. Disagreement in regards to error was 
5% strongly disagreeing and 7% moderately.  

 Satisfaction also scored high, where 29% strongly agreed and 61% moderately agreed. 
The total level of disagreement combined was 18%.  

 Finally, attractiveness showed the highest score. 38% strongly agreed and 85% 
moderately agreed. The level of disagreement on attractiveness was 15%.  
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5.3  Reliability Analysis 

The analysis of the consistency of the questionnaire of usability evaluation was calculated 
through the Cronbach Alpha Coefficient, which presented the evaluation of the reliability of the 
research results shown in the Table 2.  The Cronbach Alpha score for each category was above .5 
which indicates the positive response of users in regards to 7 different categories of usability as 
was discussed in this exploratory work. The overall Cronbach Alpha score is .922 which 
suggests that the questionnaire is concise and the questions regarding the usability categories 
evaluated in this research have reliability.  

6 Discussion 

This exploratory study revealed that students of undergraduate studies respond positively to the 
usage of Moodle in their classroom as an enhancement to their lectures. In a similar study, Kirner 
(2008) found similar results although Kirner‟s study, which was presented as an empirical study, 
was focused on teachers who use Moodle for their classes ranging from science to math and 
engineering. The students who participated in this research did not have any prior experience in 
using LMS systems. Graph 2 shows results based on various categories. Learnability, 
Memorability, and Attractiveness represented the highest number of respondents indicating 
strong agreement, above 30%, to this attribute. Operationability had the lowest response after 
error, 22% strongly agreed with 25% neither agreeing nor disagreeing. One reason may have 
been that users had a difficult time logging back in, either because they forget their password or 
they have difficulty resetting their password. Some comments that were made concerned the 
operationability of Moodle, for instance: I don’t like the Moodle because sometimes I cannot find 

something, and I don’t know how to submit something also. This subject had an issue in regards 
to submitting files or information to Moodle, which is echoed in other research studies, such as 
Melton (2006) and Rosato (2007). Another participant indicated,  

I just generally don’t feel comfortable using online learning systems as it has been 

proven to make many errors and mistakes on grading and correcting exams and quizzes.  

The highest response that this study received from the participants was in relation to 
attractiveness, which represented 38% who strongly agreed and 85% who moderately agreed. 
This result differs from the Kirner study in which 66% of teachers declared Moodle attractive. 
That difference is probably because Kirner evaluated usability with users who had more skill in 
learning software in general and who had explored other CMS software. The current study was 
done with first and second year students who did not have exposure to CMS software and 
certainly did not have the teachers‟ skills.  

7. Conclusion  

This paper presents an exploratory investigation into usability of an open source CMS. While 
technology based learning has been around since before the advent of Internet (Rosato, Dodds, & 
Laughlin, 2007) there is still a lot of room for improvement. Developers and institutions should 
be able to incorporate login to CMS within their campus login so the student does not have to 
remember several passwords or be forced to login to each server separately. Another issue is how 
to reset passwords. This action requires three separate steps in Moodle, which is discouraging for 
students.  
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Future research should be done to determine what would allow students to feel most comfortable 
interacting with Moodle to minimize wasted time on functionality issues rather than spending 
that valuable time on learning the course contents. One direction would be to improve the 
interface of learning software such as Moodle, to make it more acceptable to users. 
Implementing and promoting a social networking interface theme might encourage students to 
collaborate with each other and their teachers and would be especially rewarding for 
collaborative projects and events. Finally, it is important to highlight the need to invest in 
research on open source software such as Moodle since it is free to schools, which do not have 
budgets to dedicate to electronic learning tools. 
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 Total Respondents: 50 

Total Complete: 47 

Percent Complete: 94.00% 

Last Response Date: 4/29/2010 6:36:51 PM 

Graph 1 

 

 

 

Graph 2: Metrics based on each Usability study 
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Table 1 below shows quantity of answers given for each characteristic from Likert scale 

   
 

No. OF 
STATEMENTS Strongly Moderately Neither Agree Moderately Strongly 

ATTRIBUTES  Agree Agree nor Disagree Disagree Disagree 

Learnability 3 39 48 52 13 6 

Operationability 3 22 37 25 2 1 

Efficiency 3 33 62 45 2 5 

Memorability 3 37 54 46 5 5 

Error 3 19 34 33 5 7 

Satisfaction 3 29 61 32 10 8 

Attractiveness 4 38 85 46 7 8 

        

Table 2: Value of the Cronbach Alpha for the Usability attribute categories 

Learnability .592 

Operationability .721 

Efficiency .833 

Memorability .773 

Error .700 

Satisfaction .935 

Attractiveness .856 

General Cronbach Alpha .922 
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Appendix 1 Survey questions for the Moodle usability: 
Areas of the usability testing: 

- Learnability 

o I learned to use Moodle quickly. 

o I can explore features of Moodle by trial and error. 

o I feel I need to use technical support help in order to use Moodle. 

 
- Operationability 

o I feel comfortable using Moodle. 

o I feel that Moodle is easy to use. 

o I feel that Moodle is a difficult program to use. 

 
- Efficiency 

o I can effectively complete my work using Moodle. 

o I feel that Moodle is a flexible Learning Management Software. 

o I can complete task with little need for help. 

 
- Memorability 

o When using Moodle, I do not need to remember a lot of information.  

o I feel that Moodle has simple and natural dialog. 

o When I come back to Moodle after few days, I can easily find my way around. 

 
- Errors 

o If I make an error, I can easily recover from it. 

o I feel that Moodl’s error messages are helpful. 

o I feel that Moodl’s error messages are confusing. 

 
- Satisfaction 

o I would recommend Moodle as a course management software to a friend. 

o Overall I am satisfied with how easy it is to use Moodle. 

o The information provided on Moodle is easy to understand. 

 

 
 

- Attractiveness 

o While using Moodle, It is easy to read characters on the screen. 

o I feel that the organization of information in the Moodle is clear. 

o I feel that Moodle is user friendly. 
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o I like using the interface of Moodle. 

: List of Survey questions 

 

Appendix 2: Result of the Survey 
 
Q1. Please indicate your level of agreement with the following 
statements: - I learned to use Moodle quickly.  

Count Percent  

16 32.65% Strongly agree 

19 38.78% Moderately agree 

11 22.45% Neither agree nor disagree 

2 4.08% Moderately disagree 

1 2.04% Strongly disagree 

49  Respondents 

Top 2 
71.43% 
(35) 

Bottom 2 6.12% (3) 
 

Mean 3.96 Std Deviation 0.96 
 

Median 4 Std Error 0.14 
 

Mode 4 
Confidence 
Interval @ 95% 

3.69-4.23 
 

 

Q2. Please indicate your level of agreement with the 
following statements: - I can explore features of Moodle by 
trial and error.  

Count Percent 
 

8 16.33% Strongly agree 

19 38.78% Moderately agree 

18 36.73% Neither agree nor disagree 

4 8.16% Moderately disagree 

0 0.00% Strongly disagree 

49  Respondents 

 

Q3. Please indicate your level of agreement with the following 
statements: - I feel I need to use technical support help in order 
to use Moodle.  

Count Percent 
 

5 10.20% Strongly agree 

7 14.29% Moderately agree 

12 24.49% Neither agree nor disagree 

10 20.41% Moderately disagree 

15 30.61% Strongly disagree 

49  Respondents 

 

Q4. How comfortable do you feel using Moodle?  

Count Percent 
 

7 14.29% Extremely comfortable 
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Q4. How comfortable do you feel using Moodle?  

Count Percent 
 

14 28.57% Very comfortable 

21 42.86% Moderately comfortable 

7 14.29% Slightly comfortable 

0 0.00% Not at all comfortable 

49  Respondents 

 

Q5. How easy or difficult do you find Moodle to use?  

Count Percent 
 

12 24.49% Very easy 

16 32.65% Moderately easy 

18 36.73% Neither easy nor difficult 

2 4.08% Moderately difficult 

1 2.04% Very difficult 

49  Respondents 

 

Q6. Please indicate your level of agreement with the following 
statements: - I can effectively complete my work using Moodle.  

Count Percent 
 

8 16.33% Strongly agree 

21 42.86% Moderately agree 

17 34.69% Neither agree nor disagree 

0 0.00% Moderately disagree 

3 6.12% Strongly disagree  

49  Respondents 

 

Q7. Please indicate your level of agreement with the following 
statements: - I feel that Moodle is a flexible Learning 
Management Software.  

Count Percent 
 

8 16.33% Strongly agree 

24 48.98% Moderately agree 

15 30.61% Neither agree nor disagree 

2 4.08% Moderately disagree 

0 0.00% Strongly disagree  

49  Respondents 

 

Q8. Please indicate your level of agreement with the following 
statements: - I can complete task with little need for help.  

Count Percent 
 

17 34.69% Strongly agree 

17 34.69% Moderately agree 

13 26.53% Neither agree nor disagree 

0 0.00% Moderately disagree 

2 4.08% Strongly disagree  
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Q8. Please indicate your level of agreement with the following 
statements: - I can complete task with little need for help.  

Count Percent 
 

49  Respondents 

 

Q9. Please indicate your level of agreement with the following 
statements: - When using Moodle, I do not need to remember a 
lot of information.  

Count Percent 
 

10 20.41% Strongly agree 

17 34.69% Moderately agree 

18 36.73% Neither agree nor disagree 

1 2.04% Moderately disagree 

3 6.12% Strongly disagree  

49  Respondents 

 

Q10. Please indicate your level of agreement with the following 
statements: - I feel that Moodle has simple and natural dialog.  

Count Percent 
 

9 18.37% Strongly agree 

23 46.94% Moderately agree 

15 30.61% Neither agree nor disagree 

1 2.04% Moderately disagree 

1 2.04% Strongly disagree  

49  Respondents 

 

Q11. Please indicate your level of agreement with the following 
statements: - When I come back to Moodle after few days, I can 
easily find my way around.  

Count Percent 
 

18 36.73% Strongly agree 

14 28.57% Moderately agree 

13 26.53% Neither agree nor disagree 

3 6.12% Moderately disagree 

1 2.04% Strongly disagree  

49  Respondents 

 

Q12. Please indicate your level of agreement with the following 
statements: - If I make an error, I can easily recover from it.  

Count Percent 
 

9 18.37% Strongly agree 

18 36.73% Moderately agree 

16 32.65% Neither agree nor disagree 

2 4.08% Moderately disagree 

4 8.16% Strongly disagree  

49  Respondents 
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Q13. Please indicate your level of agreement with the following 
statements: - I feel that Moodle's error messages are helpful.  

Count Percent 
 

10 20.41% Strongly agree 

16 32.65% Moderately agree 

17 34.69% Neither agree nor disagree 

3 6.12% Moderately disagree 

3 6.12% Strongly disagree  

49  Respondents 

 

Q14. Please indicate your level of agreement with the following 
statements: - I feel that Moodle's error messages are confusing.  

Count Percent 
 

3 6.52% Strongly agree 

6 13.04% Moderately agree 

18 39.13% Neither agree nor disagree 

8 17.39% Moderately disagree 

11 23.91% Strongly disagree  

46  Respondents 

 

Q15. Please indicate your level of agreement with the following 
statements: - I would recommend Moodle as a course 
management software to a friend.  

Count Percent 
 

6 13.04% Strongly agree 

24 52.17% Moderately agree 

10 21.74% Neither agree nor disagree 

3 6.52% Moderately disagree 

3 6.52% Strongly disagree  

46  Respondents 

 

Q16. Please indicate your level of agreement with the following 
statements: - Overall, I am satisfied with how easy it is to use 
Moodle.  

Count Percent 
 

12 26.09% Strongly agree 

17 36.96% Moderately agree 

11 23.91% Neither agree nor disagree 

5 10.87% Moderately disagree 

1 2.17% Strongly disagree  

46  Respondents 
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Q17. Please indicate your level of agreement with the following 
statements: - The information provided on Moodle is easy to 
understand.  

Count Percent 
 

11 23.91% Strongly agree 

20 43.48% Moderately agree 

11 23.91% Neither agree nor disagree 

2 4.35% Moderately disagree 

2 4.35% Strongly disagree  

46  Respondents 

 

Q18. Please indicate your level of agreement with the following 
statements: - While using Moodle, It is easy to read characters 
on the screen.  

Count Percent 
 

12 26.09% Strongly agree 

24 52.17% Moderately agree 

7 15.22% Neither agree nor disagree 

2 4.35% Moderately disagree 

1 2.17% Strongly disagree  

46  Respondents 

 

Q19. Please indicate your level of agreement with the following 
statements: - I feel that the organization of information in the 
Moodle is clear.  

Count Percent 
 

9 19.57% Strongly agree 

18 39.13% Moderately agree 

15 32.61% Neither agree nor disagree 

2 4.35% Moderately disagree 

2 4.35% Strongly disagree  

46  Respondents 

 

Q20. Please indicate your level of agreement with the following 
statements: - I feel that Moodle is user friendly.  

Count Percent 
 

8 17.39% Strongly agree 

24 52.17% Moderately agree 

11 23.91% Neither agree nor disagree 

2 4.35% Moderately disagree 

1 2.17% Strongly disagree  

46  Respondents 

 

Q21. Please indicate your level of agreement with the following 
statements: - I like using the interface of Moodle.  

Count Percent 
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Q21. Please indicate your level of agreement with the following 
statements: - I like using the interface of Moodle.  

Count Percent 
 

9 19.57% Strongly agree 

19 41.30% Moderately agree 

13 28.26% Neither agree nor disagree 

1 2.17% Moderately disagree 

4 8.70% Strongly disagree  

46  Respondents 

 

Q22. Do you have any questions or comments?  

Count Percent 
 

10 21.74% Yes (please explain) 

36 78.26% No 

46  Respondents 

 

Q23. What is your academic classification? 

Count Percent 
 

32 69.57% Freshman 

9 19.57% Sophomore 

1 2.17% Junior 

0 0.00% Senior 

4 8.70% Graduate student 

46  Respondents 

 

Q24. In what range is your age? 

Count Percent 
 

0 0.00% 17 or under 

6 13.04% 18 - 19 

5 10.87% 20 - 21 

11 23.91% 22 - 24 

7 15.22% 25 - 29 

17 36.96% 30 or over 

46  Respondents 

 

Q25. What is your race/ethnicity? (Check all that apply) 

Count 
Respondent 

% 
Response 

%  

2 4.35% 4.08% Asian/Asian American 

17 36.96% 34.69% Black/African American 

18 39.13% 36.73% Hispanic 

2 4.35% 4.08% 
Native American/Alaskan 
Native 

6 13.04% 12.24% White/Caucasian 

1 2.17% 2.04% Other (please specify) 
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Q25. What is your race/ethnicity? (Check all that apply) 

Count 
Respondent 

% 
Response 

%  

3 6.52% 6.12% Prefer not to respond 

46  Respondents 
 

49  Responses 
 

 

Q26. What is your gender? 

Count Percent 
 

21 45.65% Male 

24 52.17% Female 

1 2.17% Other 

46  Respondents 

Responses to comments 
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ASSESSMENT AND CURRICULUM MODIFICATION IN 

ELECTRONICS ENGINEERING TECHNOLOGY PROGRAM 

Shahryar Darayan  David Olowokere  Xuemin Chen 
Darayan_sx@tsu.edu Olowokeredo@tsu.edu       Chenxm@tsu.edu 

Department of Engineering Technology 
3100 Cleburne, Houston, Texas 77004  

Abstract: The Electronics Engineering Technology at Texas Southern University has 
been actively involved with course embedded assessment techniques for more than nine 
years. The assessment project has spanned the engineering technologies programs, the 
organizational leadership and supervision programs. During the past nine years, the 
faculty members have learned much about structuring course-embedded assessments and 
using those assessments for continuous improvement in support of the program 
educational objective and ABET outcomes. This paper will outline the basic premises 
and methods of our assessments techniques.

In this paper, we present that how assessment data were obtained and analyzed. We also 
demonstrate that how the obtained feedbacks from analyzed data were utilized to enhance 
or modify either course or program’s educational objectives and outcomes.  

Key words: Assessment, Curriculum, Course-embedded, Continuous Improvement.

Introduction:  

The Technology Accreditation Commission (TAC) of Accreditation Board for 
Engineering and Technology (ABET) developed a set of criteria for accrediting 
for TAC/ABET degree program called TAC2K. This procedure requires the 
faculty members of the accredited program to be heavily involved in the 
assessment and the continuous improvement of the program. The new criteria 
mandate a “closing the Loop” process to establish a continuous assessment and 
improvement of the program. To accomplish the aforementioned process, Criteria 
2 (Educational Objectives) and 3 (Programs Outcomes) of the eight (8) 
TAC/ABET are required to be fulfilled [1].
Programs must also assess student performance as part of their accreditation 
process. The assessment process includes collecting and analyzing the data to 
support a conclusion. It is essential to demonstrate objectives and outcomes for 
the program are being measured and accomplished. Programs often struggle with 
deciding what data to collect and ensuring the data is measurable [2]. 

The ELET program has been in continuous accreditation since 1996. For the first 
time in 2008, the ELET program was accredited under the new TC2k criteria by 
TAC/ABET. In the last visit of 2007 by the TAC/ABET, the response was to 
accredit the programs to September 30, 2010, and require that a request be made 
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to TAC/ABET by January 31, 2009 for a re-accreditation report evaluation. The report 
describing the actions taken to correct the shortcomings identified needed to be submitted to 
TAC/ABET by July 1, 2009. One of the program weaknesses reported by the TAC/ABET was 
Criterion 3 (Assessment and Evaluation) which states “Each program must utilize multiple 
assessment measures in a process that provides documented results to demonstrate that the result 
of the assessment of program objectives are being used to improve and further develop the 
program in accordance with a documented process” [3]. According to the TAC/ABET visiting 
team, a continuous improvement plan has been written but has not been fully implemented. The 
response to this assessment was to benchmark other institutions [4] and then revisit the program 
goals and educational objectives re-linking them to the a-k outcomes. Furthermore, the process 
of the closing loop for the continuous improvement was emphasized [5]. The newly modified 
assessment process was utilized starting academic year 2008-2009. As requested, a re-
accreditation report was submitted to the TAC/ABET in July 1, 2009 outlining the corrective 
measures taken for the identified shortcomings. After implementing the assessment instrument 
along with the feedback received from different constituencies, two new courses were developed 
[6].  

Assessment Report:  

Assessment and evaluation are performed at the course and program level. Course level 
assessment seeks to ascertain the extent to which individual courses succeed in achieving 
instructional objectives which contribute to educational objectives and program outcomes; 
program level assessment evaluates the effectiveness of degree programs in achieving 
educational objectives and program outcomes, and career level assessment is aimed at evaluating 
the professional success of graduates, as well as their ability to function effectively in the real 
world. These are all related to the program assessment. 
 
As part of an academic institution, a department will have many stakeholders, or constituents. 
Our department lists its stakeholders for our undergraduate students as follows: 
 

 Current and prospective undergraduate students 
 Faculty of the department 
 Faculty of the related to program such as mathematics, physics, and etc 
 Former students 
 Employers of graduates  
 Departmental industry advisory board 

 
Table 1 presents a list of various mechanisms used in our assessment and evaluation, their 
frequency of use and key participants.  The process of assessment, evaluation and continuous 
improvement employed by the ELET program is demonstrated by the flow diagram presented In 
Figure 1. The diagram shows that a committee of program faculty serves as a clearing-house for 
any and all changes submitted for consideration. The source of these changes can come from any 
one or more of the tools employed in the assessment process, such as Industry Advisory Board 
(IAB) meetings, Graduate (Alumni) survey, Employer survey, Graduating senior survey, Lecture 
survey, Laboratory survey, Faculty survey, and the result of outcomes a-k. Once the change has 
been agreed upon the present process makes no attempt to link the change to any one of the 
assessment tools. A summarized list of the assessment and evaluation feedbacks is as follows:  
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Course-Level Assessment:  

Mechanisms used in course-level assessment include the course, lecture, laboratory, exit surveys, 
senior seminar, comprehensive (exit) examination, performance evaluation, and the curriculum 
committee. 

 Lecture Survey  
 Laboratory Survey 

 Faculty Survey 

 Exit Survey and current trends.  
 Comprehensive Exit Examination 
 Results of the outcomes A-K 
 Curriculum Committee

Program-Level Assessment:  

In addition to the mechanisms discussed above, alumni surveys, employer surveys and advisory 
board reviews are conducted as indicated on Table1, for assessment and evaluation at the 
program level.  
 

Alumni Survey: A survey of recent graduates is conducted annually to ascertain the personal 
satisfaction of alumni with their academic experience as students in the department, as well as 
their perceived professional success in their current employment.   

Employer Survey: Like the alumni survey, the employer survey is conducted annually.   

Objectives/Outcomes Survey: Every three (3) years, our constituencies (IAB, Faculty, and 
Students) will participate to complete the educational program objectives and outcomes 
assessment questionnaire to measure the currency and effectiveness of the current ELET 
educational objective and outcomes.  

Advisory Board: The department maintains an advisory board, comprising members from 
business, industry and the public sector, for each program area.  This board meets periodically to 
review the academic programs and supporting facilities and resources.   

Course-Embedded Assessment:  

The faculty member developed the Course Assessment Report (CAR) that would be supported 
by the coursework completed by students in the Electronics Engineering Technology (ELET) 
program.  
The faculty members are required to analyze and evaluate the students’ work and report them to 
the ELET curriculum committee each semester. In the academic year of 2011-2012, outcomes a-
k of each course in ELET curriculum was reported and according to the course assessment 
report, we have not only met the minimum expectation (70%) but also we have exceeded in 
some instances more than 17%.  

The average outcome measured for entire courses in the ELET curriculum was 79% for 
academic year of 2011-2012. Any subject with outcome less than 70% considers being weakness 
and improvement plan was required.  The only course that did not meet the minimum outcome 
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requirement was ELET 243 – Digital Hardware Design. Students in this course scored 61% for 
the outcome D. An improvement plan was developed to address this weakness. 

New Course Addition: 

 The assessment committee in the department of Engineering Technology at the Texas Southern 
University has presented detailed performance criteria that can be used to assess TAC 
recommended program outcomes. Based on the analyzed assessment results and feedback from 
different constituencies, these changes were implemented in the Electronics Engineering 
technology program; two digital courses were combined and the content of this newly formed 
course was revamped to focus more in design aspect of the course.  This action will address the 
weakness observed in the outcome D of the course which is related to design and application. 
Furthermore, two new courses were developed which are “Introduction Project Management” 
and “Ethics and Engineering Professionalism”. These courses have been approved by the 
different committee within the University as well as the Texas Higher Coordinating Board. 
Currently, we have included these newly developed courses into both Computer and Electronics 
Engineering Technology programs. The covered materials in these courses are as follows:  
 

Introduction to Project Management: The course aims at enhancing  project team leadership 
skills, defining the work environment of project teams, and the roles and responsibilities of all 
project team members including the setting of team guidelines, learning methods to promote 
teamwork, understanding the stages of development, and managing team dynamics. Additional 
skills covered: delegation, managing accountability without direct authority over project team 
members, managing dysfunctional teams, performance improvement, input to performance 
appraisals, rewards, recognitions, celebrations.  

Additionally, students learn techniques for deciding whether to undertake a project and for 
planning project outcomes and schedules. The relationship of projects to organizational planning 
and budgeting, information and performance appraisals systems is discussed. Approaches are 
shared for identifying and classifying project stakeholders and designing and conducting a cost 
benefit analysis. How to define desired project outcomes clearly and completely and how to 
determine project work to be performed using decomposition and templates are all addressed. 
Moreover, students learn how to develop a project charter, a scope statement, a Work 
Breakdown Structure, a WBS dictionary and a Linear Responsibility Chart. How to create a 
network diagram and analyze schedule possibilities using the Critical Path Method (CPM) and 
the Program Evaluation and Review Technique (PERT) are explained.  

Another aspect of the course is that students are able to learn how to estimate the needs for 
personnel and other types of projects resources; and to develop a project budget, and to plan for 
additional project support activities. Emphasis is placed on the determining of the type, amount 
and timing of resource needs. Approaches to resource leveling are discussed, and the different 
types of project costs are explained including the use of analogous estimating, parametric 
modeling, and bottom-up estimating and computerized cost estimation tools.  

Ethics in Professional Engineering Practice: This course develops students' knowledge of:  the 
nature of engineering ethics (legal, professional, historical, and personal definitions of 
"engineering ethics"); the value of engineering ethics (varied contemporary and historical legal, 
professional, and personal reasons why an engineer should be ethical); and the resolution of 
ethical dilemmas (using common ethical dilemmas, identify possible actions to be taken in 
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response, and probable consequences of those actions). Topics covered in this course are as 
follows: 

 Professional and Personal Codes of Ethics  
 State and International Licensing Laws  
 Business Ethics  
 Risk Assessment  
 Development of the Profession of Engineering  
 Engineering Disasters  
 Whistleblowing  
 Professional Relations  
 Engineering and the Law  
 Moral Reasoning  
 Ethical Case Studies  

Contribution of course to meeting the professional component: This course focuses on the 
ethics of engineering practice and in doing so students are encouraged and expected to consider 
the effects of their actions (and non-actions) -- including the economic, environmental, political, 
societal, health, and safety, consequences of their work -- while also keeping in mind the 
manufacturability and sustainability of their structures and products.  

Relationship of course to undergraduate degree program objectives: This course focuses on 
helping students to understand the nature and value of "professional and ethical responsibility." 
In order to develop this understanding, students must be able to communicate their ideas 
effectively to others (in both written and oral form), they must explore the "effect of 
technological solutions in a global and societal context," and they must become familiar with 
"contemporary issues" both within and beyond the profession of engineering. In addition, by 
making students aware of the ever-changing nature of engineering ethics, this course presents 
students with an example of the need for lifelong learning.  

Conclusion:  

A comprehensive assessment program contains assessment methods using a multi-source 
approach with regards to the stakeholder groups to maximize validity and reduce bias of any one 
approach. This paper provides guidance on the assessment process developed and implemented 
by the Electronics Engineering Technology program at Texas Southern University to ensure 
compliance with TAC/ABET Criterion 3.  The assessment instrument utilized to measure and 
evaluate the program outcome is sufficiently unobtrusive without scarifying normal educational 
process. Also, the additional information necessary is the evaluation of the courses where 
students are not achieving the minimum standard specified for the course outcomes, and 
reflection on how to implement the corrective action in accordance with the laid-down 
improvement plan. The result of the utilized instrument also led to development or modification 
of several courses. Furthermore, the enhancement of the curriculum is expected to have 
significant impact on overall education and infrastructure development by the addition of 
aforementioned courses. 
 
 

 

89

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



 
 

REFERENCES 

[1] ABET, http://abet.org, “Criteria for Accreditation Engineering Technology Programs”, Baltimore, Maryland, 
2011-2012 
[2] Shryock, K. J. and Reed, H. L., “ABET Accreditation-Best Practice for Assessment”, ASEE Conference, 2009. 
[3] TAC of ABET, “Reaccreditation evaluation report,” Baltimore, Maryland, 2008. 
[4] Houshangi, N., “Curriculum assessment and enhancement at Purdue University calumets based on ABET 2000” 
ASEE Illinois-Indiana Section Conference, 2003. 
[5] Aaron, H. and Meyer, F., “A direct assessment technique that works” ,  ASEE Annual Conference and 
Exposition, Honolulu, HI, 2007. 
[6] Darayan, S., Olowokere, D., and Chen, X., “ Utilizing Program Outcomes in the Modification of Engineering 

Technology Curriculum.” , ASCE Annual Conference , Honolulu, HI, 2010. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

90

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 

http://abet.org/


 
 

Table 1.  Mechanisms for Assessment and Evaluation 

Mechanism Periodic Participant 

Lecture survey Semester students 

Laboratory survey Semester students 

Faculty survey Annual faculty 

Exit survey Semester graduating seniors 

Graduate (Alumni) survey Annual graduate employees 

Employer survey Annual employers of graduates 

Objectives/outcomes survey Every three years All 

Senior Design (Capstone Course) Semester senior students enrolled 

Comprehensive examination Semester graduating seniors 

Curriculum committee twice per semester faculty 

Industrial Advisory board annual, plus on call industry/business reps 
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Abstract: Image based analysis methods play important role in biomedical images. One of the biomedical imaging 
applications is Alzheimer's disease classification. The proposed paper talks about the feature extraction of the MR 
Images in Alzheimer’s disease. Here we introduce the concept of Non-Separable Wavelet Transform which can be 
used as an image segmentation technique. We use the Q-shift 10 length filter bank combination which reveals more 
information in the low frequency signals, thus segmenting the image to highlight the portion of concern. Then we 
use the area technique to classify the image. Finally, a GUI is used to show the results based on the proposed 
method.  

Keywords: - MR Images, DWT, 2DT-CWT, Alzheimer’s disease, Segmented Image. 

Introduction: 

Diagnosing patients affected by Alzheimer’s disease at an early stage plays a crucial role in treating the condition at 
a faster rate. Definitive diagnosis is possible only after the condition is severe. Many different methods have been 
suggested using supervised and unsupervised classification techniques [#1]. Our method moves away from those 
techniques and introduces an innovative new idea of utilizing the information present in the image signal itself. Here 
we introduce the concept of wavelet transform to reveal the information present at low frequency. This way we can 
the segment the image which in turn helps us to classify the image. 

We take the help of Complex Wavelet Transform to reveal the information in the low frequency and also in turn 
help us to maintain the analytic conditions of the Fourier Transform.
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Non-Separable Complex Wavelet Transform (DT CWT) 

The idea is to use two Real DWTs and pair them up in a way that they function as analytically 
satisfying complex wavelet transform[2][5]. The DT CWT uses two different sets of filters for 
the two trees as shown in the diagram (fig.1) so as to satisfy the condition of ‘Perfect 
Reconstruction’[5]. They are jointly designed to be approximately analytic. There is no data flow 
between the two trees in general. In the two Real DWT’s the Parseval’s Relationship is satisfied 
where the energy of the input signal is equal to the energy in the wavelet domain.  

The following idea requires the design of new filters satisfying the Hilbert transform pair. 

Here the filters are themselves real and satisfy the following Hilbert condition as – 

)()(:)( tjtt ghh  

The filters are related in the analytic condition as )]([()( tHt hg   [#3]. 

The Filter Relationship condition –  

As per as the well-developed relationship between the low pass filter and the high pass filter the 
low pass filter transfer function is of the form – 

)()1()(0 zQzzH k : For some )(zQ

Here both the real wavelets in question are orthonormal to each other and on its’ own form an 
orthonormal set[4][5].  

Since the Hilbert Pair transform is dependent fully on the scaling function and the wavelet 
function and the two functions are fully dependent on the filters to be designed in question then it 
is important to relate the filters in such a way for the analytic condition to be satisfied. The 
perfect reconstruction condition satisfies the requirement of analyticity. 

We hereby go with the half sample delay condition. The simplest of the statement where one the 
filters in the lower branch is the half sample shift of the other filter in the other branch. 

Hence the following relationship is – 

)5.0()( 00  nhng

The Fourier Transform of the above stated equation is – 

)()( 0
5.0

0
 jjj eHeeG 

94

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



Using the Fourier Transform of the above equation in question we try to prove the necessary and 
sufficient conditions. The half sample condition is considered because it leads to aliasing 
cancellation and results in nearly shift invariant wavelets. The half sample condition oversamples 
the low pass signal at each scale by 2:1 thus avoids the aliasing due to low pass down samplers. 

The magnitude and the phase relationship are as follows – 

)()( 00
 jj eHeG  : Magnitude Relationship 

 5.0)()( 00  jj eHeG : Phase Relationship……… (1) 

In reality, if the filters are to be of exact relationship then this will result in infinitely long filter
)(0 nh . So we approximate the delay condition leading to )(tc  be approximately analytic. 

Design of the Dual Tree Complex Wavelet Filters – 

q – shift solution –  

)1()( 00 nNhng 

Here N is even length filter and hence the time reversal condition is satisfied. Here magnitude 
part is satisfied and we have to design filters such that it satisfies the phase relationship.  

,)()( 00
 jj eHeG 

5.0)()( 00   jj eHeG

After the representation as above we get: 

 )1()()( 00  NeHeG jj

Using equation (1) we get the following relationship – 

 25.0)1(5.0)(0  NeH j

True orthonormal solutions are possible and the filters exhibitapproximate analytic condition[6]. 

The q – shift condition satisfies the PR condition and as well as the linear phase condition.  
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2-D Dual Tree Complex Wavelet Transform 

In 2-D signals we know that the DWT does not effectively reveal the singularities (curves and 
lines). The separable 2-D DWT is used to be implemented in an effective way and is 
characterized by three wavelets[2]. 

Since the wavelet function is a real function hence not able to distinguish between the +45 
degrees and -45 degrees and leads to confusion in spatial domain as shown in (figure.2). 

Moving towards 2D-Dual Tree CWT 

Here we derive the oriented wavelets as using the check-board pattern as explained earlier. This 
method implements the row-column technique and derives the real part and the imaginary part 
non-separately and hence we have it set up only on one side of the check-board box. We can 
obtain the summed version of two real parts and imaginary parts separately. 

)]()()][()([)()(),(1 yjyxjxyxyx ghgh  

)]()()][()([)()(),(2 yjyxjxyxyx ghgh  

)]()()][()([)()(),(3 yyxjxyxyx ghgh  

The summed real part has values in the two quadrants and is expectedly symmetric. 

Translation invariance can be achieved by using the parallel filter bank as in effect using the 
dual-tree complex wavelet transform where the addition of a filter bank with shifted analysis 

filters )(0
1 zGz a



, )(1
1 zGz a



and synthesis filters )(0 zzG b , )(1 zzG b results in the term )( zX  to be
taken care of. 

The computation of the images using DT-CWT is done by applying the transform to the columns 
first and then to the rows. The resulting image is a pyramid of sub-images and hence we obtain 
the directional sub-images which are horizontal, vertical and diagonal as shown in (figure.3). 

Method or Steps for GUI 

We implemented the technique using Matlab GUI to have a better organization and to show the 
steps that has been done to obtain the final   results as graphical user interface, also creating the 
program using the GUI enables the analyzer to have a quick detection for the brain image  

So the algorithm for the program is as follows:- 
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Step1- Select an image from a set of brain images stored in a file. Then store the selected image 
in a handler variable after displaying it on the axes. The handler variable is passed to the next 
step. 

Step 2- Process the selected image using Non-Separable Complex Wavelet Transform, which 
includes focusing on the part of interest in the image and process that to get the segmented image 
from the brain Image. Then display the segmented image on other axes in the GUI.  

Step 3-Enhance the segmented image obtained from the previous step. This is done by applying a 
thresholding and mask to have a smoothened image. In this step also we have calculated the total 
number of black pixels in the segmented image for classification purposes.  

The GUI shows us the following results - 

The final segmented image. 

Histogram for the final image to show the contrast of black and white pixels. 

A text showing the image that has Alzheimer’s falls into which stage (early or advanced). 

Results 

GUI Results after applying the technique (figure 4a) MR Image with advanced stage 
Alzheimer’s disease, (figure 4b) MR Image with early stage Alzheimer’s disease 

There is a  graphthat has been obtained by automating our technique and applying it to 100 MR 
Images shown in (figure .5). 

Discussion of Results 

From the figure (4) and figure (5), we can see that Dual Tree CWT works much better than 
DWTs in analyzing 45 and -45 degree lines. This is very useful in image segmentation and we 
have exploited this feature to our advantage in analyzing brain scans of Alzheimer’s patients. 
The figure (4) shows that we can use this technique to successfully categorize the different stages 
of Alzheimer’s disease. 

Conclusion 

Dual Tree CWTs provide superior results when used for image segmentation. This technique has 
been successfully used in this paper to categorize the stage of Alzheimer’s disease based on brain 
scans of patients. 
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Dual Tree Filter Concept 
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Figure – 2 

DWT Wavelet Functions (check board pattern) 

 

 

Figure – 3 

2D Dual-Tree Complex Wavelets 

 

 

 

Figure-4(a) 
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Figure -4(b) 

GUI Results after applying the technique (a) MR Image with advanced stage Alzheimer’s disease, (b)MR Image 
with early stage Alzheimer’s disease 

Figure -5 

This graph has been obtained by automating our technique and applying it to 100 MR Images 
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Abstract-Almost all the material and goodspurchased today is packaged. Packaged 
containers provide ease of handling, safety and sanitation, tracking and relevant 
information both for the suppliers and consumers. Global market for packaged goods and 
material is increasingly growing. In the United States alone, packaged goods constitute 
about $2100 Billion where the packaging industry contributes $165 Billion and the 
packaging machinery equipment brings$6 billion a year into the US economy. Packaged 
material requires fast, accurate and reliable machinery. As more and more goods are 
packaged, new equipment must be purchased to package the goods. The packaging 
industry has transformed into a high intense technology, information critical, and high 
speed industry. The packaging machines employ electrical, mechanical, computer and 
telecommunication equipment in their design. Most of packaging machine employ 
automation equipment such as Programmable Logic Controller (PLC), servo motors, and 
Variable Frequency Dives (VFD).  An engineer, who designs and maintains packaging 
machinery, must be knowledgeable in bothmechanical and electrical fields. In the past 
packaging machinery manufacturers trained their own engineers in house which took 
several years and many trial and error processes. The fast growth in the packaging 
industry requires a more systematic and scientific approach in training the engineers. 
Unfortunately, educational institutions have been slow in providing graduates that can 
work in this intense industry. As it turns out, engineering technology programs are in an 
ideal position to support the packaging industry.  

Purdue University Calumet has established a 4-year Baccalaureate level “Mechatronics” 
degrees program and created advanced level courses for Mechatronics with a focus on 
Packaging Industry [1].  The new program is developed with a very close collaboration 
from packaging machinery and automation equipment manufacturers.  Two state-of-the-
art laboratories with the donated equipment from major packaging and automation 
equipment manufacturers have been established.  As a result of this effort, Mitsubishi 
Electric has provided the technical expertise and equipment to establish a training center 
for students, technicians, engineers and end users to learn new automation equipment and 
their applications at Purdue-Calumet.This paper addresses: 

 Packaging Machinery Equipment Training Center
 The Best Procedures in Establishing and Maintaining Industry & Academic

Partnerships
 The first Mechatronics Engineering Technology bachelor program specifically

designed to serve the packaging industry.
 The industry partnership in the development of the program, curriculum, and

laboratory efforts.
 Preparing  skilled work force for fast changing packaging industry
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 The internship program between the industry and the Mechatronics Engineering 
Technology Program 

Key Works: Partnership, Curriculum, Training Center, Workforce, Laboratory  

 
Introduction: 

Packaging industry is one of the fastest growing industries worldwide. To 
meet the increasing demands for packaged goods, new machines are 
designed and introduced into the market continuously. These machines are 
fast and contain high degree of complexity in their designs.The design of 
these machines requires mechanical, electrical, electronics, computer and 
telecommunications expertise.It is this chain of events that has driven the 
Mechatronics Engineering Technology program at Purdue University.  
Five years ago, with the support of industries such OEM and machine 
builders the Mechatronic Engineering technology at Purdue Calumet was 
established. One of the industries with close collaboration with our 
program is Mitsubishi Electric Automation.As one of many Mitsubishi 
automation affiliates around the world, Mitsubishi Electric Automation, 
Inc., is part of a $40 billion global company serving a wide variety of 
industrial markets with a family of automation products including 
programmable logic controllers, variable frequency drives, operator 
interfaces, motion control systems, computer numerical controls, industrial 
robots, servo amplifiers and motors, and industrial sewing machines. The 
philosophy of the company includes a commitment not only to providing 
superior solutions and service to customers, but also to contributing 
education and training. In order to provide training for end users several 
training centers has been established around the world., Solutions are what 
Mitsubishi takes seriously, no matter how difficult the job. Collaboration 
with universities can provide an avenue for technical problem solving and 
trainings. The facility's engineers, electricians, maintenance people, and 
end users must increase their knowledge to improve job performance and 
keep processes running smoothly. The instructors for the training centers 
go under stringent requirements which include many years of field 
experience and in-depth understanding of the product and their 
applications .The classes provide practical, hands-on training that can be 
used the moment the student walks out of the class.The collaboration 
between Mitsubishi Electric Automation and Purdue University Calumet, 
created a training center on the Purdue University Calumet Campus. The 
purpose of this center is to support and provide a fully equipped facilities 
to expand Mitsubishi University based automation product training. The 
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facility is equipped with five racks with PLC, motion control and 
networking gears. Picture of a training set up is shown in Figure-1and the 
details of a rack are shown in Figures 2 and 3.  

 

Figure-1 Trainer Rack with HMI and Computer 

This collaboration provides benefits both Purdue University Calumet and 
Mitsubishi. Purdue University Calumet is able to obtain state-of-the-art 
manufacturing automation products for student education, leverage 
industry professionals to provide real-world experiences to students, and 
gain training revenues and equipment. 

Mitsubishi also benefits greatly from this collaboration. The Mitsubishi 
training capability is expanded by utilizing a dedicated training center 
associated with a world class university, and a pipe-line of well trained 
and educated faculty and students with hands-on experience. The 
collaboration also allows Mitsubishi to leverage the university research 
and development capability.  
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Figure-2 Trainer Rak with VFD and Servo Drivers 

Figure-3 Tainer Rack with Different PLC modules 
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Training Center mission: 
 To provide a student-centered learning environment where

students, technician, engineers and end users learn the applied
technical material to prepare for a wide variety ofprojects  in
related fields.

 To conduct training with a normal classroom structure for a group
of students as well as training on individual topic, individual
course, and or individuals interested in learning specific topic on
automation engineering.

 To assist in providing technical assistance in design, installation
and troubleshooting of automation projects and other related areas
to local businesses.

Courses Offered at Training Center: 
Mitsubishi University offers a wide range of training classes on various 
Industrial Automation products, including programmable logic controllers, 
operator interfaces, networking, servos, motion controllers, variable 
frequency drives, and robots. A brief list of these classes is given below. 
The training center at Purdue University Calumet is equipped to facilitate 
all of these classes. Currently, the first two of the following list is taught at 
Purdue Calumet facility. 
1. PLC Basics (GX Works2) concentrates on PLC concepts and

hardware, and is the prerequisite for the PLC programming classes.  It
will always be offered the day before the GX Works2 Programming
class.

2. GX Works2 Programming, is a 3 days long, and discusses all PLC
platforms.This course is intended to introduce the GX Works2
programming software and programming in ladder logic.This course
covers the concepts of ladder programming, as well as the features of
the GX Works2 software.  The material covered will include concepts
applicable to the FX Series, L Series, and Q Series programmable
controller families.  In most cases, different hardware options will be
available to allow group of students to use the hardware platform of
their choice.

3. GX Works2 Structured Programming is a 3 day long, and
concentrates on the structured programming concepts.  It will always
be offered the day after the GX Works2 Structured Programming
class.

4. D75/D77 Positioning is a 3 day class and includes information on all
QD75, LD75, QD77, and LD77 positioning modules. The first 2 days
are covered by the new D75/D77 Positioningclass.  The third day is
allocated for QD77/LD77 Advanced Positioningtraining class.
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5. MT Works2 Programmingtraining class  is a 4 day long class.  This
class is applicable for users of the QDS Motion CPU, QD Motion
CPU, QH Motion CPU, Q170MCPU, and MR-MQ100.

Each course describes the materials under several Lessons. Each lesson is 
accompanied by practical and hands-n examples.  At the end of each 
lesson a list of questions are provided and student must answer to those 
questions. The questions are being discussed and answered in the class. 

Currently the PLC Basics and GX Works2 Programming classes are 
conducted at Purdue University Calumet facility. 

Besides the training center Mitsubishi also sponsors other experimental 
program with Purdue University Calumet. 

The detail of this project is presented in another paper [2]. 

Assessment: 
At the end of each class a test conducted to examine the student grasp of 
material.  When a student attend all the class sessions, performs all 
exercise problems and successfully pass the exam, a certificate of 
completion will be awarded to that student. 

Mitsubishi Sponsored Program 
Mitsubishi sponsors PackML Experimental Projects with Purdue 
University Calumet are as follows.  The main objective of conducting 
these projects is to obtain qualitative and quantitative benefits of PackML 
implementation. 
The elements of the PackML Experimental projects include  

– Defining benefit measurement criteria;
– Converting the software of an existing packaging machine

toconform to the PackML standard using Mitsubishi PackML
template software;

– Measuring and documenting the benefits of PackML integration.
An actual packaging machine will be used to conduct these experimental 
projects. The machine currently has the automation system from a 
particular supplier and the machine control logic was implemented using 
the traditional method without utilizing PackML. The experimental 
projects will include the following tasks by the students: 

– Determine a set of critical machine performance measures that can
be used to define the effectiveness and efficiency of the machine
operations, such as cycle time, simplicity of fault diagnostics, ease
of operator interaction, etc.

– Collect the data based on the measurement criteria selected.
– Implement PackML States and Modes on the same machine.
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– Collect the data using the same measurement criteria.
– Analyze and report the efficiency improvement of the machine.

Additional projects can also include replacing the control system with 
Mitsubishi control system with existing PackML template programs, and 
compare the advantages in implementing PackML using pre-defined 
templates. 

Benefit of the training center on exiting curriculum: 
Four laboratory experiments have been developed and incorporated in the 
existing curriculum for the 4-year Mechatronics Bachelor degree at 
Purdue Calumet. The following is the list of these four laboratory 
experiments. In these four experiments, the students get familiar with the 
Programmable Logic Controller basics, programming, digital and analog 
input/outputs, and special data collection cards, Variable Frequency 
Drives (VFD), Servo Motors and Human Machine Interface. 

Laboratory Experiment-1Introduction to Q-Series PLC Hardware and 
Configuration 
Laboratory Experiment-2  Basic understanding of Programmable Logic 
Control (PLC) 
Laboratory Experiment-3Basic understanding of Human Machine 
Interface (HMI).  
Laboratory Experiment-4  Intergradation of Motion Control to Two axis 
Motors through the PLC and HMI 

Conclusion: 
A state of the art laboratory with full support of industry was established. 
The mission of this laboratory is to train students, technicians, engineers 
and end users utilizing the latest technology in automation industry. The 
equipment and training material are given by industry and will be updated 
with new items as newer models become available. Furthermore this 
laboratory will provide technical assistance to local industries as it is 
needed. 
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Abstract: Security is a complex problem.  It includes many aspects, such as physical 
security, network security, operating systems security, database security, WEB and 
Internet security, software (SW) development security, users’ security, and more.  
The success of any security policy heavily depends on the human factor.  In this 
paper we have considered the emerging problem of security education: how to 
motivate the students to learn computer security.  We surveyed different groups of 
students including students with computer science and non-computer science majors.  
The results of this survey are presented and analyzed separately for the networks and 
software related vulnerabilities and threats.  Our research shows that many students 
(both with computer science and non - computer science majors) are unaware of 
security problems and threats and, therefore, need additional motivation to study 
security.  Examples of the author’s experience in teaching security courses are 
presented.  The results of the research may be useful for those who are planning to 
develop new security courses or introduce a richer security component in the existing 
courses. 

Key words: Computer security, human factor, security education, motivation. 

Introduction 

The success of any security policy heavily depends on the human factor.  In other 
words, no system can have a high level of security if people who develop, install, and use it 
do not understand what problems insecure use can cause.  The answer seems to be very 
simple: teach those who deal with computers proper rules of security, and this will solve 
many problems.  Unfortunately, it is not always true. 

Many of the security rules are very simple: select the right password, do not leave 
your password in a place where other people can easily see it, do not leave your computer 
unattended and running.  Among other rules we can mention are the following: do not read 
suspicious e-mails, always check the length of the input information in your program, and 
many other simple or relatively simple rules that have to be adhered to.  Many users and 
developers are familiar with these rules, but we can still see that breaking them is the reason 
for security problems. 

Stimulating Security

The name of this paper:” Stimulating Study of Computer Security” may sound 
strange.  Who wants to work in an insecure environment?  Let us teach students how to work 
securely with computer systems, and this would solve the problem. Unfortunately, this is not 
a complete solution.  

If we try to plant a flower in the soil that is not prepared specifically for it, the flower 
fades out after a while.  In order to study and then use security rules, students have to be 
prepared for this.  They have to fully understand the consequences of breaking these rules.   
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Here I would like to give an example for the security and privacy motivation, which I 
used at the very beginning of my “hacking” course.  This course is taught at the time when 
students have already taken the first programming course but have not learned anything in 
security so far.  The scenario is very simple.  Before the beginning of the first class, I ask 
somebody (a person who is not known to the students) to come to the class and announce that 
the professor will come a little later, but he asked the students to answer a short 
questionnaire.  The questions include general information about students (such as name, 
number of credits taken so far, Grade Point Average …) and also information about 
computers, operating systems, and applications they are using.    The questionnaire is short, 
and it takes just about 3 minutes to fill it in.  After this, my assistant collects the data and 
leaves the class.  I am entering the classroom immediately apologizing for the delay.  
Typically, someone from the class asks me something about the questionnaire (for example: 
“Professor, did you get our answers?”).  Now it is my turn to act.   I am making a surprising 
face and say that I do not know anything about the questionnaire they are talking about.  
When I learn that my students gave their personal information to an unknown person, I tell 
them that now they can expect to have many problems.  I have played this scenario several 
times with some variations, and every time my students have remained silent and shocked.  
At this moment the students begin to realize that they have done something wrong.  Of 
course, I explain to them that this is just an example of what may happen in the real world.  
But I believe that this is “a moment of truth” for many of my students, and they start 
understanding that security is something very real. 

   
Learning from the Students 
 There is nothing more useless and unproductive than trying to encourage people to do 
something if they are already motivated to do this.  So we decided to learn how many of our 
students are motivated to study security.  Motivations are definitely related to the level of 
awareness about security threats.  We have carried out a research focused on how our 
students understand various security problems.  Thus, we anonymously surveyed the students 
giving them a number of questions about various security problems.   
 Before describing the results, let us give the structure of the questionnaire used, 
numbers and characteristics of the students who participated, and the way we analyzed the 
students’ answers. 
Altogether about 150 students participated in this survey.  We separated them into three 
categories: 

1. Students who are not computer science (CS) majors and have some computer 
experience at the users’ level.  These are non-science students who took an elective 
general education course “Introduction to Computer Technology”.  18% of the 
students participating in our study fall into this category. 
2. Students who are CS majors and have some programming experience (have taken 
at least one programming course).  This category includes 18% of all students. 
3. Students who are CS majors have taken at least one programming course, and 
studied at least one course in computer security (64%). 
The survey includes the following types of questions: 
1. Related to network security (40%); 
2. Related to programming security (30%); 
3. Related to operating systems security (20%); 
4. Related to database security (10%). 

In our analysis we are going to focus on the first two types of questions.   
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 The answers that students had to give were not multiple choices.  Instead, they had to 
write several sentences or say “I do not know”.   For the convenience of our analysis, we 
divided all the answers into the following groups: 

1. “I do not know” group.  These are the answers in which students explicitly or 
implicitly showed that they did not have any idea about the question asked.   
2.”Have an idea” group.  These students displayed the understanding of the existence 
of a problem. 
3. “Have some specific knowledge” group.  Students in this group showed more 
extensive knowledge about a problem including ways of resolving this problem. 

We are going to analyze the students’ answers for two major categories of questions: 
networks and programming security.  The survey results are shown in figures 1 and 2.  

As we could expect, non-CS students have much less understanding of security 
threats and, therefore, less motivation to study them.    
 We observed a similar, but not so explicit, tendency for students with CS majors who 
already studied programming but did not take any security related courses. We received 
better results for the students with CS majors who already studied security courses.  
All the results mentioned above are obvious.  A more detailed analysis shows that 22% of   
CS students answer “I don’t know” to a question like “Why do you think networks are 
vulnerable to the attacks?”, and 25% of these students answer that they do not know anything 
about security problems in programming (one of the question in this group was:”What kind 
of program flaws do you know that can cause security threats?”).   In other words, roughly 
one of every four CS major students does not have any idea about major security threats.  For 
the non-science majors, these numbers are even bigger: every three students out of four are 
ignorant in security related problems.  We consider these numbers to be very high. 
   Teaching cyber security is the point where out secure future starts.  But just giving 
students more detailed information about the methods of resolving security problems cannot 
significantly change the situation.  Well-known saying states:”If I know what I don’t know, I 
can learn it”.  In our case, we can rephrase it:”If I know what I don’t know and I believe it is 
important to know, I will learn it”.  We believe security education has to include security 
related material going side-by-side with motivation to learn these materials.  It should contain 
more case studies and examples related to the materials explained.   Without doing this, it is 
very difficult to motivate 75% students with non-science majors and 25% of students with CS 
majors to study and follow security rules.  Together with implicit incorporation of security 
into existing courses [1,2], motivation will increase the awareness of the users and developers 
about security problems. 

Of course, motivation is important for every educational process.   What makes it so 
special for teaching security?   There are a great number of various security threats available.   
Even now, it is hard to remember all of them.  But, literally, every day brings more and more 
threats.  It is not possible to teach students how to defeat all of them.  We have to create in 
our students a permanent type of behavior according to which they will be motivated to 
anticipate the security threats and constantly study security.  Failing to do this may form a 
potentially dangerous situation for a computer user.  For a professional in the computer area, 
not following security rules is even more risky because this may affect many people at the 
same time.    
Conclusion 

 In this paper we have considered the emerging problem of security education: how to 
motivate the students to learn security.   Our research shows that many students (both having 
CS and non-CS majors) are unaware of security problems and threats.  These students need 
additional motivation to study security.  More examples and “security stories” should be 
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included in the teaching process, and we believe this will diminish the number of students 
who answer “I don’t know” to security related questions. 
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Figure 1 Percentage of the students answering network security questions in different answer 
categories   
 

 Figure 2 Percentage of the students answering software security questions in different 
answer categories   
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CONSTRUCTION MANAGEMENT STATICS 
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Abstract: Construction Management has become a growing discipline across the US in 
recent years.  Construction Management graduates basically build structures based on 
designs by engineers and engineering technologists.  Construction managers need to 
understand the nature of forces acting on the structures they construct, and that is why 
they need Statics.  However, they are neither expected nor should they be allowed to 
design, and that is why they need a different kind of Statics. 

This paper presents the approach developed to teach Statics to Construction Management 
students at Sam Houston State University where the author has taught in the past three 
years.  It shows the similarities and differences of teaching Statics to both Construction 
Management students on one side and to Engineering and Engineering Technology 
students on the other side.  But more importantly, it outlines what needs to be 
implemented to fit the needs of Construction Management graduates at actual 
construction sites. Recommendations are made based on this new approach of teaching 
Statics to Construction Management students. 

Key Words: Statics, Construction Management, Design. 

Introduction: 
Statics is an important subject in many Engineering and Engineering Technology 
disciplines especially Civil Engineering and Civil Engineering Technology, and 
Architectural Engineering fields.  Construction Management graduates deal 
extensively with architects to construct structures which are designed by civil 
engineers. Statics is a fundamental and required course in Civil and Architectural 
Engineering curricula. Many Construction Management programs require Statics 
in their curriculum for various reasons including accreditation requirements. 

The author has taught Statics to Engineering students for ten years at Penn State 
University.  Simultaneously, he also taught Statics to Engineering Technology 
students at the same institute. He made several presentations and published papers 
on the differences on teaching Engineering Mechanics courses which include 
Statics and Strength of Materials betweenEngineering and Engineering 
Technology students[1, 2]. In these papers and presentations, it was demonstrated 
that teaching Statics to Engineering students should be different than teaching it to 
Engineering Technology students despite being the same subject because of the 
fundamental differences between the two disciplines.  Engineering is based on 
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theoretical components while Engineering Technology is more concerned with the applied side 
of Engineering. 

At Sam Houston State University in Huntsville, Texas, the Construction Management Program 
offers Statics to its students.  The author has taught this course for the past three years.  The 
course is an elective course, but soon it will be a required course. Because of the fundamental 
differences between Construction Management and Engineering, Statics needs to be taught 
differently. The author has developed an approach to teach Statics to Construction Management 
students based on his experience in the construction industry including seven years with the 
North Carolina Department of Transportation, and on his teaching at Penn State University. 

Statics: 
A branch of Engineering Mechanics, Statics deals with bodies in equilibrium [3, 4, 5]. It is a 
fundamental course for most Engineering disciplines. The few exceptions include Chemical, 
Electrical and Computer Engineering.  Statics is a foundation Engineering course in the fields 
where it is needed.  In Mechanical Engineering, Statics is needed for subsequent design courses 
like Machine Design. Civil Engineering curriculum contains many courses that depend 
extensively on Statics including Strength of Materials, Structural Analysis, Steel Design, 
Concrete Design, Timber Design, Foundation, and Bridge Engineering among other advanced 
courses. 

Students learn how to deal with the different types of forces acting on an object.  Equilibrium 
analysis is the crux of this subject.  At the end of the course, Statics can be summarized as: ∑ F = 
0 and ∑ M = 0 using the popular Newton’s 2nd Law of motion:  F = Ma with the acceleration 
a=0 for bodies in equilibrium.  Students have to learn how to handle all kinds of forces and 
moments to use the above equilibrium equations. 

Statics in Engineering and Engineering Technology: 
Engineering programs and Engineering Technology programs have different missions. 
Engineering is more theoretical while Engineering Technology is more applied.  Accordingly, 
the two fields have different entry requirements especially Math and Physics, curriculum 
components, and job placement after graduation.  All Engineering programs (with very few 
exceptions) require four-year education.  Engineering Technology can either be a 4 year program 
in which graduates are called technologists, or two-year programs which graduate technicians. 

The above paragraph demonstrates exactly why Statics should be different in these two 
programs. Engineering Statics should be Calculus based and students should be able to establish 
everything from scratch and in all general cases.  For example, they need vector analysis in 2-D 
and 3-D applications, and they need to find the centroid and moment of inertia of any shape 
using integration.  On the other hand, Engineering Technology is Algebra based.  Students need 
to learn the more common and practical 2-D applications only.  The 3-D real-life applications are 
usually handed to engineers to design.  Engineering Technology students need to learn more 
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practical techniques like finding the centroids and moment of inertia using tables and computer 
software programs like AutoCAD.  

ABET Requirements: 
In its curriculum criterion for Engineering programs [6], ABET requires “one and one-half years 
of engineering topics, consisting of engineering sciences and engineering design appropriate to 
the student's field of study.”  For many Engineering disciplines, Statics is one of those 
engineering topics. For Engineering Technology programs, ABETcurriculum criterion [7] states 
that “the technical content of the program must focus on the applied aspects of science and 
engineering.” Statics is one way to fulfill this ABET requirement for many Engineering 
Technology programs.  

Construction Management: 
The Occupational Outlook Handbook by the US Bureau of Labor Statistics [8] states: 
“Construction managers plan, coordinate, budget, and supervise construction projects from early 
development to completion.” Construction Management is a vital field nationally and 
internationally.  Construction activities serve as an index to the strength of the economyin the US 
and across the World [9].  Poor construction indicates a poor economy status and vice versa [10].  

Many universities offer various Construction Management programs across the US from 
certificates, BS degrees, to official Master’s and even Ph. D. degrees. Currently, it is one of the 
most rapidly growing fields in the institutes of higher education.  Traditionally, Construction 
Management has been a program within the Civil Engineering Discipline.  However, it has been 
also offered relatively recently outside Civil Engineering departments.  In some cases, it is a 
standalone department like the case with Texas A&M University. 

Accreditation of Construction Management: 
The American Council for Construction Education (ACCE) located in San Antonio, Texas is the 
main accreditation agency for Construction Management Programs.Many programs seek ACCE 
accreditation including for example the Construction Management program at the Central 
Connecticut State University. 

In its criteria [11] and rules for accrediting BS Construction Management programs, ACCE 
requires 20 credit hours out of the 120 minimum total credit hours in the Construction Sciences 
Category. Out of these 20 credit hours, three must be in Fundamentals of Design Theory. The 
ACCE manual cites Statics as an example to fulfill this requirement. 

Statics for Construction Management: 
Many Construction Management programs offer and require Statics in their curriculum. For 
instance, the ITT has CM330-Statics and Strength of Materials in its Construction Management 
curriculum. Another example is Fairleigh Dickenson University which has EGTG 2221- Statics 
as a required course in its Construction Engineering Technology program.  
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Looking at available online Statics syllabi for many Construction Management programs and 
talking to many faculty members who teach it, the following observation can be made.  Statics in 
Construction Management is being taught the same way by which it is taught in Engineering and 
Engineering Technology.  Little or nothing is done differently than the traditional approach. 

Statics in Construction Management at Sam Houston State University: 

Sam Houston State University offers a Construction Management Program.  The curriculum 
program currently does not require Statics.  Knowing the importance of design courses to 
Construction Management, the author offered Statics as an elective course for the past three 
years.  The process of making Statics a required course was initiated, and it is expected to be 
completed soon.  The course ITEC 3375- Statics will be a required course in the 2013/2014 year. 

The author took this chance to develop this Statics course at Sam Houston State University to fit 
Construction Management based on his professional experience as a structural and transportation 
engineer, and as a faculty member teaching Statics to Engineering and Engineering Technology 
students at Penn State University. 

To start with, Construction Management graduates are exclusively concerned with managing the 
construction phase and not with the design aspects of the project.  Typically, the architect who is 
in charge of the projectconsults with various engineers to produce the design.  Besides civil, 
structural, mechanical and electrical engineers, the architect might consult with interior designers 
as well.  The design will then be drawn by CAD technicians prior to the construction phase.  
That is, the actual design will be transformed from design documents to construction drawings.   

Construction managers are those who build structures.  That is, they transform the engineering 
design presented to them as construction drawings into standing structures.  This is the reason 
why they need some exposure to design in their education.  They need minimum knowledge of 
design concepts to construct structures.  However, they are neither able nor expected to design.  
In fact, construction managers are legally required and they should always get written approval 
from the architect or engineer before any change in design is made. Otherwise, catastrophes will 
likely happen.  A case in point is the infamous structural collapse of the Hyatt Regency Hotel in 
Kansas City, Missouri in 1981.  In that incident, 114 people were killed and many more were 
injured.  The collapse resulted because of a simple change in the design during the construction 
phase [12].  The contractors used a rode connection that is slightly different from the original 
design. 

Accordingly, there is a need for Statics in Construction Management.  However, there is a need 
for a different kind of Statics: a Statics course that fits the background of the students and 
prepares graduates to perform their job in the field.  This has been the focus of this Statics course 
at Sam Houston State University. 

The emphasis in this course has been on concepts rather than details.  Students need to know the 
type of forces acting on structures.They need to quantify them in a general manner and not in 
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detailed ways.  They do not need vector analysis.  Rather, they only need to know simple 
addition of forces using the method of rectangular components.  Unlike Engineering and 
Engineering Technology Statics, treatment of forces should be and is limited to 2-D applications 
as most of the structural frames are 2-D in real life.  Students have to understand the concept of 
moment.  Equilibrium analysis should be an integral part of the course.  Construction 
Management students do not have extensive Calculus and Physics background, and that is taken 
into account.  An introduction to the mathematical concepts needed in this course is made at the 
beginning of the semester.  This serves as review for many students.  It also serves as a stress 
relief for them. 

A lot of emphases are made on field applications.  Examples of using Statics concepts in actual 
construction sites are frequently cited. Such examples are cited from day one until the end of the 
course.   

An important goal is to enhance communications between construction managers and engineers 
especially when changes in design are warranted.  This course allows construction managers to 
identify potential problems and communicate them to engineers.  Construction managers will 
have the background needed to interact with the engineers.  It gives construction managers the 
confidence to question design choices based on practical considerations.  In essence, a more 
conceptual approach with little attention to design details is followed.  

Students loved this approach for many reasons.  First, they seem to like it because it involves the 
use of Statics in real life.  They like it because it illustrates the interaction between construction 
managers and engineers in the construction industry.  The use of more concepts and less design 
details seems to be the most liked feature of this approach.Several graduates indicated that they 
are using what they have learned in this course in their line of work. 

Challenges: 

The biggest challenge in teaching Statics to Construction Management students is their 
background prior to enteringthe program.  The course must take into account that these students 
do not have strong and extensive Math and Physics backgrounds.  The course must therefore 
allocate enough portions to introduce and review relevant Math and Physics concepts. 

Motivating students who are focused on management rather than sciences is another challenge 
that needs to be accounted for.  This can be done by avoiding unnecessary detailed design 
calculations.  Instead, a conceptual approach needs to be adopted. 

To teach such a course, the instructor must have enough professional and educational 
backgrounds.  He/she must be able to understand the connection between Engineering and 
Construction Management.  

Another challenge is finding a suitable textbook for this subject.  There are abundant 
Engineering Statics textbooks in the market.  Very few textbooks are suitable for Engineering 
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Technology Statics.  Suitable textbooks for Construction Management Statics do not seem to 
exist at this point in time.  Accordingly, the instructor needs to use existing textbooks with many 
and various modifications. 

Many educators especially in Engineering and Sciences are likely going to question this 
approach.  This is based on their theoretical background.  Many of those lack industrial 
experience as they always focus on theory more that real-life applications. 

Summary and Recommendations: 

A new approach to teach Statics in Construction Management has been implemented at Sam 
Houston State University. This approach takes into account the background of the students prior 
to entering theConstruction Management program as well as their needs upon exiting college life 
into the workforce.  It focuses more on concepts rather than design details.  The approach seems 
to fulfill its goals. One of which is to make graduates capable of communicating more effectively 
with the design team in the workplace. 

It is suggested that this approach be adopted by other instructors at other institutes of higher 
education.  Other instructors who are using similar approaches need to share their experience.  A 
new textbook in Statics addressing the needs of students in Construction Management programs 
is needed. 
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Abstract: Freshman Architecture and Construction Management Engineering Technology students in my 
sections of a Materials and Methods of Construction I course are required to create a visual dictionary of 
a list of assigned construction material terms.  This project requires that each student produce a 
PowerPoint™ presentation with one construction material photograph and corresponding definition per 
slide.  Each student is required to locate and then be photographed with each of the listed construction 
materials, provide a matching definition in their own words, create a presentation of the photos and 
definitions, and be prepared to present their project to the class.  Digitally or otherwise re-mastered 
photos are not permitted.  The goal of this paper is to discuss visual dictionaries and assess qualitative 
data from a student survey taken after the project is completed.  The results of this study will provide 
faculty with an understanding of the relative benefits of integrating a visual dictionary project into their 
courses. 
Key words: student-produced visual dictionary, active learning 

Introduction: 

A visual dictionary is a dictionary that combines drawings, diagrams or photographs and 
corresponding text to explain the meaning of a word or term.  There are visual dictionaries in 
book and digital form.  Visual dictionaries are usually broken into themes within one source
[1] or dedicated to a specialized subject area such as language translation, architecture, anatomy, 
and even Star Wars Episodes. [2]  Per Pappas, Glezer, a postdoctoral researcher in neuroscience 
at Georgetown University Medical Center, has found that “the brain holds a ‘visual dictionary’ 
of words we have read allowing quick recognition.”[3]  The brain uses different pathways to 
process verbal and visual information.  Therefore when students receive information in 
verbal/written and visual forms, it makes them use more of their brain[4] than when they only 
see information presented as text.  Safford, in an article titled “Visual Dictionaries:  Pictures + 
Text = Learning” stated that, “The combination of pictures and their word analysis appeals to a 
combination of learning styles.”[5] Students also have better recall of ideas learned from visual 
sources compared to text sources after many years. [6] 

In 2009, Gangwer stated that 65% of students are visual learners, 30% are auditory learners and 
5% are kinesthetic learners.[4]  In an earlier study by Fowler et al, it was found that 75% of 
students are visual learners and 80% of students are active learners.[7]  Active learners learn 
more by working on projects, solving problems and working in teams.  Visual learners prefer to 
learn from drawings, videos, photographs and diagrams. [8]  They typically close their eyes to 
recall something that they have seen, often think in visuals, learn best from visual media and find 
oral information difficult to remember. [6]  Engineering students today are surrounded by visuals 
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through sources such as computers, the internet and videogames, not to mention television, 
movies and PowerPoint™ /video presentations in the classroom.  In his paper titled “Learning 
and Teaching Styles in Engineering Education” Felder states that most college students are 
visual learners. [9]  
 
Background: 

 
Evidence has shown that we have been a visual society from the earliest recordings of human 
experience in Paleolithic cave paintings, to Egyptian hieroglyphics, to the modern era of the 
visual language. [4]  Per the old saying “A picture is worth a thousand words,”[10] visuals in 
education have stemmed from drawings on slates, to paper, to blackboards and whiteboards, to 
images on overhead projector screens, to the computer and the internet.  It fact it would be 
difficult, if not impossible to teach any subject but especially architecture or engineering 
programs without visuals.   
 
A visual dictionary is a tool that aids the teaching of new words and terms with labeled visuals.  
Visual dictionaries are used by learners of all age groups and learning abilities.  In a secondary 
student study it was shown that visual dictionaries used in the classroom benefited students in 
improving comprehension, speech development and language, writing skills, self-confidence via 
conversation, social skills, and technology and art skills. [11] 
  
Per Gangwer, there are 6 “methods of visual learning:” Investigate (focus words and images), 
Chronicle (document/record to capture a moment in time), Express (see the world through 
emotive images), Communicate (share ideas), Inspire (persuade behavior through images) and 
Envision (imagine personal and occupational goals).  The student-produced visual dictionary, or 
pictorial dictionary, exemplifies a number of these visual learning methods.  This project is an 
active, visual, written and verbal project which reinforces classroom learning by requiring the 
students to find the new construction terms in the community. [12]  Students have to actively 
investigate their surroundings, find the required construction terms and write their own 
definition.  As an example, for the term ‘split-faced concrete masonry unit (CMU)’ they must 
examine building exteriors and find one clad in split-faced block or they may go to a masonry 
yard to find the material.  When they have found an example, they have to not only photograph 
the building material, but they must also be in the photograph for this project.  This step 
chronicles that they have seen and perhaps touched the material (kinesthetic learning) and 
combats copying photographs from other sources, such as publications and the work of other 
students.  The students then communicate their projects through PowerPoint™ presentations, a 
sample of which is presented in class when the projects are submitted.  The final presentation is 
an oral and visual presentation, which aids the students who prefer auditory learning.  

As a clarification, there are two distinctions between the traditional visual dictionary and the 
student-produced visual dictionary in this project.  The student visual dictionary project is 
researched and created by the student using photographed visuals and not labeled drawings or 
diagrams as in the published visual dictionary.    
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Course Evaluated: 

Two Fall 2010 sections and one Fall 2011 section of a freshman Materials and Methods of 
Construction I course were part of the qualitative testing for this paper.  Materials and Methods 
of Construction I (CON 161) is a required course for all students in both the Architecture 
Engineering Technology and Construction Management Engineering Technology programs in 
our department.  It is also a prerequisite course for a number of other courses in both programs.  
CON 161 is a 2 hour and 50 minute per week lecture course that introduces students to 
construction material characteristics, residential and small-scale commercial building 
construction methods, and the construction industry as a whole.  Other than a soil sieve test,  
CON 161 lacks a laboratory component.  Assessment of student learning in this course has 
traditionally been either via weekly quizzes, mid-term and final examinations.  Faculty members 
teaching the three sections of this course normally draw construction details on the board and 
supplement their teaching with PowerPoint™ presentations, short videos, and construction 
material samples. The students are freshmen and mainly commute to campus from their homes 
on Long Island, Queens, and Brooklyn.  In traditional lecture-only classes such as CON 161, 
there is little opportunity for students to interact or learn from each other or from the built 
environment.  

Methodology: 

Each of the 3 Fall 2010 and 2011 Material and Methods of Construction I classes was given a 
visual dictionary project containing 25 building construction terms that would be covered during 
the semester.  The project was assigned at the beginning of the semester and was to be completed 
and submitted via upload to the Angel courseware system at the end of the semester.  Student 
submissions were only visible on Angel to the course faculty and to the student uploading their 
project.  All students were notified that a random selection of students would present their 
projects on the submission date.  Due to time constraints, it was not feasible for each student to 
present their project.  Although the students were encouraged to work together to source the 
materials, assist with taking photographs, share a camera where necessary, and to interact with 
other students, each student was required to submit their own visual dictionary presentation.  The 
project deliverable was a PowerPoint™ presentation containing a title slide, index slide and one 
slide with a photograph and a definition (in their own words), for each building construction 
term.  The students were instructed that they were to be visible in each photo and that digitally 
re-mastered photos were not permitted.  Each slide was worth 1% of their final grade (0.5% per 
correct photo and 0.5% per correct definition) therefore this project accounted for up to 25% of 
their final grade for the course.  On the project submission date, a random sample of 
presentations was selected by asking the class to randomly call out any 5 numbers between 1 and 
“X” (the total number of students in the class).  The 5 numbers were noted and then the faculty 
read out the names of the presenting students whose names corresponded to each of these 
numbers on the class list.  The randomly selected students then presented their projects to the 
class.  After the projects were submitted, the students were given a blind survey asking questions 
about their opinions on the course tests, projects, textbook and exercise workbook.  The results 
for the question regarding the visual dictionary project will be presented and discussed here in 
addition to the course outcome assessment for this project. 
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Results: 

 
The qualitative survey results in Table 1 below show that all 3 groups of Materials and Methods 
of Construction I course tested agree that the Building Construction Visual Dictionary was a 
good learning experience for this course. 
 
The outcome assessment percentages of students who met or exceeded the standard is as follows:  
2011 = 64%, 2010 afternoon = 86%, and 2010 evening = 76% (Table 2 below). 
  
Discussion: 

 
The qualitative survey indicates that the majority of the students, 71.48% on average in the 3 
sections of the Materials and Methods of Construction course surveyed, believed that the Visual 
Dictionary of Building Materials Project was a good learning experience for this course.  Of the 
remainder of the students surveyed, an average of 16.63% neither agreed nor disagreed with this 
statement and an average of 11.89% of students surveyed disagreed or strongly disagreed with 
this statement.  The overall Likert score for all three sections is 3.9 — i.e. the average response 
for all 3 sections “agreed” with the statement, “The Visual Dictionary of Building Materials 
Project was a good learning experience for this course.” 
 
Approximately 57% of the students in all 3 sections exceeded the standard for this project, 18% 
met the standard, 11% approached the standard and the remaining 14% did not meet the standard 
for this project. 
 
Conclusion: 

 
There is a qualitative benefit to incorporating a visual dictionary into a freshman course.  The 
author plans to keep this project in the coursework for freshman and encourages other faculty to 
implement it into their courses.  Further research on this topic with a larger sample sizes and a 
quantitative pre and post-test is recommended. 
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Table 1: 

 

 
 
 
 
Table 2:   

 
The following is the outcome assessment of the Visual Dictionary project from 3 different 
sections of Materials and Methods of Construction I course: 
 

Students would be able to 
identify, locate, photograph 
and define assigned building 
material terms. 

Percentage 
Exceeded 
Standard   

Percentage    
Met 
Standard 

Percentage 
Approaching 
Standard 

Percentage 
Did Not 
Meet 
Standard 

Fall 2011     52 9 13 26 
Fall 2010  Afternoon 62 24 9 5 
Fall 2010 Evening   56 20 12 12 
Average     57 18 11 14 

 
 
 
 

Materials & Methods:  

CON 161 Fall 2011, 2010 (2 Sections)

ABET Student Survey Q3

1 2 3 4 5

2011

Evening 2 1 2 5 12 22 13.64% 9.09% 77.27% 4.09 Agree

2010

Afternoon 3 3 8 5 19 15.79% 15.79% 68.42% 3.63 Agree

2010

Evening 1 4 5 6 16 6.25% 25.00% 68.75% 4.00 Agree
3. The Visual Dictionary of Building 

Materials Project was a good learning 
experience for this course. 

3. The Visual Dictionary of Building 

Materials Project was a good learning 
experience for this course. 
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Abstract: In today’s modern society, students and educators are interested in teaching 
approaches that enable them to learn at their own pace by leveraging their comfort with 
technology in a setting that is fun, collaborative, applicable to real world problems and often 
team-based.  It is imperative for educators to develop corresponding new teaching methods 
that are much more efficient, and effective. Many institutes have developed online programs 
that havemade education more available with the advance of technology. This paper 
investigated two different teaching systems: campus based learning and online learning. Both 
campus-based and online learning share common learning objectives and can achieve the same 
learning outcomes with different approaches to communicate with students and motivate them 
in the learning process.   

Introduction:

 Advancements in technology have created a new generation that learns more actively—and 
intuitively—than passively, as was the norm in prior generations. Technologies provide 
opportunities for both educators and learners to seek teaching and learning approaches that 
enable them to learn at their own pace by leveraging their comfort with technology in a setting 
that is fun, collaborative, and often team-based.  Many universities have developed and offered 
hybrid or fully online coursesas a viable alternative to a traditional classroom. The online 
education has become very popular, especially for working professionals who are looking for 
career advancement, career changes, or the chance to earn a degree at their own pace. In online 
classes, students are able to plan their own time for class activities and participations following 
instructions. Not only students have to adapt their learning, but also educators must change the 
way they have been teaching traditionally in classroom to accommodate the flexibility and 
accessibility to achieve the effective and efficient learning outcomes. How different are these 
two methods of teaching, and do either prove better for the student? With these questions, we 

HLi@CityTech.Cuny.edu and ASetoodehnia@ecpi.edu
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comparedtwo different systems in curriculum development, class activities, student support and 
assessment.  

Curriculum Development: 

In both traditional college campuses and online campuses, curriculum developments are always 
ongoing processes tomaintain the degree program current, and reflectchanges in the subject 
areas. In the curriculum development of both in-seat and online courses, the goal is to achieve 
the same objective and the learning outcomes. It is important to ensure the quality of education 
no matter what class setting the students find suitable according to their situation and decide to 
pursue their education goal. 

On campuses, the curriculum is continuously discussed by faculty and courses will be modified 
or new courses will be developed in demand of current changes of the subject area. The 
document often includes:  

 The course description
 Detailed the learning objectives
 Teaching topics along with a selected textbook by each week or each session
 define grading policy

The course outlines, or syllabi and other course documents will be shared with all instructors 
who teach the course. Instructors havethe flexibility of conducting class activities as long as the 
learning outcomes are met while different teaching pedagogy may have been applied. Different 
assignments, projects and different test questions may be given to assess the learning outcomes 
and further evaluate students’ final grade. It allows instructors to adjust emphasis of topics 
during lectures according to feedback from students and observation from interaction with 
students. However, it is challenging to maintain consistency when multiple sections of the course 
are taught by different instructors. 

On the other hand,development of an online course aims to achieve the same course objective as 
the campus curriculum. It often involves more details in addition to describing the course 
description and learning objectives, such as: 

 provide weekly lecture, reading materials with a selected textbook
 Create assignments, research papers, and term projects
 design online quizzes and exams
 define grading policy

The fact that all course materials are pre-developed and pre-loaded onlineenforces consistencyof 
teaching no matter which instructor teaches the course. The schedule is set so that instructorsand 
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students have to follow the curriculum design. However, most of online class setting are 
asynchronous naturally thatstudents access course contents at different time within defined 
duration.The responsibility of instructors havebecome more as facilitator who provides course 
related materials, initiates and monitors discussions,  

Class Activities and Participations 

Traditionally, instructors have flexibility of conducting class activities as long as the learning 
outcomes are met while different teaching pedagogy may have been applied. Different 
assignments, projects and different test questions may be given to assess the learning outcomes 
and further evaluate students’ final grade. It allows instructors to adjust emphasis of topics 
during lectures according to feedback from students and observation from interaction with 
students. However, it is challenging to maintain consistency when multiple sections of the course 
are taught by different instructors. For many years, pedagogy study has been focused on how to 
conduct classroom activities effectively, andengage students in the classroom learning.  

In online classes, the role ofthe instructor is different than the one in classroom but the goal and 
responsibility of instructors have been the same. Instead of giving lecture of materials, 
instructors facilitate online resources with students’ learning. Students are able to plan their study 
time and toparticipate in class activities despite their geographical location. They can access the 
class materials whenever they have time to study or they need to review the materials repeatedly. 
It is the student's choice whether or not studying at nighttime or in the morning is best for them. 
Especially for those who are employed,having to work and attend classes at the same time can be 
very stressful. Online classes reduce the stress by allowing students to learn when it is 
convenient for them. Communications with instructors and classmates can be carried out through 
emails and online discussion board and etc.Instructors organize course materials, including 
lectures and assignments, etc. create adiscussion forum to engagestudents in the learning process. 
Instructors may post on Discussion Board additional effective assignments and information 
resources. Through online utility, instructors communicate with students throughout Discussion 
Boards, News Forum, Open discussion Forum and one to one communications such as 
answering students’ questions via chat room, WEB conference live meetings, emails, and phone 
conversation as requested or needed.  However, having thisflexibility, students must be able to 
control and manage the time effectively. Theyought to be more self-disciplined and self-
motivated. All students will be fairly evaluated in the same criteria with online record setting for 
late penalty policies and grading. 

Online classroom setting also provides a communication channel for students who take the same 
classes. Normally, a discussion board is available in different formats of different software with 
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thevery same purpose: a virtual forum for students to share experience, exchange ideas, raise 
questions and discuss possible solutions.  

Students support: 

Interestingly, students taking online classes find instructors more approachable via the internet 
than they would be in a classroom setting. On campus, instructors offer certain number of office 
hours when they are available for students who may have questions or need additional help 
outside of classroom. Through online system, students can send questions and comments to 
instructors anytime and instructors respond and provide feedbacks and commentswithin a 
promised duration, some institutes require instructors to respond students’ inquiry within 24 
hours. In addition, online students can participate in their department community group, and 
request to setup live one-on-one tutoring session as needed.  

Very often in theclassroom setting, the discussion turns out to be dominated by a few students 
who are more confident and out-spoken while the virtual discussion boards provide an equal 
opportunity for all students to participate within their own comfort zone when they are all 
required to, for example, have an initial quality post in discussion forum, read other posts, and 
reply to others for grading. 

However, students must have discipline, time management, and self-motivation to succeed in 
obtaining online degrees. What they would not experience is campus life and what the campus 
life would offer to all students. On normal campuses, learning center with tutoring service is 
established where students can seek one-on-one help in person.  Various intellectual events and 
social activitieson campus enrich cultures and motivate learning. 

Campus-based learning promotes civic engagement. Many colleges and universities are 
beginning to emphasize thateducating society about civic responsibilities is a crucial element,. 
Using the campus as a study site gives students an opportunity to be part of the campus 
community in a practical, hands-on way. 

Assessment: 

Assessment is the process of observing and measuring learning which provides faculty with a 
better understanding of what students are learning. Faculty will be able to further engage 
students more deeply in the process of learning. Traditionally, assignments and projects were 
given and collected; quizzes and tests are conducted in classroom at the set date and time. Online 
students are able to choose when they would like to take them during the time frame. Very often 
the tests given in classroom are close-book tests. Students have to demonstrate their 
comprehension of topics without accessing any materials. The close-book tests reinforce students 
to understand and memorize related concepts during their preparation for tests.  Unlike 
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traditional students who have set class times, online students are able to review materials until 
they feel they are ready to complete assignments or take tests and quizzes. Online tests may not 
have arobust mechanism to conduct test in the close-book manner. Instead, students have access 
to all information available, such as books, their notes, and computer with internet search.  

The advantagesof in class testing

 If students have questions, the instructor is present to answer them.

 While cheating is certainly possible, the professor is there to catch cheaters.

 Everyone has the same chances within the same time duration to pass the test.

 More students are used to this testing method. They have been tested in the

classroom for years.

The disadvantages of In Class Testing 

 Many people have testing anxiety. Being in a room full of people taking a test can

make these people forget everything they knew on the subject being tested.

 Students must be on time to take the test.

Advantages of Online Testing 

 Students can often take the test at their own preferred time. Many instructors offer a

window of time for students to choose to take the test. While the test is still likely timed

once students begin.

 If a student has testing anxiety, it should be lessened when the student takes thetest at

home on acomputer answering questions, rather than in a room full of people.

 If you get a leg cramp, feel free to jump up and run around the room.

Disadvantages of Online Testing 

 It is not monitored by instructor. It is very challenging to avoid plagiarism.
 The computer or internet connection problems may occur.
 If students have questions about the test, instructor might not be online to answer the

questions
 Some students might not be used to online testing and may not be used to navigating

the test. Unskilled navigation can result in pressing the wrong button and getting
locked out of the test.

Faculty and Students Effort 

Traditionally in classroom teaching, instructors prepare thelecture, deliver thelecture in 
theclassroom, and answer any questions student may have. The classroom is the platform of all 
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class activities. Instructors interact with students during thelecture. Students may ask questions 
during thelecture. Based on the observation during class from students’ expression, behaviors 
and questions and feedbacks, instructors may adjust activities to address emphasis as necessary. 
For example, instructors may stop lecture and raise aquestion in order to have the class’s 
attention;instructors may open discussion during lecture. Instructors’ efforts are usedto prepare 
lecture, conduct the class, prepare tests, and grade them. 

Online classes changed the way instructors conduct teaching. All lecture materials are accessible 
anytime,including course description, lecture presentations, assignments and etc. Tests are 
preloaded and instructors will make them available to students at the scheduled time. Instructors 
no longer conduct class lecture. Instead, students will go through materials at their time of 
preference. What else is therefor instructor to do besides grading that is automated most of 
thetime?When students have questions, instructors need to explain via writing or phone 
conversation. It is much more difficult than in theclassroom especially in the topics that visual 
graphs can be used. Moreover,the instructor would have to repeat explanation to each student 
who has the same questions when phone conversation necessary. If the discussion board is used 
for class discussion or exchange of questions and answers, there will always be time delay unless 
instructors are on theinternet 24/7.  

As a student, learning in theclassroom setting is different than learning online.  In classrooms, 
students need to be on time, focus, participate in class activities and follow instruction about 
assignment. In online class, students need be self-disciplined and self-motivated to allocate time 
to read lecture and be able to comprehend. Instructors are there to help only if students raise 
questions.  

Summary 

Classrooms provide a platform for instructors to communicate with students, observe students 
and further enhance their teaching. In classroom, emotion, passion and the personalityof 
instructors can have great impact on students. The campus life cannurture, motivate students and 
help students with various problems.  
Although the online teaching will not replace the classroom teaching,thepopulation seeking 
online education has been growing. Many universities haveincreased the offering of online 
curriculum. Online classes provide flexibilities that on-campus classrooms do not have. It has 
made possible for working professionals who are looking for career advancement, career 
changes, or the chance to earn a degree at their own pace. It also provides opportunities for many 
people who are self-disciplined and self-motivated to seek quality education in at adistance. 
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Abstract: Over the last several years, the world has witnessed numerous major cyber attacks resulting in stolen 
personal credit card numbers, leak of classified information vital for national defense, industrial espionage resulting 
in major financial losses, and many more malicious after effects. By using worms, viruses, Trojan horses, and 
various malicious tools, hackers have managed to make safe computing a more difficult task. This has resulted in 
introducing the concepts of cybersecurity in the education of computer science, information technology, and related 
fields. Cyber defense concepts are being introduced in traditional engineering and technology programs. To this end, 
we have developed a course module on “Secure Programming” to effectively teach the best practices of secure 
coding in Fairleigh Dickinson University’s undergraduate engineering programming course. This paper presents the 
contents of this module and our experiences in teaching it in our ENGR 3200 “Advanced Engineering 
Programming” course during Fall 2012 semester for the first time. This course is taken by the engineering and 
engineering technology juniors learning C/C++ programming with engineering applications. This is the second 
course after the students completed procedural programming in MATLAB in their freshman year. The ENGR 3200 
course starts out reviewing MATLAB coding, introducing the C procedural programming concepts and ends with 
C++ object-oriented programming. Class and lab exercises include coding both in C and C++. Our experience 
shows that teaching this “Secure Programming” module in ENGR 3200 help students not only to understand the 
impacts of insecure and not thoroughly tested code, but also to gain significant knowledge of safe programming 
practices. This module covers the computer security concepts, input/output data validation, secure string processing, 
and other best practices in secure programming. Students are not only taught how to mitigate such problems 
(practical aspect) but also the root cause (theoretical aspect) of their formation. We have developed a simple rubric 
to assess student learning of secure programming concepts in this course. Student learning outcome assessment 
shows that they get a good understanding of the risks and vulnerabilities and form basic ideas of secure 
programming to reduce such vulnerabilities. We are working towards possible introduction of similar concepts into 
lower level engineering and engineering technology programming courses. 

Key Words: Programming, Secure Coding, Integer Overflow, Input Validation, Buffer Overflow 

Introduction: 

At our university, all engineering and engineering technology majors take a first course on 
programming – ENGR 1204 Programming Languages in Engineering (viz. 
http://www.fdu.edu/academic/1214bulletin/universitycoursedesc.pdf). This course involves 
procedural programming in MATLAB. Advanced programming course, ENGR 3200 is required 
to be taken additionally by the electrical engineering and electrical engineering technology 
majors. Programming in C and C++ are introduced in this course using the text book [1] and 
introduces both the procedural and object-oriented programming course topics. ENGR 3200 also 
is a prerequisite course for the EENG/EGTE 3288 Microprocessor System Design II which 
requires programming the Freescale HCS12 microcontroller using the C language. As such, this 
course is a prime candidate for introducing Secure Coding principles. 

131

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 

mailto:mondal@fdu.edu
http://www.fdu.edu/academic/1214bulletin/universitycoursedesc.pdf


 
Secure coding concepts have been proposed and incorporated in some college curriculum [2 – 4] 
mostly in the computer science departments. However, due to the criticality of the cyber attacks 
and the resulting disruptions, all engineers must know the root cause of such issues and how to 
program defensively to minimize vulnerabilities in their code. Thus the concepts of secure 
programming need to be introduced in the normal engineering and engineering technology 
curriculum. Although there is a wealth of teaching material in the website [3], the right place of 
injecting such modules is left to the choice of the instructors. In this paper, we outline which 
Secure Coding concepts were introduced and at what point in the ENGR 3200 course. The main 
idea is not to disrupt the flow of topics in this course, but to introduce the security concepts and 
examples integrated throughout the course. Final discussions culminated in a separate module 
that ties all the concepts to the actual threats and vulnerabilities. 
 
This paper is divided into the following sections: Integer Overflow, Input Data Validation, 
Buffer Overflow, File I/O, String Processing, and Secure Programming Module. Finally, we 
summarize the student outcome of answering secure coding related Practice questions in the final 
examination in the Conclusion section. All examples in this paper were verified using Microsoft 
Visual Studio 2010 Premium. 

 
Integer Overflow: 

The problem of integer overflow occurs when the user-entered data exceeds the range of values 
acceptable for the relevant variable. Due to overflow of buffer saving the integer data, it can lead 
to unpredictable behavior of the program and potential security risk. This topic was discussed, in 
our course, right after the concepts of control structure (“if – else”) was introduced (viz., Section 
4.2 of [1]). By this time, students already learned about arithmetic operations, variable 
declaration statements, assignment operations, and interactive input. So they could write simple 
programs using “int” and “double” variable types and control structures. At this point, they were 
shown the following example of integer overflow and a solution to the problem was also 
discussed. 
 
The C++ program in Fig. 1 is adapted from [2] and asks for user input of an integer. If the 
entered value is even, the number is divided by two, else it is doubled and one is added to it. The 
relevant variable “num” is declared to be of type “short int” whereby its value is limited between 
-32,768 and 32,767. Since there is no input data validation, the program may result in an integer 
overflow whereby for a large positive integer input (e.g., 16385), the result may come out to be 
negative (-32765). The correct result should have been 32,771, but due to arithmetic overflow 
and two’s complement wrap-around, the result became negative. This particular example not 
only exemplifies the issue of Integer Overflow but also points out the vulnerability introduced 
due to a lack of proper input data validation. 
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The problem can be resolved in two different ways. First, it can be fixed by adding an input data 
range check selection structure as shown in Fig. 2. This allows the program to abort with a 
message, if the user data entry exceeds the programmed limit. The second approach would be to 
change the variable declaration of “short int num” by the “long num”. This approach increases 
the allowable number range to a very high value, decreasing the probability of Integer Overflow. 
In this course, we emphasized the first method shown in Fig. 2. 
 
An excellent set of coding guidelines to avoid Integer Overflow in a C/C++ program is included 
in [3]: http://cis1.towson.edu/~cssecinj/modules/cs2/cs2-integer-error-c. 

 
Input Data Validation: 

Several input data related vulnerabilities are not uncovered unless the program is tested 
thoroughly with multiple test scenarios. This particular point is emphasized in our course right 
from the beginning of writing C/C++ programs involving interactive input. The C++ program in 
Fig. 3, adapted from [3], allows the users to find course letter grades after entering a test score 
value. It is a simple program using nested if-else loop and was discussed while covering Section 
4.3 of [1]. It works properly for all integer test score values. However, due to a lack of input data 
range check, the program will allow the user to enter invalid negative test scores or test scores 
over 100. 
 
A fix to the program can be done by incorporating an “if-else” selection structure similar to what 
was done in Fig. 2. This will abort the program when erroneous data is entered by the user. 
Instead, we discussed a fix involving a “while” loop structure that allows the user to re-enter the 
correct data without aborting the program. Such a fix could be introduced after students had 
mastered loop structures in Section 5.2 of the text [1]. The program with input data validation 
(data range check) and interactive input is included in Fig. 4. 
 
Additional input data validation technique outlined in Section 9.2 of the text [1] also was covered 
in detail. In this treatment, the user input data is always captured as a string literal. This string is 
analyzed to ascertain its nature (such as integer) prior to converting it to an integer and using it in 
the rest of the program. Invalid user input is corrected using a looping mechanism. Still the data 
range check is necessary to ascertain that the entered data is valid. 
 
Buffer Overflow: 

A buffer overflow is possible when the length of some input data (usually some input string or 
integer) is not correctly checked, before it is copied to some buffer on the stack. If the target 
buffer is smaller than the input data, the bytes on the stack above the target buffer get 
overwritten. Students were told about this problem after they had mastered the concepts of arrays 
as described in Chapter 7 of the text [1]. 
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An easy mechanism of causing inadvertent buffer overflow is shown in Fig. 5. This program 
adapted from [4], shows an inadvertent mistake in using the “for” loop structure to populate the 
“buffer[]” array. The “for” loop runs through 100 times as specified by incrementing the loop 
counter “i”. The next assignment statement tries to assign the value of NULL to the array 
element “buffer[100]” which was does not have any compiler pre-allocated space. So the 
program does compile and build, but rightly aborts with runtime exception as shown in Fig. 5. 

A second example is shown in Fig. 6.This example is adapted from [3]. In here the “for” loop 
structure populates the “buffer[]” array beyond its allocated space of 10 integer values resulting 
in buffer overflow. The code compiles and fails with runtime exception. The data saved in the 
buffer seem to be not corrupted, but this result is compiler dependent. In any case, the program 
aborts and is vulnerable from the point of view of “buffer overflow” attacks. The fix to the code 
is simple, keep the array dimension and loop count maximum to the same value. This can be 
readily done by following simple modifications shown in Fig. 7. 
 

File I/O: 

Opening a file for data read or write operation is quite common in programming. Chapter 8 in [1] 
covers the topics of I/O Streams and Data Files. Students learned how to use input and output 
stream functions and open files for input output operations. For secure coding, after a file has 
been opened, it should only be accessed via its file handle or file descriptor whenever possible.  
Time and again, we emphasized students to close an opened file as soon as it is no longer needed 
for data I/O. We mentioned certain types of attacks known as “Time−of− check, time−of−use” 
(TOCTOU) can be avoided by being meticulous about file open and close operations. 
 
String Processing: 
Several string and character manipulation functions are offered through standard libraries and 
class libraries in C and C++ programming. ANSI C <string.h> library [5] includes a set of 
functions such as “char *strcat”, “int strcmp”, “char *strcpy”, etc. which are known have 
vulnerabilities. These functions could lead to buffer overflows and can potentially lead to 
devastating Denial of Service (DoS) attacks. Students were told never to use these functions, 
instead, they should use similar overall functionality functions: “char *strncat”, “int strncmp”, 
“char *strncpy”, etc. These functions limit operations between strings of a specified length and 
avoid “buffer overflow attacks.” 
 
We also caution students using the C++ “string” class processing functions like “void insert”, 
“void replace”, etc. since they allow direct memory access and can potentially lead to memory 
corruption. Programmer’s motto always should be “defensive programming” by not going “out 
of bounds” in memory usage. This topic was covered after “string” class and the relevant 
functions were discussed per Section 9.3 of [1]. 

 
Secure Programming Module: 
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This module was introduced after students had gone through the problems of Integer Overflow, 
Input Data Validation, File I/O, and String Processing oriented vulnerabilities. It included simple 
descriptions of Denial of Service (DoS) attacks, Buffer Overflow attacks, and TOCTOU attacks. 
It also introduced a list of safe programming practices to be used by C and C++ programmers. A 
set of C++ specific security measures provided to the students is shown below. 
 

• Declare variables and methods to be private whenever possible. (Principle of Least 
Privilege) 

• Make public access to variables only possible via accessor methods (get/set methods). 
• Immutable objects are objects whose state (value of member variables) cannot be 

changed after construction. It is a good (safe) coding rule to reduce the number of 
modifiable variables as much as possible. 

 
We pointed out additional specific measures taught earlier in this course that can avoid some of 
the cyber attacks. 

 
Conclusion: 

In this paper we have summarized the injection of secure programming concepts into an 
advanced programming course taken by electrical engineering and engineering technology 
majors. The student learning outcome was assessed partially in this first offering through a set of 
practice questions in the final examination. Out of 12 students taking the test, only one student 
obtained a failing score in this segment. This student happened to fail the course as well. The 
average score of the class for this segment of learning outcome was nearly 82%, including the 
grade of the failing student. 
 
In the next offering of the course, a more comprehensive rubric will be developed and used for 
student learning outcome assessment of Secure Programming principles. In future, we plan to 
develop and inject some of the security concepts in the first programming course taken by all 
engineering and engineering technology majors in our university. 
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Figures with Captions 

 

 
 

Figure 1: An example program with potential Integer Overflow. 
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Figure 2: Modified example of Fig. 1 eliminating Integer Overflow. 
 

 
 

Figure 3: An example program without input data validation. 
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Figure 4: Program in Fig. 3 enhanced using data range check and interactive input 
 

 
 

Figure 5: An example of buffer overflow caused by inadvertent programming error. 
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Figure 6: Another example of buffer overflow due to improper array size declaration. 
 

 
 

Figure 7: Fixed buffer overflow example from Fig. 6. 
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Abstract: Teaching electronics in career-oriented two-year programs is a challenge due to the 
practical knowledge that must be taught within a limited amount of time. The challenge stems 
from the balance that must be achieved between theory and practice. There is a huge gap between 
the fundamentals of electronics that we are still teaching in traditional electronics courses and the 
real-world electronics used for building modern devices and gadgets. This survey investigates 
whether it is possible to teach modern electronics for modern industry, particularly in two-year 
programs. In an attempt to find a solution, various sources are investigated in academia, industry, 
and professional societies. The goal is to begin a productive discourse to find a solution to this 
dilemma.  

Key words: Engineering education, Pedagogy 

Introduction 

The electronics course for a career-oriented program in electrical-engineering 
technology is a core part of the entire curriculum. Teaching electronics today, 
however, presents a real challenge. Indeed, on the one side, we need to introduce 
the basis of the subject, starting from diodes, transistors and simplest amplifier 
circuits; on the other hand, modern electronics is based on integrated circuits 
(ICs) whose operation is very far from that of the circuits build from discrete 
components. In fact, the understanding of a system as a whole entity that is 
imperative in practical applications. In short, there is a huge gap between the 
fundamentals of electronics that we are still teaching in traditional electronics 
courses and the real-world electronics used for building modern devices and 
gadgets. This gap continues to increase rapidly because electronics went through 
another technological revolution for the last ten years; the revolution that resulted 
in dramatic improvement of speed, miniaturization, functionality and other 
parameters. This situation raises the question whether it is possible to teach 
modern electronics, particularly in two-year programs. Obviously, it is not the 
concern of our department only; this is a nation-wide problem that many experts 
from industry and academia have realized [1]. 
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Modern electronics and traditional college-teaching approach 

To introduce the subject of our discussion, we refer you to Figures 1, 2 and 3. Consider Figure 1, 
where traditional bipolar junction transistor (BJT), the BJT-based amplifier and integrated-circuit 
(IC) operational amplifier (op-amp) are shown. BJT was the first type of transistors invented in 
1948 at Bell Labs. Teaching an electronic course, we still spend significant portion of the course 
on discussion of the principle of BJT’s operation and BJT-based circuits even though today 
industry virtually doesn’t use them. IC op-amp was one of the first integrated circuits developed 
in the early 60s; it contains tens of transistors and it is still widely used and is part of the 
traditional electronic course. 

In reality, almost most of the modern electronics is based on the other type of transistor called 
field-effect transistor (FET). Figure 2 shows traditional junction FET (JFET) and the newest 
type—FinFET—of FET developed to meet the demand for placing the ever-increasing number 
of transistors in the IC circuits. 

Figure 3 shows the latest development in modern electronics – complementary metal oxide 
semiconductor (CMOS) application-specific integrated circuit (ASIC) designed to perform 
digital signal processing of the optical communications signal in real time. This chip contains 
many millions (!) of FET transistors and performs 12 trillion (!) operations per second. 

This brief review demonstrates the range of the material should be covered in electronic courses 
of the two-year engineering–technology program: We need to start with very basics of 
semiconductors and transistors and finish by introducing the principles of operation of modern 
IC circuits. In our department, we traditionally have an extensive theoretical electronics course 
and independent laboratory course, both being taught at the second semester. The other 3rd-
semester laboratory course entitled Communications Electronics is more specialized, as the title 
says. These three courses, clearly, are not able to cover all the needed material; we see the 
solution on in a careful selection of the topics.   

In search for the criteria for this selection, we investigate the problem from various directions. 
First, we investigated the requirements that the industry set for technicians graduated from a two-
year program. Second direction was the search of the work at other American colleges. Third one 
was examination of activities of our professional societies, such IEEE, ASEE, OSA and SPIE, in 
this area. In this presentation we will share our findings in all these areas. It is our hope that our 
presentation will stimulate the productive discussion and will lead all of us to the solution of the 
problem in question. 

Industry Expectations from the Electrical Engineering Technology Graduates 

This section highlights the knowledge and skills expected from an electrical engineering 
technology graduate in the present job market. We focus mostly on the two-year program; 
however, in some cases these requirements overlap with the four-year program because the 
expectations from the four-year-level graduate are based upon a two-year program. Therefore, a 
comprehensive look into both the two-year and the four-year programs may help us to improve 
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the two-year program and prepare students for the industry as well as for entering the four-year 
program. 

We contacted a number of leading industries to survey their expectations in regards to the 
technology graduates. In most cases, we were directed to consult the company’s career website 
for entry-level positions. Therefore, we researched the career websites of various technology 
companies such as of Agilent, Verizon, Microsoft, Motorola, GE, Con Edison, and Cisco to 
examine the industry expectations from the engineering technology graduates.[2-8] The findings 
are summarized in tabular form (see Table 1) to better understand the core skills expected from 
the technology graduates. The technology curriculum should address these needs so that the 
students are prepared for the rapidly evolving technology field. It is important to note that Table 
1 shows a few of the expected skills from a number of leading industries; they do not reflect 
every aspect of industry expectations. 

The types of skills that are mostly desired by the number of the leading technology employers 
are depicted in Figure 4. As the figure shows, the commonly desired skills throughout the 
industry are circuit analysis, understanding of schematics/drawings, working knowledge of 
electronic components, testing and repair, communication skills, familiarity with computers, etc. 
In some cases, special skills are required.  It is very clear that there are wide varity of issues to be 
addressed in a two-year program. The challenge is how to prioritize them and in what proportion. 

As we see from Table 1 and Figure 4, circuit analysis and knowledge of electronic components 
are still in demand, but importance of this knowledge is not that significant as used to be even 
twenty years ago. The same conclusion was drawn by the authors of similar investigation. [1] 

Are academic institution programs meeting current industry requirements of their 

graduates? 

The business of academia is to create a supply of employees that are of practical use for the 
industries where they will enter. In engineering technology the number of industries is wide and 
the depths of the responsibilities vary. Throughout the last half-century these responsibilities 
have grown and changed to the point where what used to be basic skills are now redundant. Not 
to say that they are no longer needed, but the depth to which they need to be known have 
changed. The change is geared specifically at the need of system-wise, rather than component-
wise, design, analysis, and troubleshooting. With that in mind, a sample of institutions providing 
the two-year degrees in electrical/electronic engineering technology was surveyed. The main 
items that were investigated were the programs’ focus and the approach that they used (bottom-
to-top or top-to-bottom) based on the program schedule and the course descriptions.  (Please note 
that bottom-to-top scheme implies teaching from component up to the system level; hence, top-
to-bottom means the opposite approach.) All the schools that were part of the survey follow the 
bottom-to-top approach; the list of them is given in Table 2. Despite this fact, each program had 
some slight differences from the other. One very common, but not universal, course that was 
offered was typically called ‘Introduction to (Electrical) Engineering Technology’. It appeared in 
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44 % of the schools surveyed. The course description for this class seems to consistently be an 
introduction to what an electrical engineer does, the details of the particular technology program 
in the school, and–in one specific case—the course bore no credit contribution at all. There was 
only one school with a course description that went into the different systems, such as control, 
wireless, power, and computer, that electrical engineering technologists work in.  

The bottom-to-top approach was consistent between all the programs. They began with resistors, 
inductors, capacitors, and then the solid-state components of diodes, BJT, and FET. The 
difference between the programs varies on the amount of time delegated to these courses. In 
some instances it was 1 – 2 semesters and in others 2 – 3 semesters.  

Systems are taught in all of the programs, but that doesn’t come into play until the second or 
even the third semesters when students are introduced to logic circuits, control and/or power 
systems. In addition, the program outlines always follow a very broad approach as given in most 
all of the program descriptions, in the hope that the students will be versatile and adapt to any 
electrical engineering technology field: power, (industrial) control, mechanics/mechatronics, and 
even IC fabrication. Still, only 72% of the schools surveyed had some specialization in those 
areas.  

One university has access to an IC fab that is used for research and they offer an associate-level 
class that introduces students to the field. Others focus specifically on local industries that are in 
the vicinity of the college or university. Another school had specialization courses that focused 
on mechanics within the electrical engineering technology program. One school even had three 
tracks to offer for their AAS EET program, which provides students the option of the area in 
which they wish to gain more expertise.  

It is clear to see that students experience no specialization unless or until they move into four-
year (Bachelor of Technology) programs, the step that is always encouraged in the program 
description. There are exceptions to this rule where some programs offer one specific course in 
either power, IC manufacturing, or computers. In fact, all of the programs have as one of the 
program goals the pursuit to lifelong learning and the programs are designed just so to give 
students the opportunity to transfer their credits to a four-year technology program. 

Despite what appears to be an obvious oversight by the schools in following the ‘old ways’, each 
school that is ABET accredited has an industrial advisory commission that is referred to for 
updating and developing their program. This raises the set of important questions, ‘Is there 
miscommunication between industry and academia? Does academia not really care to follow the 
suggestions that industry provides? Does industry not bother to push academia for the new 
system-wide troubleshooting and design techniques that they need?’  

It’s important to add that none of the professional societies involved in our field—and we refer to 
IEEE, ASEE, OSA and SPIE—demonstrate their concern or activities in transforming the 
electrical engineering-technology programs to meet the current industry demands. The only 
partial exception, to our knowledge, is ASEE where this topic was discussed at 2008 ASEE 
annual conference. [1] Even NSF’s program called Transforming Undergraduate in Science 

143

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



(TUES) did not award for the last two years any project specifically aimed at closing the gap 
between academic and industrial worlds. This observation just adds strength to our questions 
listed above. 

Conclusion 

There is a huge and increasing gap between modern electronics produced by the industry and 
electronics taught at academic institutions. However, there are few distinguished efforts from the 
academia to change the situation. What’s more, it seems that both sides are satisfied with this 
status quo, which leaves our title question unanswered. 
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Tables and Figures:

Figure 1. a) Traditional bipolar junction transistor (BJT), b) BJT-based amplifier circuit, [10] c) 
integrated circuit (IC) operational amplifier (op-amp).[11] 
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c) 

Figure 2. a) Traditional field-effect transistor (FET), b) basic structures and schematic symbols 
of junction FET,[12] c) the newest FinFET transistor. [13]  

Figure 3. CMOS receiver ASIC with four 23 Gsample/s analog-digital converters (ADCs). [14] 
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Table 1: Summary of core skills expected from a engineering technology graduate 

Knowledge Programming Test Equipments Soft skills PC Skills Hardware 
-Circuit  analysis 
-Networking 
-Electronics 
-Time/Frequency  
-Power system 
-System integration 
-Control circuits 
-RF Links 
-TCP/IP, Ethernet 
-Wireless standards 
-Test, Repair, 
Calibration 
-Schematics 

-C/C++ 
-Java 
-Assembly 
-MATLAB 
-LabView 
-Visual Basic 

-Oscilloscope 
-Multimeter 
-Power Supply 
-Function generator 

Specialized: 
-Spectrum Analyzer 
-BERT 
-DAQ 

-Teamwork 
-Leadership 
-Oral and 
written skills 

-A+ 
-Network+ 
-Unix 
-Windows 
-CAD 
-MS Office 

-Fiber splicing 
-PLC 
Programming 
-Embedded 
system 
-Cabling 
-Routers, 
switches 
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Figure 4: Demand of skills 
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Table 2: List of schools surveyed 

Alfred State College 

Augusta Technical College 

Brigham Young University – Idaho 

Burlington County College 

City University of New York, Bronx Community College 

City University of New York, College of Staten Island 

City University of New York, Queensborough Community College 

Fairmont State University 

Indiana University-Purdue University Fort Wayne 

Kent State University, Tuscarawas Campus 

New York City College of Technology 

Northeastern University 

Northwestern State University of Louisiana 

Pennsylvania State University, Altoona Campus 

Pennsylvania State University, Behrend College 

Pennsylvania State University, Fayette Campus, Commonwealth College 

Pennsylvania State University, Hazleton Campus, Commonwealth College 

Pennsylvania State University, York Campus, Commonwealth College 

Purdue University Calumet 

Purdue University North Central 

State University of New York at Canton 

The Pennsylvania State University, Berks Campus 

The University of Akron - Summit College 

University of Hartford 

Youngstown State University 
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Abstract: The challenge of teaching a population of digital natives in the contemporary

brick and mortar campus requires the use of innovative techniques not only to maintain 

student interest but as an enhancement to the learning process.   The growth of the 

Internet and the ubiquitous nature of students’ access to multimedia materials and the 

wealth of amateur and professional videos on a wide range of manufacturing processes 

make their inclusion in the classroom and lab a logical expansion and necessity.   The 

manufacturing related courses are among the natural candidates for such experiments.  

They often require instructors to attempt to describe processes that the schools 

laboratories lack the equipment to demonstrate.  

This paper reports an on-going effort to investigate whether such an approach yields 

better learning results and the degree and best ways of such inclusion. We believe, and as 

early results support such a notion, that the level and depth of understanding of students 

are significantly improved.  To test such hypothesis, surveys will be conducted to identify 

whether and how it impacted student learning and knowledge retention, identify the 

optimum level of inclusion of such materials, and compare the performance of students 

with previous classes. 

Students are required to search YouTube or other video sources for material related to the 

lecture prior to the class, watch the videos and select and send at least five such video 

links to the instructor. Instructor will also select a number of appropriate videos and post 

it through discussion groups and Facebook.   During the lecture and subsequent class 

discussion of the processes under review, students are expected to add to the transfer of 

knowledge by sharing points and information gleaned from the digital sources and their 

textbook. 

The lecture is supported by a weekly hands-on laboratory.  Students are questioned, in a 

non-test environment, while working on their lab projects about relate theories and 

concepts. 

Introduction 

In an industrial Engineering curriculum, a manufacturing processes course meets three categories 

of students’ employment needs after graduation: (1) Students whose professional career directly 

involves manufacturing: they must have a thorough understanding of the implementation of their 

industries processes, utilization of the machinery, and an understanding of the capabilities and 

limitations in the manufacturing of products;  (2) Students, who indirectly work with the 

processes, need to evaluate the work done and projects undertaken necessitating an 

understanding of the general processes involved;  (3) Students, who may have only occasional 

(direct or indirect) interaction with manufacturing processes, need to understand the services 

required by the first two groups as well as focusing on product generation and development. 
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In order to meet these needs, traditionally structured courses rely on laboratories for hands-on 

experience,  textbooks for structured introduction of concepts and theories, and the lecture for the 

instructor to elaborate and explain the concepts  by using images, transparencies, PowerPoint 

presentations, and discussion. 

Herein is the crux of the problem.  A considerable percentage of the class time has to be spent 

trying to draw a contextual reality for students who may not have the proper framework for 

understanding many of the characteristics of the processes under discussion.  As such, they 

become easily frustrated and lose interest simply because they are not able to grasp the level of 

excitement and creativity involved in these processes.  This in turn limits the ability of the 

instructor to cover the breadth of the processes involved due to time constraints. 

Enhancing Course Delivery 

In an effort to enhance student learning, increase understanding, and expand exposure to large 

number of manufacturing concepts beyond our ability to demonstrate, we have introduced the 

idea of using videos of processes as part of the course requirements.  The inclusion of videos is a 

continuation of the use of multimedia
 [1] [2]

 in our course delivery methods.  The instructor has a 

webpage 
[3]

 including supplemental class materials and the lab instructor has the basic outline of 

the labs on his webpage
 [4] 

(Figures 1and 2). 

Although, the use of videos in classrooms is not a new phenomenon, note the growth of 

YouTube as an academic source 
[5]

.  Our incorporation is a new approach.  In traditional formats 

videos are shown during the class period, with students viewing them often for the first time. In 

our approach videos are not shown during class time, they are assigned to be watched prior to the 

class (Figures 3).  Students are asked to view them in preparation for the class lecture and they 

are discussed during the class which may then involve showing only parts of the videos
 
(Figures 

4). 

 The teaching methodology and delivery of the lecture is changed from defining processes to 

discussing how and why of processes. Students are incentivized to view multiple videos by 

increasing the assessment value of their class participation. These efforts are strengthened by the 

lab work in a coordinated environment between the course and lab instructors. 

The philosophical underpinnings for our lab design focus on a hands-on approach.  The high 

percentages of students in engineering today are not from a tradition of tinkerers.  They have not 

the same history as many of their professors.  Part of the goals for the lab aims at educating 

students hands, (see Figures 5, 6, &7) giving them the feel of tools and the wonderment that tools 

can achieve.  In addition the program has a higher than average percentage of female students 

which may be less exposed to manufacturing work.   Lab work aims to make sure that all 

students’ in small teams are active in the labs regardless of gender.  The sequence of projects 

move from an introduction to hand tools in the making of a nut and bolt from steel stock, to 

casting, to manual machine tools used in milling pocketed designs, through CNC lathe and mill 

programming, culminating in CAD, and then CAM post processing.  There are also multiple 

casting and foundry labs included. 

This methodology helps foster a respect for the skills required to implement design; creating a 

link between the designer and the design, thus enhancing the understanding of design across the 
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curriculum.  Our students need to appreciate what skilled hands can do, what an innovatively 

unique design can achieve in the market place as well as the factory floor.  The inspirational 

aspect of do-it-yourself (DIY) for engineering student can’t be over emphasized.   

Assessment 

To assess whether the new course strategy has had a positive impact on student learning and an 

increase in their interest in manufacturing, a survey was conducted.  This survey 
[6]

 included

instructions and background information for the respondents outlining the reason the survey, and 

how its outcome may impact new course delivery methods.  

Table 1 represents the results of the survey.  The survey was designed to elicit statistics in three 

different areas of concern: 

1. Verification that students were watching the videos and how many.

2. Verification that the videos had an impact.

3. Feedback for either improvement or discontinuing the experiment.

It was structured to primarily investigate if the videos were having an impact and to verify that 

students were viewing the videos since they are not monitored and the activity is outside of class. 

Fortunately, all class members participated in this voluntary survey. 

Analysis of Results 

A total of 80% of the students surveyed reported that they regularly viewed videos with 66% of 

them indicating that they could name at least 10 videos that have looked at since the beginning of 

the semester.  All students agreed that videos have helped them “understand the process better 

and appreciate the complexity of the processes involved”.  None asserted that the textbook was 

adequate, thus supplanting the benefit of the videos.  All recognized the rationale for the 

inclusion of videos in the class. There was almost universal sentiment that the videos should be 

part of the class structure going forward.  However, students were almost evenly split on whether 

to assign specific videos or let each student randomly select their viewing preference which is 

the current structure.  At this point a compromise of the two positions maybe the likely outcome 

for future classes; given the development of a video database which is underway. The database 

will contain between 720 and 1100 URL link submissions.  A listing of best videos per process 

list will be made available to future classes.   

Although the impact of the inclusion of videos in the class structure is judged in our estimation 

to be overwhelmingly positive, students indicated by a margin of 66% they would still like to 

observe processes directly by visiting manufacturing plants.  

There are two additional observations in regards to the responses.   The design of the course 

intentionally and deliberately leaves the choice of which videos to watch to the students.  

However, they are instructed as to how to do an intelligent search to find the most appropriate 

videos. The instructor’s Facebook
 [7]

 (Figure 8) page actually includes many shared videos that

he has selected on various processes as a suggested list of videos to watch. 
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The second observation in relation to weekly visits to manufacturing plants only can be used to 

measure the level of students’ interest in the course as in reality the logistic and time issues 

involved in taking the class to visit manufacturing plants makes it almost impossible. 

Continuing and Future Research 

As the work is an ongoing research, the authors will continue to gather data and student feedback 

throughout the fall 2012 class and will analyze the results for improvement in succeeding 

offerings of the course.  Close to 15 years of data from previous classes will be compared with 

the performance of the current class upon completion. 

Positive student reception to the inclusion of videos prompted the production of in-house videos 

and an expansion of their use into other courses.  This technique offers the opportunity to reduce 

the use of class instruction time for the introduction of software based supplemental tools, 

shifting that learning process outside the classroom. 

These materials have been placed on a YouTube educational channel
 [8]

 which in a two month

period since its inception has had over 3000 hits, mostly by the students in the class.  
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Figure 1.  Lecture Webpage 

 

 
 

Figure 2.  Lab Webpage 

    
Figure 3. Taking notes while viewing video 
 

 
Figure 4.  Instructor and student 

 
Figure 5.  Students working 

in the lab 

 
Figure 6.  Students working 

in the lab 

 
Figure 7.  Students working 

in the lab 
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Table 1. Tabulated Survey Results 

Question 
Strongly 

Agree 
Agree Disagree 

Strongly 

Disagree 
NA 

I regularly watch videos related to the 

class. 
40% 40% 20%   

I can name at least 10 videos I have 

watched in its entirety from the start of 

the semester. 
20% 46% 26%   

I am not sure why I have to watch 

videos, so I usually don’t watch them. 
  40% 53% 6% 

Most of the videos are of the same 

quality and just repeat the same 

information. 
33% 33% 26% 6%  

I have watched the videos but they do 

not help me in understanding the 

course material. 
  46% 40% 6% 

Videos help me understand the process 

better and appreciate the complexity of 

the processes involved. 
33% 66%    

I get confused by the processes 

involved and can’t follow them. 
  80% 13% 6% 

I can get more studying the textbook, 

so I don’t need to watch videos.   73% 20% 6% 

I think videos help and should be 

included in the course. 
26% 60% 6%   

I do not mind the videos being part of 

the course, but the videos need to be 

assigned rather left to the student 

choice. 

6% 46% 46%   

I rather we went to manufacturing 

plants every week, so we could 

actually see the processes ourselves. 
26% 40% 26%   

I think videos help tremendously.  I 

hope we have videos made for our lab 

assignments too. 
 60% 20% 6% 13% 
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Figure 8.  Instructor's Facebook page 
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Figure 8 Instructor's Facebook page 
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Abstract: Technology is universal and omnipresent. It has reshaped the way we function. One of the best ways to 
incorporate technology in the classroom is as a tool to facilitate learning by using it as a visual aid. This is a type of 
teaching and learning style in which ideas, concepts, data and other information are associated with images and 
techniques. In this paper we will discuss some of the tools and present and analyze a number of examples to 
demonstrate how the use of technology in the classroom and visualization can improve Math and Computer Science 
learning.  

Keywords: Visualization, Riemann Sums, CAS, Programming, Database, Networking 

Introduction 

It is without doubt that teaching is undergoing a metamorphosis as technology is ubiquitous in 
every facet of instruction. Technology has led to the emergence of several tools that assist 
students to learn and understand abstract concepts using visualization.  As instructors we use 
technology, with an emphasis on visualization, to allow students to test conjectures and add 
legitimacy to their guesses. Armed with this knowledge, students are motivated to come up with 
theoretical proofs to support their conjectures. Students gain a better understanding of the 
concepts and develop self-confidence in the discipline. According to the Visual Teaching 
Alliance [1], “Approximately 65% of the population are visual learners”, “The brain processes

visual information 60,000 times faster than text”, “Visual aids in the classroom improve learning

by up to 400%”.  

Visualization software emerged in the late 1980’s for the purpose of creating and interactively 
exploring graphical representations of concepts. Many experimental studies designed to 
substantiate the educational effectiveness of such visualization technology [2]. In this paper we 
discuss how Visualization can help students in Math and Computer Science by giving 3 
examples from each department. 

A. Computer Science 

Motivation 

Korhonen and Malmi [3] describe a visualization system that presents novice programmers with 
graphical representations of algorithms which requires them to manipulate these representations 
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in order to simulate the algorithm. Teaching fundamental concepts in a first programming course 
using graphics and visualization in an OO environment, will provide sufficient programming 
experience, with stronger meaningful context for helping students to visualized object oriented 
concepts. 

 
Over the last two decades, researchers have developed and used several visualization tools and 
technologies, such as: LOGO, GROK, KAREL, XTANGO and BALSA, Turing's World and 
JFLAP, TOONTALK, and ALICE. 
 
In this paper we will look at using Visualization in 3 pillars of computer science (which are 3 
primary modules for undergraduates taking courses in Computer Science at CityTech) which are 
as follows: 
 

1. Programming 
2. Databases  
3. Networking 
 

1. Programming 

 
Programming has become the paradigm of choice for software development in industry as well 
as academia. Instructors of introductory programming classes are faced with the challenge of 
helping novice programmers learn to design, build, and debug computer programs [4]. In a large 
class, the challenge is often overwhelming, and teachers find themselves questioning why some 
novice programmers struggled in the process of learning to program. The students face problems 
when they try to put the pieces together, identify what constructs to use and how to coordinate 
those constructs, and determine what went wrong when things do not work [5]. 
 
Interviews and discussions with some of the New York City College of Technology 
department’s faculty, who were or are currently teaching programming courses, revealed many 
problems facing the faculty in teaching concepts of programming. One of the major 
shortcomings of programming environments is the lack of visualization mechanisms [6]. Using 
3D animations for program visualization offers computer science instructors an approach to 
introduce fundamental concepts to novice programmers [7]. 
 

In this example we use a tool called Alice, which is a 3D Interactive Graphics Programming 
Environment built by the Stage 3 Research Group at Carnegie Mellon University under the 
direction of Randy Pausch. A goal of the Alice project is to make it easy for novices to develop 
interesting 3D environments and to explore the new medium of interactive 3D graphics [8]. 
 
Alice provides an environment where students can create virtual worlds on their computers and 
populate them with some really interesting 3D objects in a creative sense, and use/modify these 
objects and write programs to generate animation. By writing simple scripts, students can control 
object appearance and behavior. In fact, it is not necessary to type lines of code at all; by using 
the smart editor students can drag and drop the instructions that make up their programs [9]. 
 
Alice provides several built-in action commands. In general, actions can be subdivided into two 
categories: those that tell an object to perform a motion and those that change the physical nature 
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of an object. Motion commands include moving objects within the world (e.g. Move), rotating 
them about their 3-D axes (e.g. Turn and Roll), and pointing at other objects (e.g. PointAt). 
Commands that change the physical nature of objects include object destruction (Destroy), 
dynamic object creation (e.g., AddObject), object resizing (Resize), and making objects 
visible/invisible (e.g. Hide and Show). 
 
While it is beyond the scope of this paper to discuss all of Alice’s action commands (the 
commands listed above are a subset), we discuss the Turn action to illustrate details. Turning is 
allowed in 4 directions: Forward, Back, Right, and Left. In the Turn command, it is only 
necessary to specify which object is to be turned, the direction it is to be turned, and how much it 
is to be turned. Figure 1 illustrates turning along one of the rotational axes. 
 

 
Figure 1: Turn action in Alice for Helicopter example 

 
Named Instructions: 

It is possible in Alice to name a sequence of instructions. The concept of a named instruction is 
similar to the procedure concept in many other programming languages (or a function that just 
performs side effects, not returning anything). While in traditional programming languages, it 
may not be clear why a group of statements should be blocked into a function/procedure, in 
Alice it makes intuitive sense. By collecting the 10-20 Move and Turn instructions it takes to 
make a bunny hop, and naming this entire sequence of instructions Hop, it becomes clear to the 
student that 

DoInOrder(Hop,Hop ) 

causes the bunny to hop twice as shown in Figure 2. Again, the animation aspect of Alice allows 
the student to immediately visualize the functionality of program constructs. 

 
Figure 2: Bunny hop function  
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Functions: 

Functions in Alice are supported through the underlying Python language. In Alice, functions are 
primarily used in the implementation of recursion/looping, and in the implementation of 
interactions via events. Also, they can be useful in computation. For example, the howmany 

function, illustrated below, calculates how many turns a ball will make based on its diameter and 
the distance it will travel. 

def howmany (dist, diam): 

return dist / (3.14 * diam) 

 

Decisions: 

As with functions, decisions are supported through the underlying Python language.Because of 
the visual feedback in Alice, students are able to see immediately the results of a decision 
statement. For example, in the statement: 

if cat.DistanceTo(Fish) < 1.0: 

DoInOrder( 

cat.Move(Up, 0.5), 

cat.Move(Down, 0.5) ) 

if the distance between the cat and the Fish is less than one unit, the student sees the cat jump up 
and down as. 
 

 
Figure 3: Decision making in programming using animations 

 
While this seems simple enough, it becomes more complex in worlds containing several objects. 
Each object has its own orientation that may or may not be aligned with another object in the 
same scene. As objects move around in the world, their spatial orientation with respect to other 
objects may change. Alice provides good support for aligning the orientation of objects and 
allows an object to be positioned “AsSeenBy” another object within the world, or to be “placed” 
on top of another object. 
 

We believe that Alice provides some real benefits in teaching concepts of problem solving in the 
particular way used in computer programming as well as in teaching the fundamental 
programming constructs. A major benefit is the high level of student interest and involvement. 
The ability to make changes in program code and, within seconds, observe the effect on their 
animation contributed to sustaining that interest. Students were enthusiastic, voluntarily devoting 
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much extra time to projects they considered fun and worthwhile. Based on student evaluations, it 
seems that students developed a justifiable sense of self-confidence in their programming skills. 
 

 
2. Databases 

  
A database is structured collection of data. Thus, card indices, printed catalogues of 
archaeological artifacts and telephone directories are all examples of databases. Databases may 
be stored on a computer and examined using a program. These programs are often called 
`databases', but more strictly are database management systems (DMS). Just as a card index or 
catalogue has to be constructed carefully in order to be useful, so must a database on a computer. 
Similarly, just as there are many ways that a printed catalogue can be organized, there are many 
ways, or models, by which a computerized database may be organized.   

Almost all computer science undergraduate programs require the students to take database 
courses. We have noticed that students mostly face difficulties when designing databases. We 
have seen that this problem can be solved when the students are given the opportunity to 
visualize the database that they are going to design. In this paper we talk about one such 
Visualization tool called Tableau. 

Tableau Software is a database tool that provides design of databases, visual analysis and 
reporting. Although there are several tools available to help users efficiently and easily create 
pivot tables or cross-tabulations, Tableau allows you to take it one step further: visualize the 
cross-tabulations in real time. With Tableau, you can drill-down database tables, visually. 

Tableau's products allow students to plow through large dimensional databases quickly. As we 
discovered, it quickly generates graphs even against large database tables. By giving an analyst 
the ability to spot trends and relationships visually, information buried in the data becomes more 
readily available. 

Tableau's products came out of R&D projects of Stanford University professor Pat Hanrahan. 
Hanrahan was a founding employee of Pixar and was the chief architect of RenderMan--a 
graphics protocol widely used in the film industry. Led by Hanrahan and Chris Stolte, the 
technologists at Tableau developed VizQLTM (Visual Query Language), a declarative language 
that allows a user to interact with a database and get graphical/visual results.  

Once you connect to a data source, Tableau automatically divides the fields of your data source 
into dimensions or measures. In our example, we connected to a MySQL table consisting of 
some fake weekly book sales data, and joined to another table (using the ISBN), which contained 
attributes of a book: the programming language, DBMS, operating system, and where it lies in a 
product hierarchy (two database fields representing the two levels in a hierarchy). 

In Tableau, you perform analysis by dragging fields into "shelves," which are places in the user 
interface where the fields being used are displayed. We found this paradigm to be very intuitive 
and quickly adopted to this mode of analysis. Cross-tabs and pivot tables are easy to generate in 
Tableau. In our example involving the join between two tables, we found that Tableau generated 
such tables quickly (see Figure 3). 
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Figure 3: Tableau showing a pivot table 

Cross-tabs and pivot tables are interesting, but it is frequently difficult to discern patterns when 
staring at numerical information. Processing large quantities of information in graphical form is 
easier. Tableau allows you to start analyzing the same information visually, and it generates 
graphs as quickly as it generates tables (see Figure 4). 

 

Figure 4. Tableau showing graphs for comparison 
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Animation also allows you to process large dimensions in an efficient manner. Setting up an 
animation takes only two mouse-clicks. You can also take advantage of a new feature called 
dynamic calculations. In our example, we quickly plotted the year-over-year percentage growth 
by category, thus allowing us to compare categories using the same scale. Note that Tableau 
allows you to do these dynamic calculations in a few steps; you don't have to perform these 
complex calculations in advance in your database (see Figure 5). 
 

 
Figure 5. Setting up an animation in Tableau 

 

We have seen that using Tableau at school helps students visualize and understand database 
systems better than traditional approaches. It takes minutes to install, is easy to learn, and 
definitely fills a need. The animation feature is well suited for viewing large categories and time-
series data. 
 

3. Networking 

 

A network is any collection of independent computers that communicate with one another over a 

shared medium. A computer network is a collection of two or more connected computers. When 
these computers are joined in a network, people can share files and peripherals such as modems, 
printers, tape backup drives, or CD-ROM drives.  
 
As Networking is closely related to Graphs, it is best for students to understand concepts in 
networking by visualizing the concepts. Students struggle to understand the concept of 
networking just from text. A graph representing the information about the relations among nodes 
can be a very efficient way of describing a social structure. A good drawing of a graph can 
immediately suggest some of the most important features of overall network structure. Are all 
the nodes connected? Are there many or few ties among the actors? Are there sub-groups or local 
"clusters" of actors that are tied to one another, but not to other groups? Are there some actors 
with many ties, and some with few? 
 
In this paper, we will look at some commonly used techniques for visualizing networks using 
NetDraw (version 4.14, which is distributed along with UCINET). Using colors and shapes are 
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useful ways of conveying information about what "type" of actor each node is. Figures 6 and 7 
provide examples. The data here describe the exchange of information among ten organizations 
that were involved in the local political economy of social welfare services in a Midwestern city 
(from a study by David Knoke; the data are one of the data sets distributed with UCINET). In 
Figure 6, NetDraw has been used to render a directed graph of the data. This is done by opening 
Netdraw>File>Open>UCInet dataset>Network, and locating the data file. NetDraw produces a 
basic graph that you can then edit. 
 

 
Figure 6: Knoke Information exchange network 

 
Institutional theory might suggest that information exchange among organizations of the same 
"type" would be more common than information exchange between organizations of different 
types. Some of the organizations here are governmental (Welfare, Coun, Educ, Mayor, Indu), 
some are non-governmental (UWay, News, WRO, Comm, West).  
 
In Netdraw, we used the Transform>mode attribute editor to assign a score of "1" to each node 
if it was governmental, and "0" if it was not. We then used Properties>nodes>color>attribute-

based to select the government attribute, and assign the color red to government organizations, 
and blue to non-government organizations. You could also create an attribute data file in 
UCINET using the same nodes as the network data file, and creating one or more columns of 
attributes. NetDraw>File>Open>UCInet dataset>Attribute data can then be used to open the 
attributes, along with the network, in NetDraw.  
 
In Netdraw, we used the Transform>mode attribute editor to create a new column to hold 
information about whether each organization was a "generalist" or a "specialist." We assigned 
the score of "1" to "generalists" (e.g. the Newspaper, Mayor) and a score of "0" to "specialists 
(e.g. the Welfare Rights Organization). We then used Properties>nodes>shape>attribute-based 
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to assign the shape "square" to generalists and "circle" to specialists. The result of these 
operations is shown in figure 7. 
 

 
Figure 7: Knoke information exchange with government/non-government and specialist/generalist 

codes  

A visual inspection of the diagram with the two attributes highlighted by node color and shape is 
much more informative about the hypotheses of differential rates of connection among red/blue 
and among circle/square. It doesn't look like this diagram is very supportive of either of our 
hypotheses.  
 
Identifying types of nodes according to their attributes can be useful to point out characteristics 
of actors that are based on their position in the graph. Consider the example in the next figure 8. 
 

 
Figure 8: Knoke information exchange with k-cores  
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This figure was created by using the Analysis>K-core tool that is built into NetDraw. A K-core 
is a set of nodes that are more closely connected to one another than they are to nodes in other K-
cores. That is, a K-core is one definition of a "group" or "sub-structure" in a graph.  
 
Figure 8 shows four sub-groups, which are colored to identify which nodes are members of 
which group (the "West" group and the "WRO" group each contain only a single node). In 
addition, the size of the nodes in each K-core are proportional to the size of the K-core. The 
largest group contains government members (Mayor, County Government, Board of Education), 
as well as the main public (Welfare) and private (United Way) welfare agencies. A second 
group, colored in black, groups together the newspaper, chamber of commerce, and industrial 
development agency.  
 

NetDraw is also very helpful for dealing with the complexity of social network data, which may 
involve many actors, many ties, and several types of ties. Hiding, highlighting, and locating parts 
of the data can be a big help in making sense of the data Finally, working with drawings can be a 
lot of fun, and a bit of an outlet for the creative side. A really good graphic can also be far more 
effective in sharing your insights than any number of words.  
 

B. Mathematics 

 
Motivation 
 
Computer Algebra Systems (CAS) are powerful tools that facilitate instruction in the classroom. 
In this paper, we are using Maple software. The examples presented here can easily be adapted 
with Matlab, or Mathematica for example. Graphing and animating two and three dimensional 
figures bring to life concepts such as continuity, areas under curves, volumes and surface areas 
of various objects, and direction fields [10]. Graphs, especially in three dimensions, are not very 
easy to draw by hand. Students can graph such functions using a CAS and rotate them to get 
different facets of these objects.  

 
1.  Definite Integrals for functions of one variable 

 
The definite integral of a nonnegative function (of one variable) over a closed interval is defined 
as the area bounded by the curve, the x-axis and the end points. The area can be obtained by 
constructing rectangles and finding the area of these rectangles (Riemann Sums) [11]. Students 
are able to see what happens as the number of rectangles increases. This concept can be extended 
for functions that are not necessarily nonnegative. In practice, students will use the Fundamental 
Theorem of Calculus and basic rules of integration to find the values of definite integrals when it 
is possible. We will illustrate using the midpoint Riemann sum how to calculate definite integrals 
[11]. 
  

Consider the function  
2 xf x e . We will first define and sketch the graph of this function  

using Maple commands. 
2

: e  xf x  
2

e xx  
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  , 0. .1plot f x x  

 
We will use Maple to evaluate the integral. 

 
1

0
f x dx  

 
1 erf 1
2

  

The evalf command is now used to obtain a decimal approximation of the integral above. The % 
symbol refers to the previous output 

 %evalf  
0.7468241330  

So an approximate value of the integral is 0.7468241330. We will now show how to use Maple 
to generate a visual image of a midpoint Riemann sum approximation of the definite integral

21

0

xe dx

 . Next we will generate visual representations of the midpoint Riemann sum 

approximations using 15 equally spaced rectangles. Note that the height of the rectangle is the 
value of the function at the midpoint of the rectangle.  

  , 0..1, , , 15   ApproximateInt f x x method midpoint output plo t partition  
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We now use the animation command to show what happens when the number of rectangles is 
increased. The animation can easily be implemented in any CAS.  The graphs below show three 
screen shots of the output when the animation option is used. We are using randomly spaced 
rectangles here. 

  , 0..1, , ,  ApproximateInt f x x method midpoint output animation  

          7, i terations refinement random  

            

 
 
Next, we will estimate this integral by using the limit of midpoint Riemann sums. 

  : , 0..1, ,    M n ApproximateInt f x x method midpoint partiti on n  

  : 1: , 0..1, ,     n Student Calculus ApproximateInt f x x method midpoint partition n

 lim
n

M n  

 
1 erf 1
2

  

 %evalf  
0.7468241330  
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It follows that the approximate value of the integral using midpoint Riemann sums is 
0.7468241330. 
 
Using this feature we not only evaluate an integral that a student in an Integral Calculus class 
cannot easily integrate but also visualize that integral as the area under the curve 

2 xy e , above 
the x-axis and between x = 0, and x = 1. 
 
2.  Definite Integrals for functions of two variables 

 
The definite integral of a nonnegative function (of two variables) over a closed rectangle is 
defined as the volume bounded by the surface, the xy-plane and the end points of the rectangle. 
The volume can be obtained by constructing rectangular blocks and finding the volume of these 
blocks (Riemann Sums) [11]. Students are able to see what happens as the number of blocks 
increases. This concept can be extended for functions that are not necessarily nonnegative. We 
will illustrate using the midpoint Riemann sum how to calculate definite double integrals [11]. 
  

Consider the function   2 2,f x y x y  . As in the previous example, we will first define and 
sketch the graph of this function  using Maple commands. 

  2 2: ,  f x y x y  

  2 2,  x y x y  

  3 , , 1..9, 1..9,  plot d f x y x y axes box  

 
Now we will write Maple code to generate an animation of midpoint Riemann sum 

approximations of the double integral  
9 9 2 2

1 1
x y dxdy   to generate visual representations of 

the midpoint Riemann sum approximations. In order to do so we need to activate the 
  with Student MultivariateCalculus  library. 
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   :with Student MultivariateCalculus  

  , , 1..9, 1..9, , ,   ApproximateInt f x y x y method midpoint output p lot  

              8,8 , ,   partition axes box prismoptions color grey  

 
  , , 1..9, 1..9, , ,   ApproximateInt f x y x y method midpoint output animation

   15..20, 8,8 , ,    frames partition axes box prismoptions color grey  

   
 
The images are obtained using different frames and Rotation plot option of Maple. Note that we 
have used regular sized rectangular blocs. Next, we will use the Maple command below to find 
an approximate value of the integral 

  , , 1..9, 1..9, , [8,8]   ApproximateInt f x y x y method midpoint partiti on

3872.000000  
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Hence, an approximate value of the integral  
9 9 2 2

1 1
x y dxdy  is 3872.000000 . Next we will 

find the value of the integral. 
 
We recall that by definition 

   
9 9 2 2

1 1
1 1

9 1 9 1lim lim ,
n m

n m
j i

x y dxdy f xibar yjbar
m n 

 

    
     

   
   

where   9 1 0.5
1

 
 

i
xibar

m
 and   9 1 0.5

1
 

 
j

yjbar
n

. We will now evaluate the 

limit using Maple.  
     9 1 0.5 9 1 0.5

: ' ' : : ' ' : 1 : : 1 :
   

     
i j

m m n n xibar yjbar
m n

 

 
1 1

9 1 9 1lim lim ,
 

 

    
   

   


n m

n m
j i

f xibar yjbar
m n

 

3882.666666  

Therefore  
9 9 2 2

1 1
x y dxdy   = 3882.666666  

To find the value of  
9 9 2 2

1 1
x y dxdy   using the Maple command int to evaluate integrals 

    , , 1. .9, 1..9 int f x y x y  
11648

3
 

 %evalf  
3882.666667  

 
Thus, as it was expected the output of the Maple command int gives the same number as using 
the limits of midpoint Riemann sums. 
 
Notice that students can use the images generated by Maple to understand why the integral 

 
9 9 2 2

1 1
x y dxdy   depicts the volume under the surface  ,f x y  over the square    1,9 1,9  is 

also a volume. 
 

3.  Bizarre Functions 
 

In a calculus class, students are introduced to the concept of continuity. They learn how to graph 
functions by hand and with a graphing calculator. They understand how to recognize points of 
discontinuity (if any) on graphs as the holes, breaks or jumps. Most of the time, students will be 
able to achieve this task. But there are “exotic functions” [12] which do not fit the traditional 
mold and could present a challenge to the students. We will give an example of such a function. 
We will describe a function that is continuous at each irrational number in the interval  0,1 and 
discontinuous at each rational number in  0,1 . 
Consider the function: 
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1 if is rational in lowest terms.

0 if is irrational

n
x

f x m m

x




 



 

Of course it would be impossible to sketch the graph of the function f  by hand. On the other 
hand, using Maple, students can have a very good image of the graph of this bizarre function. 
Below are the Maple code and a Maple representation of the function f  using special sequences. 
 

  :with plots  

for m  from 1  to 1500  do 1: , , 1..n
r seq n m

nm
denom

m

  
  
   

   
      

end do: 

  : , :p plot r style point   

 display p  

 
 

  
We will now prove the claim that the function f  is continuous at each irrational number in the 
interval  0,1 and discontinuous at each rational number in  0,1 . 

(a) We will first show that  f x is discontinuous at all rational numbers in the interval  0,1   

 Let 0x  be a rational number in the interval  0,1 . Let 
1n n

x



 be a sequence of 

 irrational numbers that converges to 0x  then   0nf x   for all n , which means that 
  lim 0n

n
f x


 . It is however clear that  0 0f x   since 0x  is rational and  therefore 
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    0nf x f x  which implies that  f x  is discontinuous at 0x  and more to the point it 
 is discontinuous at all rational numbers in the interval  0,1 . 

(b) We will now establish that  f x  is continuous at all irrationals. Let 1x be an irrational 

number in the interval  0,1 . For any 0  , there is a k  such that 1
k

  

 (Archimedean property). Since there are only a finite number of rationals in  0,1  
 with denominator smaller than k , we can find a real number 0   such that all the 
 (reduced) rationals in the interval  1 1,x x    have a denominator k . It then follows 

 that if x  is in  0,1 and 1x x    then    1
1

f x f x
k

   . This implies that f  is 

 continuous at the irrational number 1x  and in fact at every irrational number in the 
 interval  0,1 . 
From the above example students get a graphical view of an abstract function and are able to 
make valid conclusions on its continuity by visualization. 
 
Conclusion 

 

Technology provides tools that can enhance teaching but does not give all the answers and must 
be used carefully. In particular, technology has built-in limitations; it can also be a distraction if 
it is difficult to learn or involves extensive time commitment. Currently classes are given 
extended lab time to facilitate the learning of technology. In addition, the technology used by 
most colleges has a shallow learning curve and is constantly improving. The examples presented 
in our paper demonstrate the power of some of the technological tools we have used to facilitate 
student learning. Based on our experiences, we find that visualization in one, two, and three 
dimensions, both from a mathematical and programming perspective, plays a critical role in 
enhancing students understanding and their abilities to produce better quality work. This also 
equips students with the requisite tools to function well in industry. 
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Abstract: Networking has been a popular Information Technology (IT) field for 
decades. Currently different types of networks, primarily Intranets, are implemented by both 
industry and academia. There is a growing necessity for colleges and universities to 
provide effective network administration (NA) curriculum and practice to meet the myriad of 
emerging industrial demands, especially in a cloud environment. However, most curriculums 
related to network administration for IT degrees are unable to provide state-of-the-art 
network administration concepts, content and practices. We address curriculum deficiencies, 
with new depth by proposing a methodology that creates the best practices to improve teaching 
and learning of network administration. 
Introduction 

The Industrial Revolution perpetually moves forward leaving the old ways: methods and 
technologies to stagnate before finally becoming irrelevant. The same stagnation is being felt in 
the education of Information Technology (IT) area, such as Network Administration field. Its 
greatest dramatic change has been with the advent of the “cloud computing” that is spurred by the 
new generations of phones and other mobile devices. Presently the management of IT 
departments has been compromised by the deficiency of experts who can adapt with the 
complexity of the changing technologies. Without the proper delivery of training using current 
NA technologies, many graduates will inefficiently adapt to the rigors of work and change. These 
students in NA field lack the skills or resources needed for additional training and never gain the 
self-efficacy required for job performance. In addition, they are unable to find the time, money or 
resources to learn the technologies demanded by emerging industry. In reality, this is due to a lack 
of effective NA education methodology which can be solved by applying an elastic system with 
the best practices of: educational curriculum support, network technology, engineering and 
management, which can make the NA curriculum effectively adapt to the drastic changes of 
industry requirements. Consequently, college education in NA needs to adapt and promote viable 
curriculum innovation in order to improve the efficacy and preparedness of the next generation 
network administrators. 

Arvid Friberg
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The students and faculty in NA field must be trained in carefully designed programs that consider 
constantly shifting demands brought by cloud computing and other emerging technologies. These 
advanced skill sets demanded by industry are required before the student’s graduation. To gain 
effectiveness, students need to work at projects consistent and coherent with present technology. 
Any breakdown in this system will trigger dissatisfaction with studies, additional failure of the 
educational system, and the loss of personnel efficacy. Eventually, it will result in an 
unquenchable demand for IT experts in the workforce. 

The urgency to create relevant NA program design is indicative of a lack of collaboration between 
industry and academy. A collaboration that concurrently sets goals through an optimized feedback 
system that openly voices industrial and educational venue concerns. To be concise, NA students 
need to build self and organizational efficacy through project responsibility. Student learning 
experience will improve when students are able to experiment with relevant technologies in an 
environment where failure is not frowned, but nurtured and expected as part of the learning 
process. For the system to succeed the NA program, it must introduce emerging technologies 
which can be applied directly to their respective industries. 

A satisfying but incomplete NA training approach requires a minimum of technologies and 
methodologies including: 

• Project based learning that reinforces NA knowledge
• Use of NA simulation tools
• A learning outcome model based approach
• Designing of competitive and collaborative learning systems
• Hybrid content delivery  using both hands-on and online strategies
• Design oriented curriculum that improves students’ efficacy – reducing fear and raising

the chances for success when working on the design and completion of future projects
• Using online platforms to effectively deliver hands on NA lab experience
• Delivering a curriculum immersed in both current and emerging technology that is

readily amenable to change

Our goal is to develop an effective NA curriculum design that ensures proactive delivery of the 
best curriculum by using the best practices as documented by the systems gathering “lessons 
learned”. After researching many curriculum designs, we decided on adaptable but technology 
specific method which can be applied to any NA curriculum. For curriculum content, we propose 
current topics while establishing a mechanism that constantly questions the efficacy of the 
delivery. We propose strategies that include hybrid teaching and fully online based methodologies. 
To cultivate the delivery of labs and projects we propose online tools and web-based lab methods. 
We also aspire to incorporate best industrial experience, practices and “lessons learned”. Effective 
methods of documentation will help nurture new concepts and increase training efficacy which 
will ensure better NA practices into the 21st Century. 
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For clarity, we divide the paper into the following sections: Literature review, Curriculum design, 
Best Practices, and Lessons Learned, Survey Practices, Survey Results, Conclusion and Future 
Research. 

Literature Review 

Historically MBA programs have depended on project based learning and often through case 
studies published by both Harvard University and Yale University. More recently Electronics 
Engineering programs have espoused similar project based learning. The findings show that the 
best educational methods force students to cooperate using their knowledge of interdisciplinary 
subjects to solve problems within an environment using “incomplete or imprecise information”[1]. 
For decades the instruction of Engineering and other disciplines have used “Capstone”, where 
final projects are used to reinforce skills and foster design[2]. Since 1990 the National 
Information Assurance Education and Training Partnership Program (NEITP) has been 
responsible for information assurance, awareness and training. They issue the IT education 
guidelines for NA educators. NEITP guides education institutes through the National Centers of 
Academic Excellence in Information Assurance Education and sponsors the National Colloquium 
for Information Systems Security Education and the “National Information Assurance Training 
and Education Center”. 

In 2008 “The Joint Task Force on Computing Criteria”[5] composed of the Special Interest Group 
on Information Technology Education (SIGITE), The Association of Computing Machinery 
(ACM), and the Institute of Electronic and Electrical Engineers(IEEE) completed its study that 
sets recommendations for Bachelor Programs in IT education. ACM’s recent guidance on IT 
curriculum design[6], did not include the design of NA curriculum. 

Additional and extensive research in the development of educational programs concerning NA 
security found that the systems required for training were comparatively lacking[3]. These results 
demonstrate that students were unable to meet industry and governmental standards for 
performance. 

Previous to NEITP, a study by Auburn University Engineers documented a multidisciplinary 
approach[4] to teaching Electronics Engineering (EE) of which many skills and methodologies 
are required by NA educators. The substantial documentation of project requirements seemingly 
specific to engineering we found to be easily adapted and compatible to NA educational programs. 
A system that works pluralistically with engineering programs may be the new norm. 

Using a similar methodology, a multidisciplinary learning approach was further substantiated in a 
2006 Technical University of Madrid study showing that students were not only happier with their 
study but were better able to complete tasks and retain information. Teachers were better able to 
offer help and gained more free time for critical duties. The project based learning strategy posed 
real problems that taught students to deal with imprecise information, definite management 
objectives and learn cooperation when dealing with interdisciplinary issues[4]. 
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Coursework in software engineering, closely tied with NA, was evaluated at Taiwan’s National 
Chiao Tung University. Students delved into the booting of operating systems and memory 
allocation for virtualization. By using a virtualized 386 processor students were able to build 
systems, create interrupts to utilize memory and build drivers for peripheral hardware. These same 
technologies are the core of IT field and closely related to NA[7]. 

Through cooperation between the Universities in Belgium, Slovenia, Spain, Finland and Portugal 
students were able to institute a globalized program using current technology to integrate different 
networks functionally. The knowledge delivered not only encompassed NA but multimedia, 
computer science, telecommunications and engineering. The required competencies of system 
management, mobile wireless technologies, infrastructure, on demand media, security and storage 
were further developed in an operational program. Affiliations with industry, faculty and students 
gave feedback on the efficacy of the educational program[8]. 

As early as 2000 a network simulation tool (COMNET III) allowed students to arrange network 
building blocks through the use of a GUI to teach the OSI/ISO Networking Reference Model 
Layers: Data Link, Network, and transport. Subjects included WAN LAN packet switching, frame 
relay on Ethernet, and Token ring.  At the time this simulated teaching method was very 
successful and cost conscious[9]. More recently, similar teaching methods have been used 
predominately for the study of NA in vendor supplied training such as Cisco. The training 
delivered in modules is very expensive for either individuals or corporation. 

Constructivist methodology of student centered education was studied in Hebei University and 
North China Electric Power University. Both amended the idea that student based learning was 
superior[10]. One approach to use a simple on-line computer interface that could teach the very 
different NA technologies[11] is proposed in the First International Workshop on Education 
Technology of Computer Science 2009. A study at the 2009 International Forum on Information 
Technology and Applications further suggests that teachers are the key to improving education 
but are too encumbered to attend courses that should be mandatory and required for improving 
their content delivery to students[12]. 

A 2007 National Science Foundation Study attempted to assure educators that the greatest 
problem facing industry is the procurement of IT professionals[13].  Other studies pointed directly 
to the lack of female participation in IT related training [14] [25]. Armstrong Atlantic University 
tried to revitalize its NA system by merging the technologies of Windows Server with that of 
Cisco Routing. They were successful in attracting freshman interest in the NA curriculum but did 
not consider the female contingent[15]. Applying actual technology was proposed in a study 
starting from 2005 that required an internship. The internship in turn, generated more demand for 
interns[16]. Not long after a study of graduate students assessed courses of Internship and the 
evaluation of using group projects for learning. The graduate survey response shows that “group 
projects, blending programming and theory, and hands-on lab activities is the as most helpful” 
[17]. 
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While feedback on educational programs has been sparse to nil the government has established 
crowd sourcing as a means to gain citizen participation[18]. Our NA programs would benefit 
from such crowd sourcing endeavors as part of surveying and feedback. Crowd sourcing for NA 
feedback seems even more urgent when we consider the hiring preferences of IT personnel with 
certifications. The reasons for such behavior are not fully understood considering that such 
certifications do not necessarily mean the employee will do a better job[19]. Feedback is 
imperative concerning certification evaluation and should be considered even more urgent. 
Last on our literature review is the use of VMware and other systems to allow students to develop 
their own virtual networks and successfully work in them. A graduate study follow-up showed the 
efficacy of such a program[20][22]. A model based approach[21] was successfully implemented 
for engineering students who were given open lab time to finish their projects rather than using a 
rigid lab environment. Such teaching methods along with hybrid course and the group/people 
centered education[23-24] are increasingly being required by industry and demanded by students. 

NETWORK ADMINISTRATION CURRICULUM DESIGN 

While many different methods have been adapted to improve the teaching effectiveness of NA 
curriculum, one of the most significant deficiencies of all these systems/teaching models 
including the studies by the ACM and IEEE appears to be the lack of effective feedback. The 
feedback channels lack the focus that should be garnered with a more local and flexible system 
that includes universities, faculty, and most importantly the students and industry that educational 
systems are meant to serve. 

Further, based on the study of existing work on NA curriculum, we found that none alone 
effectively delivered the outcomes needed to dynamically fit industrial needs. However, schools 
required graduate students to equip with current IT networking skills and conversant knowledge 
of NA to enable successful transition and integration into the work force. To combat lost efficacy 
in NA training programs, our NA curriculum design embeds a feedback system of pertinent and 
updated surveys for program improvement. Other channels of feedback are inherently 
incorporated with the promotion of open communications fostered by the survey system. 

Overall, the design for effective NA curriculums depends on: 

1) adaptability to industrial needs;
2) maintaining the existing effective components;
3) using effective teaching strategies from related subjects;
4) mechanisms that ensure relevant feedback and improve the efficacy of the curriculum.

Based on these criteria, we provide complete solutions for the design of a network administration 
curriculum, which can be expanded into practice. 

1.Open surveys and gathering live feedback 
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Network administrative programs need a flexible system to maintain discernible objectives. Using 
a system of constant feedback through the use of formal surveys along with documented informal 
meetings between students, industry, graduates and faculty. 

Preliminary surveys are focused to discern industry needs. Local and remote industry involvement 
will create a vestment that lends to the students professional development. Perpetual student and 
faculty surveys, started with school application and completed quarterly are analyzed and 
compared with industries survey results. As the feedback system is created and maintained 
openness and request for comments will maintain an open forum and help maintain 
communications. 

Gathering online statistics and understanding federal investment through the use of the Federal IT 
dashboard will help us recognize trends in technology demands and IT focus. For system 
effectiveness, general surveys will be open, random, pertinent and online. Open forums will 
gather comments which can be discussed or analyzed at any time. 

Idea generation and feedback should be done in a way which can enhance the project design. 
After gathering all the feedbacks, the design of NA curriculum adapts the technology changing 
and reflectively embeds into teaching. 

2.Active, flexible and basic online NA training 

A simple training system will reinforce the technical basics of NA. The system will cover basic 
TCP/IP, naming conventions, backup, theory, DNS, topologies, basic user admin, rights 
management and databases. This system will allow self-study that frees faculty evaluation time. 
Ultimately it will guide educators to target the student’s problem areas. 

The online training system should fully utilize the existing training tools, such as Blackboard, 
WebCT and Wimba et.al. These types of systems also provide effective strategies to organize 
discussion and team activities. Other tools such as Skype and Facebook should be integrated to 
make it easier for students, faculty and industry to collaborate. 

3. Intermediate level training using programs that emulate NA software and hardware

Traditionally, NA training provided students with network environments which meant purchasing 
costly hardware and software to build physical labs. Concurrently, the developing trend is to use 
online emulation software and hardware to reduce costs and increase teaching efficiency. The 
flexibility of an NA emulator allows students to practice in varying network topologies in a 
myriad of scenarios. Students are given the ability to arbitrarily customize the network 
configuration; chose the selections of users and groups; deploy hardware; set up virtual spaces 
and virtually imitate other environmental and connectivity issues. These flexible emulations are 
easily updated to meet industries’ technical requirements and software purveyor changes [19]. 
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4.Corroborative and multidisciplinary projects 

A comprehensive “Capstone Project” with a cooperating industry(or universities) is required. 
Sophomore students whose interests were previously defined by surveys will be assigned in 
groups with students of similar interests. The groups will be required to complete a specific 
project with a participating industry or if motivated, propose a project that is applicable and 
accepted by the cooperating industry and faculty. The students will not be picked by compatibility 
or affinity as per best management practice. The NA project, depending on complexity, may 
require the involvement of students with various disciplines such as electronics or statistics. 
Students, faculty and business will attempt to complete the project in an agreed upon time. 
Completion of all-encompassing reports will include formal: surveys, evaluations and feedback 
along with individual and group evaluations of goal completion. The rating and evaluation 
process is imperative to the individual student projects and to the NA educational system as well. 
If goals are unattainable the results will be well documented along with the reasons for failure.  

Most projects will require a multiplicity of disciplines such as rights management, data storage, 
system design, system migration and upgrade, security, mashing, performance issues, WAN, 
LAN, router configuration, user training and many more. A project plan will incorporate a 
Program Evaluation and Review Technique (PERT) that will help with time management. Other 
critical project planning may include: 

a) Market research.
b) Needs assessment.
c) Benchmark by comparing with other projects
d) Determine program failure points or weak links and barriers preventing program participation;
Proactively developing strategic incentives to minimize barriers and or eliminate their source; 
Constantly evaluate strategies and objectives 
e)Follow project partnership agreements while using best practices; Be aware of what can and 
cannot be changed 
f) Market the changes needed internally for cooperation, validation, feedback and comfortability;
Insure participation and training if required. Allow the quality assurance sections of PERT to 
work;  Do all required work inspections 

5. Final corroborative feedback and assessments concerning the efficacy of the educational
delivery 

Specifically, from the NA groups projects team evaluations (non individual), the individuals 
involved including faculty, pertinent members of industry and school administration.  

The final cooperative assessment of non competitive projects should be at a level far above the 
student projects which the overall system defines. 
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These assessments need continual refinement so that they can flexibly meet faculty, industry, and 
students group needs. Those assessments, feedback, surveys, other evaluations and reports should 
include the evaluations of group dynamics; the best practices and documentation of Network 
Administration duties; and how the project was conceived, project progress, technical evaluation 
of work, planning, and successfully learned Network Administration duties. Mistakes or project 
design failure needs to be well documented and treated critically so these perceived mistakes and 
failures can be evaluated in the long term. New project data must be correlated with the old 
project results. 

Presentation of surveying practices 

Initially, surveying should search for and include data that is both, widely available (broad and 
specific) to the specific industry segment and also data that is general and encompasses all 
industries. 

Various survey data requires databases that uniquely separates and secures data from industry, 
discipline and or randomness. Data from questions that are software and hardware specific should 
not be stored with non focused data. 

Even focused surveys need to be separated from project focused and industry focused data. 
Random survey data should be kept separately from those where the contact courteously 
completes a survey that includes personal data. Security of some data and openness of others is 
project critical. Some data must be stripped of personal information before it can be used. 

Project specific results should be stored together for future reference by all including the 
graduating students and open for review by other groups or entities for update and critical 
comments. Private evaluations will be secured on a need to know basis if they are required at all. 
An example of this may be failure of group performance due to member illness or a deleterious 
evaluation from a known source. These items will be handled with serious concern for security. 
The use of focus groups along with those NA groups need specialized advice on surveying 
methods. These survey focus group will include the best of management science, social science 
and engineering science. 

While surveying seems very task oriented to some, surveying was designed to work within many 
systems and disciplines to help prevent bad practices, further openness, improve overall 
communication and promote decision making. While some projects are required to be particularly 
task oriented it is essential that the task and grade type orientation does not permeate the project. 
Additionally our projects are carefully designed to enhance the functioning of IT departments. To 
do so would mean becoming overly task oriented and make the programs a disservice to all 
involved. 
Gender based research within IT and particularly in NA has shown that the gender gap is steadily 
growing. This should be increasingly worrisome within our project groups because the issue must 
pertain to a failure of the education and industrial relationship. Some schools have instituted the 
use of a program called Alice to attract and help retain females in the IT fields. Feedback from our 
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project may help determine the efficacy of such software use and determine other packages that 
may help with learning and retention.  Careful survey practices may help to find the root cause of 
the burdensome gender issue among others. 
In general, each NA school group might design different survey and feedback systems based on 
our criteria to collect both academic and industry input. In the following paragraph, we provide an 
example survey which could be easily modified to be used in academics. 

Network Administration (NA) Initial Class Survey 

(circle #) Strongly Disagree = 1  5 = Strongly Agree 

1.Did you effectively learn the core topics of:

Network Fundamentals 1     2    3   4    5 
Building networks  1     2    3   4    5 
Routing Protocols  1     2    3   4    5 
LAN Switching 1     2    3   4    5 
WLAN Management  1     2    3   4    5 
Accessing WAN 1     2    3   4    5 
Peripheral management 1     2    3   4    5 
Server Management  1     2    3   4    5 
Remote Systems Management 1     2    3   4    5 
Network Troubleshooting  1     2    3   4    5 
Unix (Linux) Systems  1     2    3   4    5 
Cloud Management, VMware     1    2    3    4   5 

2. Should (NA curriculum be delivered using Cisco’s approach or MCSE?

CCNA (CCNP) 1     2    3   4    5 
MCSE  1     2    3   4    5 

3. Should NA be taught with an online approach?
1     2    3   4    5 

4.Should training use web-based network hardware and software?
1    2    3   4    5 

5. Should collaboration on project coursework be allowed?
1   2   3   4   5  

6. Should a NA coursework be industry oriented?
1   2   3   4   5  

7. Should Network Administration courses be designed oriented?
1   2   3   4   5  

8. Should coursework be updated at least every year?
1    2     3   4    5 

9. .Rate your agreement on the effectiveness of this survey
1  2    3   4   5 
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SURVEY RESULTS

In this example, we used a survey to collect feedback from Industry and Academy by using the 
survey example in the previous section. The results are in Fig. 1 and Fig. 2.  From Fig. 1, we can 
see that server management, remote systems management and cloud management are considered 
to be increasingly important to be covered in NA curriculum.  From Fig. 2, we can notify that 
Web-based hardware and software delivery method will become priority in providing effective 
delivery strategy. 

Fig. 1:  Effectiveness of Learning in NA Topics 
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Fig. 2:  Strategy Applied in Teaching NA Curriculum 

CONCLUSION AND FUTURE WORK 

We provided our new practices of designing effective NA curriculums through the use of 
planning and feedback. These living systems will help NA training in both industry and 
academics. We also provide NA survey systems when effectively used can support collaboration 
between academics and industry. With new practices and survey systems at hand, different 
schools can dynamically adjust their NA curriculum and can dramatically improve the teaching 
quality in NA field. 
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Abstract: MATLAB is a widely used matrix based equation solving program, with the features of a general 
purpose programming language along with a vast collection of built-in functions, which include extensive 
graphical capability. More recent versions of MATLAB have allowed users to Create Graphical User 
Interfaces (GUIs), enabling interaction with graphical objects, such as text boxes, push-buttons, pop-up 
menus and sliders. 
MATLAB has a built-in Graphical User Interface Development Environment (GUIDE), with which we can lay out 
the GUI graphically and have MATLAB automatically generate the code. However, writing our own programs gives 
us more understanding and flexibility in being able to modify the code to suit our application. Therefore, we will 
emphasize the programming approach in this presentation. 

The GUI examples include the following: 

Text boxes displaying 
Static text 
User entry text 

Push-buttons activating 
Up-counter 
Up/Down counter 
Four function calculator 
Tic-tac-toe game 
Alphabetic character pattern generation for neural network testing 

Pop-up menu activating 
Four function calculator 

Sliders controlling 
Slope of a plotted line 
Sample interval for numerical solution of a differential equation 
Frequency of a sinusoidal input to a series RLC circuit 
Noise level and duration for signal detection using averaging 

Key words: 
    MATLAB 
    GUI 
    Text Box 
    Push Button 
    Pop up Menu 
Slider 
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Introduction:

MATLAB is a widely used matrix based equation solving program, which has a Command 
Window for interactive use and a program editor. It has the features of a general purpose 
programming language along with a vast collection of built-in functions which include extensive 
graphical capability. MATLAB‟s basic plotor plot3functionsgenerate two or three dimensional 
graphs of data vectors. Creating Graphical User Interfaces (GUIs) enable interaction with 
graphical objects such as text boxes and push-buttons. 

GUIs are examples of hierarchal object oriented programming, where the graphical objects are 
“children” of a “parent”, which can be a figure or a panel of objects or group of buttons. For the 
examples to be presented, the “parent” will always be a figure. There are more than ten graphical 
objects available (“children”), but the examples will use only four types - text boxes, push-
buttons, pop-up menus and sliders. 

MATLAB has a built-in Graphical User Interface Development Environment (GUIDE), with 
which we can lay out the GUI graphically and have MATLAB automatically generate the code. 
However, writing our own programs gives us more understanding and flexibility in being able to 
modify the code to suit our application. Therefore, we will emphasize the programming approach 
in this presentation. 

The GUI examples include the following: 
Text boxes displaying static text and user entry text 

Push-buttons activating up-counter, up/down counter, four function calculator, tic-tac-toe 
game, and alphabetic character pattern generation for neural network testing 

Pop-up menu activating the four function calculator 

Engineering applications with sliders controlling the slope of a plotted line, sample  
interval time for numerical solution of a differential equation, frequency of a sinusoidal 
input to a series RLC circuit and noise level and duration for signal detection using  
averaging 

How to Start to Create a GUI

To start, entering figurein the command mode opens a figure window as shown. The default title 
is Figure 1 (or Figure 2, Figure 3, etc. if other figure windows are still open).  

>>figure 
>> 
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The command below also opens a figure window. Since the figure is a graphical object, its 
properties can be specified given using MATLAB‟s set function. In this case, the property Name 
assigns the string that follows as the figure‟s title. 

>> set (figure, 'Name', 'GUI Example') 
>> 

The function uicontrol, to be used in all the examples, enables the creation of user interface 
control objects. Its general form is 

uicontrol(parent, „PropertyName‟,‟PropertyValue‟,…..) 
or 

uicontrol(„PropertyName1‟, PropertyValue1, „PropertyName2‟, PropertyValue2, …..) 
As seen below, a default figure (“parent”) object is created along with a push-button (“child”) 
object in the lower left corner of the screen. 

>>uicontrol 
>> 
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The same figure would result from entering 

uicontrol(„Style‟, ‟pushbutton‟)    

The following are examples of property names for the GUI objects: 

   Style Specifies type of GUI object (e.g. text box, push-button, slider) 
Position A vector with format [left, bottom, width, height] specifying position, 

width and height in pixels of the GUI object relative to the figure window 
String Text to be displayed 
Font Size Text character size 
Callback Invokes a nested call back function in response to a user action 

(e.g. clicking on a push button) 
Min, Max, ValueSpecifies smallest, largest and current values for a slider     

The types of GUI objects (i.e. Style property) to be used in our examples are shown below: 

Style property Object 

Text Static text box – displays text 
Edit Edit text box – allows user to input text 
Pushbutton Push button -     generates action when user presses (i.e. clicks mouse) on it 
Popup Pop-up menu –  displays options and generates actions when clicked 
Slider Slide –enables user to adjust position to provide numeric input 

  over a specified range   

To generate the GUI below, the code can be entered in the command mode or run as a program 
(i.e. script M file). A figure box with a title is created and a text box is placed in it. The Style 
property creates a static text box, in which a fixed message is placed. The String, Position and 
FontSize properties specify the message, the location of the text box and the font size of the text 
respectively.The resulting display is shown. 
% GUI - Text Box 
set(figure,'Name','GUI Demo - Display Text') 
htext=uicontrol('Style', 'text',...  
 'String', 'Good morning!', ... 
'Position',[100,300,500,50], ... 
'FontSize',20); 
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For the remaining examples, function files have been created without any input parameters, 
allowing them to be run directly and to access a callback function in the same file. The general 
format of these programs is: 

functiongui_demo….. 
% Set up GUI 

: 
var = uicontrol(…..  „Callback‟, @callbackfn…..); 
: 

functioncallbackfn(source, eventdata) 
   % User created - tailored to application 

: 
end 
end 

Generally the outer function, gui_demo….., sets up the GUI and accesses callbackfn in 
response to a user action, such as clicking the mouse on a push-button. Values (e.g. var) 
assigned byuicontrol functions in gui_demoare passed to callbackfn, where they can be used by 
the application. The parameter source refers to the uicontrol object that invoked the function. 
The variable eventdatais reserved for future MATLAB use. The names callbackfn, source and 
eventdataare arbitrary.For each example, the code is listed and followed by sample displays 
resulting from executing the program. 

Examples with Text Boxes 

Program 1 illustrates edited rather than static text, a concept similar to MATLAB‟s 
inputfunction, which allowsthe user to enter data rather than assigning a value in the program. 
The uicontrolfunction in the previous example replaces the text style by edit and does not 
specify the string itself. When the program is run, the user can click in the edited text box 
created, enter a string and press the <Enter> key. The function callbackfn is then invoked, the 
string is passed to it via the variable usertext, and saved as printstr. Once <Enter> is pressed, 
the string cannot be further edited. 
Program 1 

% GUI - Edited Text 
functiongui_demo_edited_text 
set(figure, 'Name', 'GUI Demo - Edited text') 
usertext=uicontrol('Style', 'edit', ...  
'Position', [100,300,500,50], ...  
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'FontSize', 20,... 
'Callback', @callbackfn); 

functioncallbackfn(usertext, eventdata) 
printstr = get(usertext,'String'); 
hstr=uicontrol('Style', 'text', ...           % Saves string when <Enter> is pressed 
 'String', printstr, ... 
'Position', [100,300,500,50], ... 
'FontSize', 20); 
end 
end 

Sample Display 

Note that an edit box can be created without the need for a callback function. The code shown 
below, when run, shows a blank text box and the user can edit and modify text. The <Enter> key 
has no effect, however, and the text is not saved. 

set(figure,'Name','GUI Demo - Edited Text') 
htext=uicontrol('Style', 'edit',...  
'Position',[100,300,500,50], ... 
'FontSize',20); 

In Program 2, the edited text box is supplemented by a push-button placed near the lower left 
edge of the figure window. Enter is the arbitrary name displayed on the push-button. The 
callback function, which is the same one used in Program 1, is now a property of the push-button 
rather than the edit text box. Thus, the clicking of the push button rather than the pressing of the 
<Enter> key saves the string and prevents further editing.   

Program2 

% GUI - Edited Text 
functiongui_demo_pushbutton 
set(figure, 'Name', 'GUI Demo - Pushbutton') 
usertext=uicontrol('Style', 'edit', ...  

194

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



'Position', [100,300,500,50], ...  
'FontSize', 20); 
userbutton=uicontrol('Style', 'pushbutton', ... 
'String', 'Enter', ... 
'Position', [20, 20, 200,50], ... 
'FontSize', 20, ... 
'Callback', @callbackfn); 

functioncallbackfn(userbutton, eventdata) 
printstr = get(usertext, 'String'); 
userstring=uicontrol('Style', 'text', ...               % Saves string when pushbutton is clicked 
'String', printstr, ... 
'Position', [100,300,500,50], ...  
'FontSize', 20); 
end 
end 

Sample Display 

Examples with Push-Buttons and Pop-Up Menu 

In Program 3 the static text box displays a numerical value (initially zero) rather than user 
entered text. The push-button, labeled Up, increments the numerical value on every click of the 
button. The MATLAB function num2str converts a numerical value to a string and str2num 
does the reverse. Each time the callback function is invoked, it gets the number (count) and adds 
1 to it and displays it as text in the edit window. 

Program3 

functiongui_demo_up_counter 
   n=0; 
count=uicontrol('Style','text',...     % Creates text box displaying count 
'Position',[200,200,100,50],... 
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'FontSize', 20,... 
'String',num2str(n));      

push_button=uicontrol('Style', 'pushbutton',...             % Creates pushbutton in lower left corner 
'String','Up',... 

'Position',[0,0,100,50],... 
'FontSize', 20,... 

'Callback',@callbackfn);        

functioncallbackfn(pushbutton,eventdata) 
  n=str2num(get(count,'String')); 

      n=n+1; 
set(count,'String',num2str(n)) 
end 
end 

Sample Display 

Program 4 modifies Program 3 by adding a second push-button (Down) which decrements the 
count. Both buttons need to access the callback function when clicked, with the parameter 
sourceidentifying the appropriate button. The if-else structure either increments or decrements 
the count by 1. Thus, negative numbers can appear as illustrated by the sample output.  

Program 4 

functiongui_demo_up_down_counter 
   n=0; 
count=uicontrol('Style','text',...       % Creates text box displaying count 
 'Position',[200,200,100,50],... 

'FontSize', 20,... 
'String',num2str(n));      
up_button=uicontrol('Style', 'pushbutton',...             % Creates two pushbuttons 
'String','Up',... 

'Position',[0,0,100,50],... 
'FontSize', 20,... 

'Callback',@callbackfn); 

down_button=uicontrol('Style', 'pushbutton',...   
  'String','Down',... 

 'Position',[150,0,100,50],... 
'FontSize', 20,... 
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 'Callback',@callbackfn);       

functioncallbackfn(source,eventdata)         
      n=str2num(get(count,'String')); 
if source==up_button 

      n=n+1; 
else 

      n=n-1; 
end 
set(count,'String',num2str(n)) 
end 
end 

Sample Display 

Program 5 creates a display for a four-function calculator (add, subtract, multiply, and divide 
operations). Static text boxes are provided for a title in the figure window (not to be confused 
with a figure title), the character showing the operation performed (+, -, * or /), and the equal to 
symbol (=). Edit text boxes are required for user entry of the two numbers to be operated upon 
(n1 and n2);the calculated answer (result) is placed in a static text box. A separate push-button 
is provided for each of the four operations. 

Similar to the previous program, the callback function parameter source identifies which of the 
four operations is chosen and the corresponding operator (op) and the calculated result (answer). 
As shown below, zeros are displayed for n1 and n2 initially. The user can change the numbers 
and display the result by clicking one of the buttons. The resulting displays are shown for each 
operation performed on seven digit numbers. The text boxes widths should be sufficient to 
display long digit strings.  

The structure of this program makes it straightforward to add more functions to the calculator. 

Program 5 

function gui_calculator_4function 
% gui_calculator has 2 edit boxes for numbers and 
%   adds, subtracts, multiplies or divides them 
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set(figure,'Name','GUI Calculator') 
n1=0; n2=0; 

title = uicontrol('Style','text','Position',[150,600,700,100],... 
'FontSize',30,'String','Four Function Calculator'); 

operator = uicontrol('Style','text',... 
'Position',[240,400,50,60],'FontSize', 20); 

equal_sign = uicontrol('Style','text',... 
'Position',[540,400,50,60],'FontSize', 30,'String','='); 

result = uicontrol('Style','text',... 
'Position',[600,400,300,60]); 

firstnum = uicontrol('Style','edit','Position',[20,400,200,60],... 
'FontSize', 20, 'String',num2str(n1)); 

secondnum = uicontrol('Style','edit','Position',[320,400,200,60],... 
'FontSize', 20,'String',num2str(n2)); 

add_button = uicontrol('Style','pushbutton', 'String','Add',...         
'Position',[80,50,100,50], 'Callback',@callbackfn); 

subtract_button= uicontrol('Style','pushbutton', 'String','Subtract',...            
'Position',[200,50,100,50], 'Callback',@callbackfn); 

multiply_button = uicontrol('Style','pushbutton', 'String','Multiply',...       
'Position',[320,50,100,50], 'Callback',@callbackfn); 

divide_button = uicontrol('Style','pushbutton', 'String','Divide',...        
'Position',[440,50,100,50], 'Callback',@callbackfn); 

functioncallbackfn(source,eventdata) 
   n1=str2num(get(firstnum,'String')); 

       n2=str2num(get(secondnum,'String')); 
if source == add_button 
op='+';   
answer=n1+n2; 
elseif source == subtract_button 
op='-';  
answer=n1-n2; 
elseif source == multiply_button 
op='*';  
answer=n1*n2; 
elseif source == divide_button 
op='/';  
answer=n1/n2; 
end 
set(operator,'String',op,'FontSize',30) 
set(result,'String',num2str(answer),'FontSize',20) 

end 
end 

Initial Display 
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Other Sample Displays 

▲ 

▲ 
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▲

▲ 

In Program 6, the push-buttons used in Program 5 for the four function calculator are replaced by 
a pop-up menu. The statement 

op_menu = uicontrol('Style', 'popup', 'String', 'Add|Subtract|Multiply|Divide',….. 

creates the menu and assigns the text shown to each menu item, with |as the separator. When the 
menu is first displayed, only the first operation (Add) is visible, but clicking on the menu‟s down 
arrow enables selection of the desired operation. The calculation is then performed on the two 
numbers entered and the result is displayed. 

Since the „Value‟ property of the pop-up menu assigns integers 1, 2, 3 and 4 to the operations 
listed in the order shown, it is convenient to use a switch structure in the callback function, 
instead of the more awkward if/elseifcode.   
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Program 6

function gui_calculator_4function_popup_menu 
% gui_calculator has 2 edit boxes for numbers and 
%   adds, subtracts, multiplies or divides them 

set(figure,'Name','GUI Calculator'); 

n1=0;n2=0; 

title = uicontrol('Style','text','Position',[150,600,700,100],'FontSize',30, ... 
'String','Four Function Calculator'); 

operator = uicontrol('Style','text','Position',[240,400,50,60], ... 
'FontSize', 20); 

equal_sign=uicontrol('Style','text','Position',[540,400,50,60], ... 
'FontSize', 30,'String','='); 

result=uicontrol('Style','text', ... 
'Position',[600,400,300,60]); 

firstnum = uicontrol('Style','edit','Position',[20,400,200,60],'FontSize', 20, ... 
'String',num2str(n1)); 

secondnum=uicontrol('Style','edit','Position',[320,400,200,60],'FontSize',20, ... 
'String',num2str(n2)); 

op_menu = uicontrol('Style', 'popup', 'String', 'Add|Subtract|Multiply|Divide',... 
'Position', [20, 100, 100, 50], 'Callback',@callbackfn);   

functioncallbackfn(source,eventdata) 
   n1=str2num(get(firstnum,'String')); 

       n2=str2num(get(secondnum,'String')); 
val=get(op_menu,'Value'); 
switchval 
case 1 

op='+';   
answer=n1+n2; 

case 2 
op='-';  
answer=n1-n2; 

case 3 
op='*';  
answer=n1*n2; 

case 4 
op='/'; 
answer=n1/n2; 

end 
set(operator,'String',op,'FontSize',30) 
set(result,'String',num2str(answer),'FontSize',20) 

end 
end 
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Initial Display 

Other Sample Displays 

202

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



Program 7 uses nested for loops to simply create an array of square sized pushbuttons,bordering 
the lower left edge of the figure window. The distances from the left edge and bottom are set so 
that the button edges are touching one another. In this example, a 2 row by 4 column array with 
square size of 100 pixels is displayed.  

As will be shown in the next example, an action associated with a particular pushbutton can be 
carried out by including the callback function and referencing button(i,j) in that function. 

Program 7 

functiongui_button_array 
rows=2; cols=4; size=100; 
fori=1:rows 
for j=1:cols 
button(i,j)=uicontrol('Style', 'pushbutton',... 

 'Position',[(j-1)*size,(rows-i)*size,size,size]);   
end 
end 
end 

Resulting Display 

In Program 8, a pushbutton array is created for a game of tic-tac-toe, with an equal number of 
rows and columns (N). The traditional game uses a 3x3 array, but the user can specify a 4x4 or 
5x5 array for a greater challenge. A larger array size can be specified, but may require some re-
sizing of the squares. When a player clicks on any button, the callback function is accessed. If 
the square has not been selected previously, depending on whose turn it is, anXor O is entered 
into the square. A static text box (message) is also created to display the status of the game.  

The variable first_player, initially set to 1, indicates who has the next move; the square matrices 
Xseq and Oseq (initially all zeros) keep track of the player selections by setting the appropriate 
entry to 1. After each entry, all rows and columnsalong with the two diagonals are checked to 
determine if any one contains all Xs or all Os. If so, a message identifying the winner is 
displayed in the text box. A record is kept of the number of entries (moves), and when all 
squares have entries and there is no winner, Game Ends in a Tie is displayed. 
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Program 8 

functiongui_tictactoe 
    N=input('Enter game size (3, 4 or 5)    '); 
Xseq=zeros(N);  
Oseq=zeros(N);  
first_player=1; 
    X_WIN=0; 
    O_WIN=0; 
moves=0; 

message=uicontrol('Style','text','Position',[500,0,400,100],... 
         'FontSize',20,... 
      'String', 'First Player Enter "X" '); 

     % Create pushbutton array 
fori=1:N 
for j=1:N 
button(i,j)=uicontrol('Style', 'pushbutton',... 

         'Position',[(j-1)*100,(N-i)*100,100,100],... 
       'FontSize', 40,... 
     'Callback',@callbackfn); 

end 
end 

functioncallbackfn(source,eventdata)        
fori=1:N 
for j=1:N 
if source==button(i,j)&Xseq(i,j)==0 &Oseq(i,j)==0       % Select empty box only 
moves=moves+1; 
iffirst_player 
set(button(i,j),'string','X'); 
Xseq(i,j)=1; 
first_player=0; 
else 
set(button(i,j),'string','O'); 
Oseq(i,j)=1; 
first_player=1; 
end 
end 

  % Check all rows, columns and diagonals for all X‟s or all O‟s 
Xrow=sum(Xseq(i,:)); 

Xcol=sum(Xseq(:,j)); 
Orow=sum(Oseq(i,:));           
Ocol=sum(Oseq(:,j)); 

   Xdiag1=0; Xdiag2=0; Odiag1=0; Odiag2=0; 
for k=1:N 

       Xdiag1=Xdiag1+Xseq(k,k); 
       Xdiag2=Xdiag2+Xseq(k,N-k+1); 
       Odiag1=Odiag1+Oseq(k,k); 
       Odiag2=Odiag2+Oseq(k,N-k+1); 

end 
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ifXrow== N | Xcol==N | Xdiag1==N | Xdiag2 ==N 
       X_WIN=1; 

elseifOrow== N | Ocol==N | Odiag1==N | Odiag2 ==N   
       O_WIN=1; 

end 

ifX_WIN 
set(message, 'String', 'First Player ("X") WINS!'), return 
elseif O_WIN     
set(message,'String', 'Second Player ("O") WINS'), return 
elseif moves==N*N 
set(message,'String', 'Game Ends in a Tie'), return 
elseiffirst_player 
set(message,'String', 'First Player Enter "X" ') 
else 
set(message,'String', 'Second Player Enter "O" ') 
end 
end 
end 
end 
end 

Sample display for a traditional 3x3 game: 

>>Enter game size (3, 4 or 5)    3 

Initial Display 
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Other Sample Displays (for a 3x3 game) 
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Examples with Sliders – Engineering Applications 

Programs 9 to 12 illustrate the use of sliders to control certain variables in a user program. In 
these examples plotted data is placed into the figure window and moving the slider varies a 
parameter of the graph. In this manner we can see the effect of a change on the plot without the 
need to restart the program each time. 

In these programs we initially specify the slider range from the smallest (minval) to largest 
(maxval) value. The slider is created with the statements 

slider_handle = uicontrol(„Style‟, „slider‟, „Position‟, ….., „Callback‟, …..); 
min_slide = uicontrol(„Style‟,‟text‟, „Position‟, ….., „String‟, num2str(minval)); 
max_slide= uicontrol(„Style‟,‟text‟, „Position‟, ….., „String‟, num2str(maxval)); 
value_slide= uicontrol(„Style‟, „text‟, „Position‟, …..); 

The first line displays the slider and invokes the callback function when the slider position is 
moved (i.e. by clicking or dragging with the mouse). The remaining code creates text boxes to 
display the slide range and current value proportional to the slide‟s relative position. In the 
examples, the range values are positioned below the slide and the current value above it. The 
slide range and initial position are specified by assigning values to the properties „Min‟, 
„Max‟and „Value‟in slider_handle. If „Value‟ is not assigned, it defaults to zero. 
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Since the slider range values are constant, they are displayed immediately as strings. The current 
value („Value‟) is initialized in each example to the minimum value;it is displayed and then 
updated by the callback function, which is activated by moving the slide. Additional text boxes 
are placed below each slide in Programs 10 to 12, to label the quantity represented by the slide‟s 
value.  

As another option, MATLAB‟s axes function (not to be confused with axis, which sets the  
x-y scales for plotting)creates a graphics object in the figure window that provides a coordinate 
system for data to be plotted. If axesis not used, the subsequent plot will fill the entire window. 
The use of axes is illustrated in Program 9 only. In the other programs, where multiple plots are 
shown (i.e. subplots), the entire figure window was used for clarity and the slider was kept small 
in size and squeezed in between the plots. 

In Program 9, a simple straight line passing through the coordinate origin is plotted, with a slope 
(m) proportional to the slider position. The sample displays shows the plot of 

y = 6 x (0 ≤ x ≤ 10) 

Program 9 

function gui_demo1_slider 
% Slider controls slope of a plotted line  

% Minimum and maximum values for slider 
minval = 0; 
maxval = 10; 
 % Create the slider object 
slider_handle = uicontrol('Style','slider', ... 

     'Position',[200,320,200,100], ... 
     'Min', minval, 'Max', maxval,'Value', minval, ... 
     'Callback', @callbackfn); 

% Text boxes to show the min and max values and slider value 
min_slide= uicontrol('Style','text', ... 

  'Position', [80, 310, 80,30], ... 
          'String', num2str(minval), 'FontSize', 15); 

max_slide= uicontrol('Style','text', ... 
 'Position', [430, 310, 80,30], ... 
'String', num2str(maxval),  'FontSize', 15); 
value_slide = uicontrol('Style','text','Position', [260,440,80,30],... 
'String', num2str(minval), 'FontSize', 15); 
% Create axes handle for plot 
axes_handle = axes('Units','Pixels',... 
'Position', [600,200,550,350]); 

% Call back function displays the current slider value & plots n points 
functioncallbackfn(slider_handle,eventdata) 
       m=get(slider_handle, 'Value'); 
set(value_slide,'String',num2str(m)) 

   x = 0:0.1:10; 
       y = m*x; 
plot(x,y), grid, xlabel('x'), ylabel('y'), axis([0, 10, 0, 100]) 
end 
end 

208

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



Sample Display 

In Program 10, a first order linear differential equation is solved numerically by converting it to a 
difference equation. The accuracy of the solution depends on the sampling interval used in 
converting the continuous time function to a discrete set of values. A slider is provided to control 
the sampling interval.  

In this example, the differential equation for y(t) is given by 

y‟ + y = t for  t ≥ 0 , 

with the initial condition y(0) = 0. The exact solution of this equation is 

y(t) = t – 1 + e-t

The difference equation can be shown to be 

y(n) = [ y(n-1) + n Ts
2] / (1 + Ts) with y(1) = 0

for the n-th discrete (sampled) value, where Ts is the sampling interval. 

The function y(t) is sampled over the interval 0.01 ≤ t ≤ Tmax, with Tmax set to 5. The values 
of y(n) are calculated and plotted. With the aid of MATLAB‟s functions dsolve(from the 
Symbolic Math Toolbox) and ezplot, the exact solution is shown in the lower subplot. 

Sets of plots are shown for sampling intervals Ts = 0.01 and Ts = 1, which show that the 
approximate solution is more accurate for the smaller interval.   
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Program 10

function gui_demo2_slider 
% Plot the approximate solution to the differential equation  y' + y = t u(t), y(0)=0 
% where the sampling interval is the value of the slider 

f = figure; 
set(f, 'Name','Slider Example with Plot of Diff. Equation Solution') 
% Minimum and maximum values for slider 
minval = 0.01; 
maxval = 1; 

% Create the slider object 
slider_handle = uicontrol('Style','slider', ... 
   'Position',[70,390,100,50], ... 
  'Min', minval, 'Max', maxval, 'Value', minval, ... 
 'Callback', @callbackfn); 
% Text boxes to show the min and max values and slider value 
min_slide = uicontrol('Style','text', ... 
'Position', [20, 380, 40,15], ...  
'String', num2str(minval)); 
max_slide = uicontrol('Style','text', ... 
'Position', [180, 380, 40,15], ... 
'String', num2str(maxval)); 
title_slide = uicontrol('Style','text','Position', [70,360,100,20], ... 

'String','Sampling interval'); 
value_slide = uicontrol('Style','text','Position', [100,450,40,15], ... 

'String', num2str(minval)); 

 % Call back function displays the current slider value & plots the D.E. solution 
functioncallbackfn(slider_handle,eventdata) 
Ts = get(slider_handle, 'Value');        
set(value_slide,'String',num2str(Ts)) 
       y = 0; 
y(1) = 0;                                                       % Initial condition 
Tmax = 5;   

   N = Tmax / Ts; 

for n = 2 : N                % Solution to difference equation 
y(n) = ( y(n-1) + n * Ts ^ 2) / (1 + Ts); 
end 
       n = 1:N; 
subplot(2,1,1) 
plot( (n-1) * Ts, y ), grid 
title('Difference Equation Approximation') 
xlabel('n * Ts') 
ylabel('y') 
axis([0 5 -1 4]) 

% Repeat using dsolve and ezplot functions (Symbolic Math toolbox) 
       Y = dsolve('DY + Y = t,  Y(0) = 0'); 
subplot(2,1,2) 
ezplot(Y, [0 5]), grid 
ylabel('Y') 
title('Exact Solution to Difference Equation using dsolve (Symbolic Math Toolbox function)') 
end 
end 
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Sample Displays 
Sampling time = 0.01 

Sampling time = 1 
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In Program 11 a slider is used to control the frequency (f) of a sinusoidal voltage source applied 
to a series RLC circuit. The peak value of the source ,Vin_peak, is set to 10 (assume in volts – 
v.). The component values are chosen so that the current (or proportional resistor voltage) will 
have a peak amplitude at a center or resonant frequency f0 = 800kHz., with a bandwidth (i.e. 
difference between the upper and lower 3dB frequencies)  of 10kHz. The circuit could be used to 
“tune” to an AM radio station with an 800 kHz. carrier frequency and provide the 10kHz.  band 
typically used for audio reception. The quality factor for the circuit (Q) is the ratio of f0 to the 
bandwidth, giving us Q = 80 for this circuit.A slide range of 750,000 to 850,000 is selected. 

The callback function applies standard AC circuit analysis, using phasors and complex 
impedances, to find the steady state sinusoidal voltages across R, L and C. These three voltages, 
VR, VL and VCrespectively, along with the source voltage Vin are plotted over one period  
T = 1/f.Moving the slider position clearly shows how amplitude and phase vary with frequency.    

Sample plots are shown for the lowest frequency (750 kHz.) and the center frequency (800 
kHz.). The peak values of the component voltages increase and the phase changes as the center 
frequency is approached. At resonance the peak resistor voltage is Vin_peak=10 v., while the 
peak inductor and capacitor voltages are approximately equal to Q Vin_peak= 800v. Although 
phase is changing with frequency, VC and VL are always 180 degrees out of phase with one 
another and 90 degrees out of phase with VR. At resonance, VR is in phase with the source 
voltage, since the inductive and capacitive impedances cancel one another.  

Program 11 

function gui_demo3_slider 
% Computes and plots the sinusoidal steady state response to a 
% series RLC circuit. The slider controls the source frequency. 

set(figure, 'Name','Slider Example with Plot of RLC Circuit Response') 
% Minimum and maximum values for slider 
minval = 7.5E5; 
maxval = 8.5E5;  
% Create the slider object 
slider_handle = uicontrol('Style','slider', ... 
   'Position',[60,390,100,50], ... 
  'Min', minval, 'Max', maxval, 'Value', minval, ... 
 'Callback', @callbackfn); 
% Text boxes to show the min and max values and slider value 
min_slide = uicontrol('Style','text', ... 
'Position', [0, 380, 60,15], ...  
'String', num2str(minval)); 
max_slide = uicontrol('Style','text', ... 
'Position', [160, 380, 60,15], ... 
'String', num2str(maxval)); 
title_slide = uicontrol('Style','text','Position', [60,360,100,20], ... 

'String','AC Frequency (Hz.)'); 
value_slide = uicontrol('Style','text','Position', [70,450,80,15], ... 

'String', num2str(minval)); 
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% Call back function displays the current slider value & plots the input 
% and output voltages 
functioncallbackfn(slider_handle,eventdata) 
       f = get(slider_handle, 'Value');   
set(value_slide,'String',num2str(f)) 

Vin_peak=10; 
       R=1E3; L=15.9E-3; C=2.49E-12; 
w =2*pi*f;   
ZL=j*w*L; 
ZC= -j/(w*C);     
w0=1/(sqrt(L*C)); 
       Q=w0*L/R; 
Vmax=Q*Vin_peak; 

VR_freq=Vin_peak*R/(R+ZL+ZC); 
VL_freq=Vin_peak*ZL/(R+ZL+ZC); 
VC_freq=Vin_peak*ZC/(R+ZL+ZC); 

   T=1/f; t=0:T/50:T; 
   Vin=real(Vin_peak*exp(j*w*t)); 
   VR=real(VR_freq*exp(j*w*t)); 
   VL=real(VL_freq*exp(j*w*t)); 
   VC=real(VC_freq*exp(j*w*t)); 

subplot(4,1,1) 
plot(t,Vin ), grid       
xlabel('t') 
ylabel('Vin') 
title('Source Voltage') 
axis([0, T, -max(Vin), max(Vin)]) 

subplot(4,1,2) 
plot(t,VR), grid 
xlabel('t') 
ylabel('VR') 
title('Resistor Voltage') 
axis([0, T, -max(VR), max(VR)]) 

subplot(4,1,3) 
plot(t,VL), grid 
xlabel('t') 
ylabel('VL') 
title('Inductor Voltage') 
axis([0, T, -max(VL), max(VL)])     

subplot(4,1,4) 
plot(t,VC), grid 
xlabel('t') 
ylabel('VC') 
title('Capacitor Voltage') 
axis([0, T, -max(VC), max(VC)]) 

end 
end 
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Sample Displays 

Frequency = 750 kHz. 

Frequency = 800 kHz. 
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Program 12 uses MATLAB‟s random number generator to simulate the addition of noise to a 
signal. In this example, signal is a vector of the sampled values of a single frequency sinusoid at 
arbitrary unit amplitude and frequency (f) of 1000 Hz. The vector noise consists of random 
values between -A and +A. For A = 1, the level of noise being comparable to that of the signal. 
In this program, a commonly used technique of accumulation (or averaging) is used to reduce the 
noise. With this method, a vector of sampled values of the signal plus noise is created over an 
integral number, M, of full periods of the sinusoid. By summing the corresponding n-th sampled 
value in each period and dividing by M, we obtain the average value at each sample time t(n). 
Since the signal is periodic, the average of its sampled values is independent of M. The key to 
reducing the noise by this method is that the noise values are equally likely to be positive or 
negative, and the summation tends to cancel out values of opposite sign. 

Two sliders are provided in the GUI, slider1 for controlling the relative noise amplitude (A) and 
slider2 to control the number of cycles (M) over which the averaging is performed.  

The composite of signal plus noise values, x,  over one period of the signal is plotted. With the 
aid of MATLAB‟s Fast Fourier Transform function (fft), discrete (i.e. digital) frequency 
coefficients are computed and their magnitudes are plotted as a function of discrete frequencies 
(k). The sinusoid as expected results in a single spectral line corresponding to k=1. The noise 
spectrum is observed to be spread out over a wide range of higher frequencies, which is the case 
when “real” noise is analyzed. 

For a noise amplitude (A) selected by slider1, four subplots are generated. Time and discrete 
frequency plots are shown for a single cycle of sampling (M=1), and for an arbitrary number of 
cycles (M) set by slider2. The sample plots illustrate the cases A=1 with M=20 andA=5 with 
M=100. For the lower noise level (A=1), the signal frequency component is much larger than 
any noise frequency magnitude and the signal is somewhat recognizable in the time plot. As 
expected, averaging over 20 cycles reduces the noise frequency components considerably and 
the signal is much “cleaner”. Increasing the noise level by a factor of 5 results in the signal be 
unrecognizable. By increasing the number of cycles from 20 to 100 (i.e. by the same factor of 5), 
the recovered signal looks very much like that for the first case. 

Program 12 

function gui_demo4_slider 
% Signal Detection in Noise (Accumulation/Averaging Method). 
set(figure, 'Name','Slider Example - Signal Detection in Noise (Accumulation/Averaging)') 

% Thefirst slider controls the noise amplitude. 
% Minimum and maximum value for slider1 
minval1 = 0; 
maxval1 = 10; 
 % Create the slider objects 
slider1_handle = uicontrol('Style','slider', ... 
    'Position',[50,390,100,50], ... 
 'Min', minval1, 'Max', maxval1, ... 
'Callback', @callbackfn); 
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% Text boxes to show the min and max values and slider value 
min_slide1 = uicontrol('Style','text', ... 
'Position', [20, 380, 20,15], ...  
'String', num2str(minval1)); 
max_slide1 = uicontrol('Style','text', ... 
'Position', [160, 380, 20,15], ... 
'String', num2str(maxval1)); 
title_slide1 = uicontrol('Style','text','Position', [60,340,80,40], ... 

'String','Noise Amplitude'); 
value_slide1 = uicontrol('Style','text','Position', [90,450,40,15], ... 

'String', num2str(minval1)); 

% The second slider controls the number of cycles to average 
% Minimum and maximum value for slider2 
minval2 = 1; 
maxval2 = 100; 
 % Create the slider objects 
slider2_handle = uicontrol('Style','slider', ... 
  'Position',[1300,390,100,50], ... 
'Min', minval2, 'Max', maxval2,'Value', minval2, ... 
'Callback', @callbackfn); 
% Text boxes to show the min and max values and slider value 
min_slide2 = uicontrol('Style','text', ... 
'Position', [1270, 380, 20,15], ...  
'String', num2str(minval2)); 
max_slide2 = uicontrol('Style','text', ... 
'Position', [1410, 380, 30,15], ... 
'String', num2str(maxval2)); 
title_slide2 = uicontrol('Style','text','Position', [1310,340,80,40], ... 

'String','Number of Cycles (M)'); 
value_slide2 = uicontrol('Style','text','Position', [1340,450,40,15], ... 

'String',num2str(minval2)); 

% Call back function displays the current slider value & plots the inputand output voltages 
functioncallbackfn(slider_handle,eventdata) 
       A = get(slider1_handle, 'Value');                                         % Noise amplitude 
set(value_slide1,'String',num2str(A)) 

   M = get(slider2_handle, 'Value');              % Number of Cycles 
       M = round(M); 
set(value_slide2,'String',num2str(M)) 

rand('seed', 1234567)    % Use same random sequence each time 
   f = 1000;  % Signal frequency (arbitrary)    
  m = 1 : M;           % Average over M cycles 

      N = 64; n = 0 : N-1;  
t = n / (N * f);      % Time intervals (N per cycle) 
signal = sin(2 * pi * f * t); 
noise = A * (2 * rand(1,N) - 1); 

      x = signal + noise;            % Generate and plot noisy signal 
subplot(2,2,1) 
plot(t,x) 
title ('Signal Plus Noise (One Cycle)') 
xlabel ('t') 
ylabel ('x')  
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X = fft(x);            % Generate and plot discrete  
subplot(2,2,2)          % frequency spectrum (one cycle) 
bar(abs(X)) 
title ('Discrete Frequency Spectrum (One Cycle)') 
xlabel ('k') 
ylabel ('|X|') 

if (M == 1)        % Average noise over M cycles 
        y = x;     % No averaging for 1 cycle 

else 
        y = signal + sum(A * (2 * rand(M,N) - 1)) / M;     % Averaging for >1 cycle 

end 
subplot(2,2,3) 
plot(t,y) 
title ('Signal Plus Noise (M Cycles)') 
xlabel ('t') 
ylabel ('y') 

      Y = fft(y);               % Generate and plot 
subplot(2,2,4)         % frequency spectrum (M cycles) 
bar(abs(Y)) 
title ('Discrete Frequency Spectrum (M Cycles)') 
xlabel ('k') 
ylabel ('|Y|') 

end 
end 

Sample Displays 

Noise amplitude = 1, Number of averaging cycles = 20 
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Noise amplitude = 5, Number of averaging cycles = 100 

Neural Network Testing Example 

For the final example, a GUI was created for a neural network recognition application. The 
program is quite complex and will not be shown, but the concepts involved are similar to those 
used for the Four-function calculator with pop-up menu (Program 6) and the Tic-Tac-Toe game 
(Program 8).  

Programs were originally created to simulate the learning and testing of a character pattern by a 
neural network, using an algorithm called Perceptron. As an example of pattern recognition, the 
upper case letters of the alphabet (A to Z) can be identified by a 5x5 array of pixels as shown 
below. The network has 25 inputs with 26 different patterns to be learned. 

..#.. ##### ##### ###.. ##### ##### ##### #...# ##### ....# #...# #.... #...# 

.#.#. #...# #.... #..#. #.... #.... #.... #...# ..#.. ....# #..#. #.... ##.## 

#...# ####. #.... #...# ##### ####. #..## ##### ..#.. ....# ###.. #.... #.#.# 

##### #...# #.... #..#. #.... #.... #...# #...# ..#.. #...# #..#. #.... #...# 

#...# ##### ##### ###.. ##### #.... ##### #...# ##### ##### #...# ##### #...# 

#...# ##### ##### ##### ##### ##### ##### #...# #...# #...# #...# #...# ##### 

##..# #...# #...# #...# #...# #.... ..#.. #...# #...# #...# .#.#. .#.#. ...#. 

#.#.# #...# ##### #.#.# ##### ##### ..#.. #...# #...# #...# ..#.. ..#.. ..#.. 

#..## #...# #.... #..## #..#. ....# ..#.. #...# .#.#. #.#.# .#.#. ..#.. .#... 

#...# ##### #.... ##### #...# ##### ..#.. ##### ..#.. .#.#. #...# ..#.. ##### 
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The network has 26 outputs, each one identifying a unique letter. Thus, using binary notation, the 
output matrix shown is simply a size 26 identity matrix.   

Final outputs after training: 
ABCDEFGHIJKLMNOPQRSTUVWXYZ  

10000000000000000000000000 A 

01000000000000000000000000 B 

00100000000000000000000000 C 

00010000000000000000000000 D 

: 

: 

00000000000000000000000001 Z 

Learning the patterns is relatively easy with Perceptron, but the interesting problem is then to 
observe the response to testing the network for input patterns with errors in one or more pixel 
positions. For example, the patterns below can be viewed as the learned A and A with errors in 
four positions (all in the second row): ..#.. ..#..

.#.#. #...# 

#...# #...# 

##### ##### 

#...# #...# 

          Learned A A with errors 

The original testing program required the user to enter a string of 25 bits (0‟s and 1‟s) 
corresponding to the tested pattern. For example, the first five bits for the learned A are 00100. 
The GUI developed has an array of 25 pushbuttons, each of which can be toggled to alternate 
between .and #. For additional convenience, the pop-up menu right above the buttons enables 

automatic entry of any of the 26 learned character patterns. 

When the testing program is started, the following instructions are first displayed: 
Press Enter to open character entry GUI. 

To enter a learned pattern, select from pull down menu 

Left click to insert or remove "#" in any box. 

Click OK to test pattern and press Enter for next pattern. 

Close window to end program.  

As indicated by the instructions, pressing the <Enter> key displays the GUI below: 
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The learned pattern A, when selected from the pop-up menu, is shown below. 

Clicking on OK, we see the results below verifying that A has indeed been learned. A feature 
was put into the testing program which also ranks the 26 letters by what are called their  
“pre-activation” outputs. A has the highest value as expected. 

Character entered: ..#..

.#.#. 

#...# 

##### 

#...# 

Resulting outputs:
ABCDEFGHIJKLMNOPQRSTUVWXYZ

10000000000000000000000000 

Sorted outputs before activation (strongest first): 
ARODYWVCKLSJIHFZTEPNMXGQBU

To test the pattern with errors, <Enter> is again pressed, which brings up the previous pattern. 
Clicking on the appropriate four boxes in the second row then puts in the errors, resulting in the 
new display below. 
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Clicking on OK, we now see the results below. 

Character entered: ..#..

#...# 

#...# 

##### 

#...# 

Resulting outputs:
ABCDEFGHIJKLMNOPQRSTUVWXYZ 

100000000000000000000?0000 

Sorted outputs before activation (strongest first): 
AVWROHTKDNLCQJISBPEZXUYMFG  

Note that A is still identified by the network as the strongest character.  A second letter, V, 
shows ?, indicating that it has almost reached the pre-activation corresponding to a “1” output. 
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Abstract:  At some point students reach the course that addresses the 
propagation of errors after answering the question “What errors influence your 
results?” in umpteen different experiments plus maybe a few percent error 
calculations.  Dealing with error is a mindset that requires developing over time. 
Why not start the process as soon as measurement occurs?  This is in line with 
the Analyzing and Interpreting Data section of the Next Generation Science

Standards.  To study errors, the novice learner needs to make experimental 
errors in relatively simple situations that allow comparison to near errorless 
situations.  Now students can discover the influence of the error and study its 
behavior by further numerical experimentation. 

Over the last decade as mathematical modeling of data has become a larger part 
of the scientific experience for students, more investigation of errors has been 
incorporated.  The approach includes both actual experimentation with analysis 
and the use of simulations.  The tool of choice for modeling data and 
constructing interactive animated simulations is the spreadsheet.  A variety of 
discovery-learning tools to examine random and systematic errors have been 
developed.  Students gain hands-on experience with a number of experiments 
and subsequent data analysis.  Then they extend their experience using prebuilt 
interactive animated simulations to enhance their conceptual understanding and 
foster deeper learning of multivariable systems. 

How do instructors change their pedagogical approach?  They learn how the 
spreadsheet simulations can be used to explore and discover concepts, enhance 
science process, and foster higher-order thinking.  Instructors can convert a 
classic lecture into a discussion using dynamic spreadsheet simulations and 
asking “what if” questions.  Students experience a predict-test-analyze cycle 
where they must explain what they observe with instructor guidance.  The 
simple computational mechanics of inducing the various errors and how they 
influence linear models are discussed.  Students deal with errors in a large 
variety of situations including error simulations and analysis for numerous 
topics.   

All materials and numerous other prebuilt spreadsheets plus instructions for 
developing interactive Excel spreadsheets available free to download are 
accessible at http://academic.pgcc.edu/~ssinex/excelets/matsci_excelets.htm. 

Key words:  discovery learning, spreadsheet simulations, random and systematic 
errors 
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Introduction:

Getting students to deal with measurement error is not a trivial task, but is the hallmark of a good 
scientist and engineer.  So many K-16 laboratory activities tend to explore a single dependent 
variable as the independent variable in changed.  Then students address the question: “What 
errors influence your results?”  This is an important question to address; however, novice 
learners need to investigate error not have it thrown in as an after thought to an experiment. 

The NRC’s A Science Framework for K-12 Science Education [1] and the Next Generation

Science Standards [2] are setting the bar high to change how science and engineering are 
approached in K-12.  Plus mathematical modeling is an important part of the Common Core 
Standards in Mathematics [3] in K-12, and at the college level, has been endorsed by AMATYC 
[4] and MAA [5].  Surely the college science, mathematics, and ASEE engineering [6] 
communities will need to respond as the 21st-century classroom evolves.  We cannot just keep 
lecturing! 

In this paper, readers will see how animated interactive learning tools can be constructed from an 
off-the-shelf piece of software, the spreadsheet, to get students to discover concepts involving 
error analysis.  Underlying mathematics is at first camouflaged and then it surfaces as students 
explore concepts.  Students explore multivariable simulations and see how mathematical models 
are influenced by both random and systematic errors.  In general the approach given here 
increases the amount of mathematical modeling and computational thinking.  Spreadsheets are 
ideal for data > model > simulation for beginning students. 

Why use simulations in the classroom?  Mathematical modeling and simulations are tools to 
create an engaging pedagogy and deeper learning [7].  Fan and Geelan [8] have reviewed the 
educational use of simulations and developed a four-fold framework for considering the impacts 
of interactive simulations in the classroom.  There four key issues are summarized in Table 1 
along with how the interactive Excel spreadsheets discussed here support this framework. 

Hands-on Experimental Venue for Students: 

To get students building mathematical models with no prior experience with linear regression, a 
number of simple experiments with easy measurements have been developed that use “just add 
data” prebuilt spreadsheets.  The use of the coefficient of determination, r2, is introduced and 
used to judge goodness of fit of the best-fit line produced by linear regression.  Table 2 describes 
three introductory experiments [9, 10, 11] and one more advanced follow-up experiment [12] for 
students to perform and begin dealing with experimental measurement error.  These experiments 
yield linear models with high r2 values near one to assure there linear nature due to the consistent 
manufacturing of the materials used in each experiment.  These experiments are suitable for any 
physical sciences, introductory engineering, and math classes and only require algebra I skills.  
Hence they could be done in middle-high school through undergraduate college classes.   

Through experimentation, students derive simple well-behaved linear models where an 
understanding can be developed and they relate physical parameters to mathematical variables.  
A start to this is having students write the mathematical relationship or equation in terms of the 
actual measured variables and not x and y.  The spreadsheet simulations include exploring the 
experimental variables as well.  Then add variation to the physical parameters to investigate 
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Table 1 – What do Interactive Excel Spreadsheets bring to the classroom? 

Framework Element [8] 
How interactive Excel spreadsheets or 

Excelets support 

Sparking motivation to learn science 
Hands-on, minds-on, visual in nature 
Brings mathematics alive 
See what happens – rapid feedback 

Developing conceptual understanding 

Develop mathematical relationships using 
multivariable systems 
Scaffolding of learning 
Rule of Four in mathematics- 
numerical/graphical/equation/verbal 
Strengthens connection between math and 
science (algebraic and scientific thinking) 

Promoting science process skills and 
understanding of the nature of science 

Using a guided-inquiry approach – 
predictions, interpretation, conclusions 
Handling error and its analysis 
Investigating/experimenting to explore 
concepts 
Developing computational skills by 
modeling data 

Developing students’ skills in scientific 
discourse and argumentation and 

identification with science learning 

Explanations of what happens when 
variables are adjusted 
Providing evidence of support 
Analysis of mathematical model behavior 
Goodness of fit – How good is the model? 
Class data comparisons in Google Drive 

model behavior.  More complicated models can be introduced and multivariable systems easily 
explored.  This allows progression from simple to multivariable models and sets up exploring the 
propagation of errors at a much later time.  Animated interactive spreadsheets to introduce linear 
regression [13], interpolation and extrapolation [13], and handling outliers [14] are provided and 
discussed as students progress in developing their mathematical modeling skills.  

The “Investigating the Height of a Stack of Cookies” activity [15] illustrates the scientific 
process and use of modeling and simulation of the first three introductory experiments (see 
Figure 1).  Using a “just add data” prebuilt spreadsheet, students place collected data into yellow 
cells and a mathematical model is displayed on the graph.  Predictions can be made using the 
yellow cell (done by using the algebraic rearrangement of the model equation).  The simulation 
box to the lower right, adds a green line with an adjusted slope to slow how average thickness of 
the cookies influences the model.  Next, students investigate the addition of random error to 
discover how it adds scatter to the data points around the regression line and how it influences 
the value of r2 (lowers it).  As this is a random process, it takes multiple trials by students (they 
must experiment) to see how it influences the slope and y-intercept in random fashion.  This 
explores the addition of variation to the cookie thickness.  Students should discover from the  
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Table 2 – Hands-on Experiments for Investigating and Simulating Errors 
Experiment Measurement Linear Model* Possible Errors Simulation Follow-up 

Investigating the 
Height of a Stack of 

Cookies** 
[9] 

Height by 
ruler to 
nearest 

millimeter 

H = tn where H is stack 
height, cm, n is number of 
cookies in stack, t is slope 

(average thickness of cookies, 
cm/cookie) 

-Influence of thickness 
variation 

-Ruler error especially 
zero placement from end 

 

-Variation of average 
cookie thickness 

-Addition of random error 
& influence on scatter of 
data and r-squared value 
-Cause of y-intercept in 

regression results 

Measuring the Stack 
Height of Nested 

Styrofoam Cups** 
[10] 

Height by 
ruler to 
nearest 

millimeter 

H = hrimn + hbase where H is 
the stack height, cm, n is the 
number of nested cups, hrim 

(rim height of cup) is the slope, 
hbase (base height of cup) is the 

y-intercept 

-A number of possible 
errors due to rim and base 

height variations, plus 
how experiment is done 
-Ruler error especially 

zero placement from end 

-Rim & base heights are 
explored to relate to 

model 
-Systematic & random 

errors are explored 

Nuts and Bolts of 
Extrapolation** 

[11] 

Mass by 
balance to 

0.01g 

Mtotal = mnutn + mbolt where 
Mtotal is the total mass, n is the 
number of nuts added, mnut is 
the average mass of the nuts 

(slope) and mbolt is the y-
intercept  (The bolt mass, mbolt, 

is found by extrapolation) 

-Massing errors 
-Hand-drawn graph & 

eye-ball line fit to derive 
equation algebraically 

-Actually mass bolt and 
determine %error 

-Best-fit line found by 
linear regression 

(compared to hand-drawn 
graph values) 

-Addition of random error 
-Can vary material density 

Nuts and Bolts of 
Let’s Make an Error 

(more advanced 
follow-up activity) 

[12] 

Mass by 
balance to 

0.01g 

-Same as above but add 
washers to cause positive 

systematic errors 
-Calibrate balance with 

standard masses (cheap set) to 
explore y = x comparison plot 

-Graphing and linear 
regression analysis in Excel 

-Constant & proportional 
systematic errors are 

discovered & explored 
graphically compared to 

“errorless” data 
-Errant nut (different 

density) explored 

-All aspects explored to 
allow students to verify 

experimental results 
especially density & 
position of errant nut 

-Explore balance errors 
-Addition of random error 

* Students should get r-squared values of near one (consistent manufacturing) 
** No prior modeling experience needed by students (all built into spreadsheet)
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model’s slope that the cookies have a relative constant thickness or uniformity of thickness in 
manufacturing. 
 

Figure 1 – Cookie Stack Height 
 
Students then investigate the typical ruler error, where the zero mark is not on the end of the 
ruler.  This was added to the Excelet due to students missing the actual ruler error (see Figure 2) 
or seeing it, but ignoring any correction.  This produces a negative y-intercept in the model since 
it is a negative constant systematic error.    
 

    
 
 
 
 
 
 
 

 
Figure 2 – Ruler Error 

 
The other experiments and accompanying Excelets explore mathematical models where the y-
intercept is a physical parameter in the model.  The “Nuts and Bolts of Extrapolation” activity 
[11] is a classical indirect determination of the bolt’s mass by extrapolation.  Since each student 
group had the same size bolt, we wanted the class to examine the data from the six lab groups 
and compare and discover the consistency of manufacturing of the bolt (all about the same 
mass).  To allow whole class comparison and discussion, use of Google Drive was incorporated 
into both of the “Nuts and Bolts” activities [11, 12].  Students use an online Google form to 

226

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 



submit data, then open a Google spreadsheet to examine the data, and finally use the chat feature 
to discuss the data in an emulated online collaboration.  This allowed for discourse [16] as the 
instructor guided the chat and students needed to provide evidence for any claim made [17].  
Getting students to see consistency proved to be difficult (they equated consistency with 
constant, i.e. – no variation).  To get them to view a small difference as consistent, we added a 
ringer bolt (noticeably higher mass by 6 grams).  This got them to see the consistent mass of the 
other five bolts in the data. 
 
Students must plot and interpret a hand-drawn graph of their data and determine the bolt mass by 
extrapolation of the line to the y-intercept in the “Nuts and Bolts of Extrapolation” activity [11].  
In Figure 3, the Google spreadsheet data is plotted as the extrapolated bolt mass as a function of 
the bolt mass by the balance for 53 groups of students performing the activity.  The typical bolt 
mass is shown in blue, while the limited ringer bolt mass is shown in red.  The plot shows the 
large variation in the y-axis of the graphically interpreted results by the students compared to the 
fairly consistent mass by balance data on the x-axis.  The insert shows the expansion of the area 
where 74% of the results occur (37 of 50). 
 

 
Figure 3 – Student Data for the “Nuts and Bolts of Extrapolation” Activity 
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The computations to build the errors into spreadsheets are given in Table 3.  The adjustable 
variable allows control of the magnitude of each error type and can be built into any variable on 
a spreadsheet.  For each error, the size and range of the adjustable variable needs to be explored 
to keep the error reasonable and avoid negative values if they are unrealistic.  How the error 
influences linear models is then investigated by students.  Students would not see the formulas 
unless they explore the cells and calculations can be hidden if needed. 

 
Table 3 – Mechanics of Adding Random and Systematic Errors in Spreadsheets 

Type of 

error 

Spreadsheet formula –  

adds error to ideal value of data 

Adjustable 

variable† 
Comments 

Random Yreal  = Yideal + a*RANDBETWEEN(-10,10) 
a (zero to 
positive 
value) 

Adds random 
variation to ideal 

data 

Systematic - 
constant Yreal  = Yideal + b 

b (negative 
to positive 

value) 

Adds or subtracts 
a constant value 

to ideal data 

Systematic - 
proportional Yreal  = Yideal + c*Yideal 

c (negative 
to positive 

value) 

Adds or subtracts 
a proportional 
value to ideal 

data 
†actual numerical values of a, b, and c will depend on data, must experiment to see size of effects of each 

 
Via simple experiments and/or simulations, students discover the influence of the various errors 
as shown in Table 4.  Seeing the random variation in the slope and y-intercept will require 
students to experiment by pressing the F9 key, which regenerates the random number in Excel.  
All-the-while instructors are adding more science process to how students are introduced to 
concepts and making them think about how systems behave, which supports the Common Core 
Standards for Mathematics [3] and the Framework for K-12 Science Education [1].  The various 
types of errors are then addressed in numerous other interactive animated spreadsheets or 
Excelets to reinforce the behavior and help develop the mindset of always considering errors. 
 

Table 4 – Influence of Errors on Linear Models 
Type of Error Slope Y-intercept  r

2
 

Random 
Changes 

randomly – 
plus or minus* 

Changes 
randomly – 

plus or minus* 

Decreases (adds 
scatter to data 

points) 

Systematic – 
Constant 

Positive 
No effect 

Increases  
No effect 

Negative Decreases 

Systematic – 
Proportional 

Positive Increases  
No effect No effect 

Negative Decreases  

*need to vary random error (press F9 key) to see this occur on spreadsheet 
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Exploring with Simulations: 
For students new to simulations, instructors may need to explain that only one variable at a time 
is changed and to explore this variable over the full range.  Then set it back to its original value 
and explore another variable.  
 
In the “Nuts and Bolts of Extrapolation” activity, the density of both the nuts and bolt can be 
explored to see how material density influences the mathematical model.  Before going to the 
simulation, ask students to predict what would happen to the model if the densities of the nuts 
were different.  Would the mass determination of the original bolt be in error?  Then allow the 
students to explore and address the same questions.  Figure 4 shows that the use of magnesium 
nuts would decrease the slope of the model but not influence the mass of a stainless steel bolt.  
This is a nice step-up for the errant nut in the “Nuts and Bolts of Let’s Make an Error” activity. 
 

Figure 4 – Nuts and Bolt Excelet – The Material Density tab 
 
As part of the MatSci Excelets collection of interactive animated spreadsheets [18], a section on 
“Materials and Measurement” has been added.  This was the outgrowth of developing support 
material for students from the “Nuts and Bolts of Let’s Make an Error” experiment [12].  Here a 
variety of concepts are addressed in interactive fashion such as ruler and measurement error, 
minimizing random error, error bars, and balance calibration.  How do you compare data from 
two difference sources?  This could be two different methods or the same method and two 
different analysts.  Figure 5 illustrates the comparison and difference plots where the student 
explores the three errors to examine the behavior of the data especially as it compares to the y = 
x line.  An instructor could pose questions in a lecture and elicit discussion from students or 
assign exploration as an in-class activity or out-of-class project.  The difference in the behavior 
of the absolute and relative (percentage) errors is also demonstrated in Figure 5. 
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Figure 5 – Comparison and Difference Plots and the Discovery of Error Behavior 

(Error 1 – proportional systematic, Error 2 – constant systematic, Error 3 – random) 
 
As a way to get students to check their ability to handle errors, the Ruler and Measurement 
Error Excelet was created.  This Excelet allows students to explore systematic errors that are 
possible on a ruler.  It starts them with absolute error and the sign of the error as illustrated in 
Figure 6 and then extends to relative error and the comparison plot (Figure 7). 
 

Figure 6 – Ruler and Measurement Error 
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Figure 7 – Ruler and Measurement Error – the next step 
 
The Ruler and Measurement Error Excelet then has students analyze data (containing a 
variety of bundlers in manufacturing) to see if they can address the various errors to develop 
an understanding of systematic errors.  This also permits students to develop their 
computational skills with spreadsheets by modeling data with a variety of errors. 
 
Pedagogical Approach by Instructors: 

In the classic scientific approach, students would collect data, derive a mathematical model, and 
then maybe build a simulation to explore further (ideal in a spreadsheet environment).  The 
approach presented here (Figure 8) rearranges this classic view and gets students modeling by 
using “just add data” spreadsheets and using simulations faster.  They get to do predictions, run 
the simulation and see what happens, and then explain things where the instructor can serve as a 
guide.  This sets up a predict-test-analyze cycle that students go through as they investigate a 
number of variables plus gets them writing explanations as to what happens. 
 

Figure 8 - The approach illustrated in the Table 2 experiments 
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This adds science process and discourse to any activity using a simulation.  It allows students to 
see they can do science! 
 
The simulations take a more multivariable approach to systems than usually explored in the 
laboratory.  As more random error is added, students get to see how noise or scatter develops in 
the data to give a more realistic approach.  Students often have trouble seeing trends in noisy 
data. 
  
Many other interactive animated spreadsheets or Excelets explore concepts starting with the 
multivariable simulation (no experimental data collection).  These are easily used in class to 
drive concept discovery by students.  Numerous other prebuilt spreadsheets and instructions for 
developing are available free to download from the MatSci Excelets website [18] including the 
new section on “Materials and Measurement.” 
 
Student Feedback: 

In general, students like the interactive nature of the spreadsheets and the visual aspects for 
enhancing concept understanding [19, 20].  Student feedback was collected for “Investigating the 
Height of a Stack of Cookies” activity in first-semester general chemistry for non-majors over a 
number of semesters (Table 5).  The classes are a mix of pre-medicine, pre-pharmacy, biology, 
and engineering students and are doing this as their first experimental modeling activity. 
 

Table 5 – Summary of First-semester General Chemistry Student Feedback 
How would you characterize the use of the “just add data” interactive Excel 
spreadsheet for this activity?   Scale:  very easy/easy/so, so/difficult/very difficult   

Fall 2006  (n = 19 students) 3.5 out of 5 89% no difficulty 
Fall 2007  (n = 10 students) 3.4 out of 5 100% no difficulty 
Fall 2008  (n = 15 students) 3.6 out of 5 93% no difficulty 
Fall 2010  (n = 15 students) 3.5 out of 5 80% no difficulty 

Did you happen to notice that the rulers did not have the zero centimeter mark at the 
end?  (all rulers had the zero mark off from the end)        Yes      No 

Fall 2006  53% noticed error 
Fall 2007  40% noticed error 
Fall 2008  33% noticed error 
Fall 2010  67% noticed error 

If you did (circled yes in question 2), did you correct for it?  Be honest!    Yes      No 
Fall 2006 37% of total corrected error 
Fall 2007  20% of total corrected error 
Fall 2008  27% of total corrected error 
Fall 2010  27% of total corrected error 

What is the stack height of zero cookies?   _____ cm 
All but one student in four semesters placed a zero in the blank.  They know this but 
cannot translate it to y = mx + b that b = 0 (at least should be) in the activity.  A small 
value of b occurs due to measurement error and some thickness variation. 
For two graphs (one graph with more scatter in data and lower r2), which data set shows 
more variation in the thickness of the cookies?     Graph 1    Graph 2      Don’t know 

Fall 2006 100% correct graph 63% explained it correctly 0% used r2 
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Fall 2007 100% correct graph 80% explained it correctly 30% used r2 

Fall 2008 93% correct graph 73% explained it correctly 8% used r2 

Fall 2010 80% correct graph 73% explained it correctly 33% used r2 

 
A majority of students do not find the activity and use of the interactive animated spreadsheet 
simulation difficult to use.  For novice students, they do not notice the ruler error and for 
those students that do, many do not correct for the error.  Trying to relate the model equation 
to the idea that it should have a zero y-intercept (or very small value) does not come through.  
Students grasp the concept of variation in the data and see the scatter on the graph, but are 
not yet using the r2 value to aid their interpretation.  However, for a first experience with 
mathematical modeling it is not bad plus they got to eat the cookies on completion of the 
activity. 
 
The “Investigating the Height of a Stack of Cookies” activity [15] has been used for introducing 
middle and high school teachers to mathematical modeling and simulation as part of the 
Pittsburgh Supercomputing Center CAST Professional Development Program modules for 
Computational Reasoning in High School Science and Math [21].  It was very well received. In-
service teachers noticed the ruler error and corrected the problem.  A comment by a teacher: 
“Modeling in Excel can be used in all subjects, but this one on stacking cookies specifically math 
and science - asking models to relate a concept and make connections such as slope and linear 
regression.” 
 
Some Final Thoughts: 

The use of interactive Excel spreadsheets or Excelets provides discovery learning tools for 
math, science, and engineering concepts using an off-the-shelf piece of software [13].  Error 
analysis can be approached from a simple experimental point of view to allow students first-
hand experience and then extended further in other topics.  Instructors can change their 
classroom presentation to enhance science process and engage students.  Students in more 
advanced or honors classes could develop their own interactive Excel spreadsheets.  
Interactive Excel spreadsheets have proven to be valuable modeling tool for teacher training 
(see PSC CAST modules [21]).  
 
All materials and numerous other prebuilt spreadsheets plus instructions for developing 
interactive Excel spreadsheets available free to download are accessible at 
http://academic.pgcc.edu/~ssinex/excelets/matsci_excelets.htm.  For anyone who wants to 
take Excel to high-powered computations, see [22].   
 
This work was supported by the NSF Division of Materials Research Partnership for Research 
and Education in Materials (PREM) Grant Numbers DMR-0611595 and DMR-1205608. 
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Abstract:  Prompted by Eric Mazur’s 1997 book and his promotion of the practical classroom

techniques of peer instruction, many physics and engineering classrooms have evolved into 

activity-based studios for student learning and assessment, and Physics Education Research (PER) 

has emerged as a research field at many universities.  This philosophical change in the way 

teachers think about student learning has been accompanied by new classroom technologies that 

included video analysis techniques, student response cards (clickers), and a robust suite of sensors 

that bring classrooms and laboratories to life with the ease of plug-and-play data acquisition.  

PASCO Systems is one such sensor suite adopted at West Point in its introductory physics and 

math courses.  In the context of studying a vertical spring-mass system, a motion sensor that uses 

the echo of ultrasonic sound off of the bottom of the mass is a reasonable tool to analyze the 

harmonic motion and its dampening characteristics.  Unfortunately, the data does not match the 

models used in most introductory textbooks because these simplified models omit the torsion of 

the spring and constrain the problem to 2-D.  We have measured the impact of this omission to 

contribute to systematic error, and the rotation of the mass and the 3-D motion are easily observed.  

To complement these classroom activities, we propose using DIY-Modeling, which is a 3-D 

modeling-simulation program that generates realistic, game-like graphics for student visualization 

and experimental testing. A consortium of math, physics, and engineering educators from nine 

universities collaborated with a commercial software developer, Tietronix, to produce DIY-

Modeling.  The purpose of this paper is to address how DIY-Modeling might bridge gaps in 

existing classroom technologies and to develop spring-mass curricular materials that might be 

more generically applied to other physical systems where introductory models require more 

sophisticated analysis through modeling and simulation. 

Key words:  modeling & simulation, educational technology 

Introduction 

Prompted by Eric Mazur’s 1997 book and his promotion of the practical classroom 

techniques of peer instruction, many physics and engineering classrooms have evolved into 

activity-based studios for student learning and assessment, and Physics Education Research 

(PER) has emerged as a research field at many universities [1, 2].
  
This philosophical change in 

the way teachers think about student learning has been accompanied by new classroom 

technologies that included video analysis techniques, student response cards (clickers), and a 

robust suite of sensors that bring classrooms and laboratories to life with the ease of plug-and-

play data acquisition.  PASCO Systems is one such sensor suite adopted at West Point in its 

introductory physics and math courses.  In the context of studying a vertical spring-mass system, 

a motion sensor that uses the echo of ultrasonic sound off of the bottom of the mass is a 
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reasonable tool to analyze the harmonic motion and its dampening characteristics.  
Unfortunately, the data does not match the models used in most introductory textbooks because 
these simplified models omit the torsion of the spring and constrain the problem to 2-D.  We 
have measured the impact of this omission to contribute to systematic error, and the rotation of 
the mass and the 3-D motion are easily observed.  To complement these classroom activities, we 
propose using DIY-Modeling, which is a 3-D modeling-simulation program that generates 
realistic, game-like graphics for student visualization and experimental testing. A consortium of 
math, physics, and engineering educators from nine universities collaborated with a commercial 
software developer, Tietronix, to produce DIY-Modeling [3, 4].  The purpose of this paper is to 
address how DIY-Modeling might bridge gaps in existing classroom technologies and to develop 
spring-mass curricular materials that might be more generically applied to other physical systems 
where introductory models require more sophisticated analysis through modeling and simulation. 

The vertical spring-mass system 
Most introductory physics textbooks analyze the spring-mass system over several 

chapters dealing with force, energy, and oscillatory motion.  The physical system is rich with 
many important concepts that allow educators to cycle through the building blocks of Hooke’s 
Law, conservation of energy, and oscillatory motion under conditions with and without non-
conservative force or energy loss mechanisms.  So for example, students can examine a 
horizontal spring-mass system on which the mass moves back and forth along a nearly 
frictionless surface. It is relatively straight forward to model this as an exchange between kinetic 
energy (K) with spring potential energy (Us) and even with some friction the model can 
enhanced with an exponential dampening term.  What’s true in this case, is that the mass in 
confined to move along a 1-D track and consequently the spring is unable to exert a torque to 
cause the mass to spin.   

This constraint does not exist with a vertical spring-mass system in which one end of a 
spring is attached to a fixed point and a mass is attached to the spring’s other end.  Pulling the 
mass downward creates a dynamic that requires analysis of gravitational potential energy (UG) 
and the possibility of 3-D motion and rotation of the mass due to the torque exerted when the 
spring coils change in length.  In both the vertical and horizontal cases, the use of ultra-sonic 
motion sensors is commonly used by undergraduates in laboratories.  The vertical case produces 
results that may not be consistent with what undergraduates study in their textbooks.   

Motion sensor experiment 
A PASCO ultrasonic motion sensor was used with a Data Studio computer interface [5].  

The experimental set-up is shown in Figure 1. Distance measurements are from the sensor to the 
bottom of the hanging mass.  The motion sensor was calibrated using a target 84 cm from its 
face, and it operated in the “wide angle” setting at 100 Hz.  A 200-g mass was attached to a 
spring with a spring constant measured to be 2.75 N/m.   

The sensor and a series of hanging masses (50-300 g) were used to measure the spring 
constant.  The graph of distance to the hanging mass versus mass is linear, and its y-intercept 
represents the distance (d0) to the bottom of the mass with the spring un-stretched.  Figure 2 
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shows the results accounting for d0 and using a regression analysis to determine the spring 
constant.  The slope of this graph equals acceleration due to gravity (g) divided by k. 

Data Studio is used to measure the time dependent distance (d) between the sensor face 
and the bottom of hanging mass.  d0-d provides the distance that the spring is stretched (x) and 
hence the spring potential energy (Us=kx

2
/2).  Differentiating d(t) provides the mass speed (v) 

and hence its kinetic energy (K= mv
2
/2).  The minimum value for d(t) is used as the reference 

position (h=0) for the gravitational potential energy (UG=mgh).  Figure 3 shows these three 
energy terms and portrays the predictable differences in their phase and the exchange of energy 
between the three terms.  At the mass lowest position, UG is a minima, Us is a maxima, and K is 
zero because the mass is momentarily brought to rest.  At the highest position for the mass, UG is 
a maxima, Us is a minima, and K is zero because the mass is momentarily brought to rest.  The 
mass is moving the fastest at center height (equilibrium position) and this is where K is the 
greatest. 

Figure 4 shows the unexpected.  In cases when all energy terms are accounted, the sum of 
these three energy terms should remain constant (when only conservative forces are acting) or 
should exponentially decay (when non-conservative forces are acting).  The total energy is 
sinusoidal and exponentially decays which is explained by loss mechanism from non-
conservative forces.  The oscillation amplitude is approximately 0.02 J.  The spikes in the data 
are instances where the sound wave from the motion sensor misses the hanging mass and reflects 
of the ceiling of the lab room.  

Analysis 
Below in Figure 5 is a closer look at the data shown in Figures 3 and 4.  The scale 

permits a view of the exchange of the kinetic energy and the two potential energies considered to 
this point and a subtle view of the sinusoidal variation in the total energy.  The peaks in the total 
energy occur when the hanging mass is at its highest position, and the valleys occur when the 
mass is at its lowest position.  This can be explained with some consideration of the torsion 
potential energy related to the coiling and un-coiling the spring.  Bear in mind that the spring 
potential energy is more sensitive to changes in height due to the square of this term.   
At the lowest position of the mass, the spring is un-coiled and hence storing some potential 
energy in this system; without it, the mass would travel to a lower position and spring potential 
energy would be increased.  This would in effect raise the valley in the total energy.  As the mass 
moves upward, the spring is coiling resulting in the mass being slowed to rest at the higher 
position; without this, the mass would continue to a higher position and the spring potential 
energy would be decreased. This would in effect lower the peak in the total energy.  

During the experiment, the rotation of the hanging mass is evident, but so is the 
movement of the mass outside the vertical plane.  Like a conical pendulum, the hanging mass 
oscillates outside the vertical plane.  The spring-mass system is placed into motion with an initial 
displacement of the mass downward or initial force to provide kinetic energy. Even with the best 
intensions, the mass is not held to 1-D motion.  This pendulum motion provides another 
component of gravitational energy that was not included the initial model. This may contribute to 
the sinusoidal nature of the total energy seen in Figure 4, although the explanation is not so 
straight forward as with the torsion pendulum explanation.  Unfortunately, the motion sensor 
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cannot provide data on 3-D motion.  There are efforts at West Point to use video analysis and 
shadow projections to evaluate the departure of the spring mass system from 1-D motion.  This 
technique shows some promise although it is still being developed.  

DIY Modeling 
Modeling and simulation is not constrained by sensor limitations.  The ultrasonic motion 

sensor measures only relative distance between the sensor face and the object surfaced used to 
reflect the sound and so cannot examine the spinning of the hanging mass and its motion outside 
the vertical plane.  Graphics in the video gaming industry has helped to make educational 
modeling and simulation more realistic.  This coupled with strong computational capabilities 
have made modeling and simulation a reasonable complement to the educational technologies 
found in university teaching labs. 

DIYModeling was developed with this in mind.  A consortium of math, physics, and 
engineering educators from nine universities collaborated with a commercial software developer, 
Tietronix, to produce DIY-Modeling. The development was supported with a NSF Grant and the 
program, curricular materials, and example simulations are available for free at a Appalachian 
State University host site, http://diymodeling.appstate.edu/ .  The 2D simulations let your 
students see math and physics relationships and with DIYModeling you can: 

 use pre-built simulations from our library
 adapt simulations to your own needs
 build new simulations from scratch

The centerpiece of the DIYModeling project is software, called DIYModeling, that enables 
students, faculty, and curriculum developers to produce game-quality, three-dimensional 
simulations without knowing computer programming or knowing how to use software like 
Blender or 3dsMax. 

Building simulations requires understanding the underlying science and mathematics.  
For that reason, DIYModeling is particularly appropriate when you want your students to focus 
on the underlying science and mathematics.  Nonetheless, because of time constraints you may 
want your students to use pre-built simulations or to make small modifications in pre-built 
simulations. 

The spring mass system has been pre-built into DIYModeling.  The simplicity of the 
model is striking.  With just two equations defining a position and velocity vector, the math and 
physics package built into DIYModeling can do the rest and allow students to explore the 
behavior of this system.  Below in Figure 6 is an example dialogue window in which the spring 
mass system is modeled for oscillatory motion in 3-D.  Adding the rotation of the hanging mass 
is not much more difficult.  Once the model is defined, the next step is to run the simulation.  
Simulations in DIYModeling can be developed to provide slider bars to change initial conditions 
or physical parameters of the system like mass and spring constant.  The graphics allow for a 
change in perspective with the movement of a viewing camera.  And all of the dynamics may be 
recorded here using a graphing tool to display the results.   Figure 7 shows a screen shot for the 
spring-mass system.   
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Future work 
In the context of the spring mass system, DIYModeling has the capability to demonstrate 

and characterize the complex dynamics observe in the system and to bridge gaps in sensor data.  
The 3-D motion and the rotation of the mass can be modeled.  Right now what DIYModeling 
lacks is student assessment data.  That’s because there has been limited use with only eight 
collaborating universities, and even within those universities there are just a few faculty 
members to champion the embrace this new technology.  There is some learning curve to its use, 
but the word is getting out about its value as educational modeling tool.  At West Point, the 
Department of Mathematical Sciences and Department of Physics and Nuclear Engineering have 
faculty working together to develop DIYModeling Simulations and to prepare curricular material 
for use in our core introductory math, science, and engineering courses. The opportunities are 
rich since there are approximately 1,000 students in each of these courses. 
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Figure 2.  Linearization to determine spring constant 

Figure 3.  Harmonic motion with exchange of energy 
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Figure 4.  Total Energy 

Figure 5.  Total energy with kinetic and potential components 
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Figure 6.  DIYModeling, vector definitions for spring-mass system 

Figure 7.  DIYModeling, spring-mass simulation 
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Abstract:  The Nuclear Engineering (NE) curriculum at West Point is reinforced by the

modeling/simulation offered by the Monte-Carlo N-Particle Transport Code (MCNP5/X) 

developed at Los Alamos National Laboratory.  MCNP5/X can be used to model various 

nuclear engineering scenarios to include fundamental nuclear and atomic interactions, 

particle/photon transport, radiation shielding and detection, and nuclear reactor analysis.  

In the NE field, MCNP5/X is well respected and reliable, and its results offer excellent 

visualization for modeled scenarios.  At West Point, the faculty uses a cognitive 

apprentice model to implement student use of MCNP5/X over a two-year period of 

studies.  This is a three-phase developmental model that starts gradually with (1) faculty 

demonstrations and then with (2) student coaching in the laboratory context during the 

first year of the NE curriculum.  This development culminates with (3) student research 

and project design in the capstone experience during the second year.  Students enter the 

process as novices, and faculty use MCNP5/X to demonstrate fundamental interactions 

and to explore different scenarios that would be difficult to build experimentally.  Later 

in the curriculum, students become licensed MCNP5/X users, and they make 

modifications to faculty-prepared MCNP5/X input files that support activities in the 

laboratory. This first year builds student confidence and demonstrates the merits and 

limitations of MCNP5/X.  The next year begins with a two-week intensive MCNP5/X 

training program which includes an MCNP5/X project relating to the students’ capstone 

design project.  Students are required to use their MCNP5/X results to write a simulated 

conference proceeding (American Nuclear Society transaction).  This focus on results and 

publication seeds a methodology for the remainder of the two-semester capstone 

experience.  Students become MCNP5/X5 experts using the code for feasibility studies, 

validation, and in some cases critical calculations for their design project.  This paper 

discusses the MCNP5/X thread, the rationale for its methodology, an assessment of its 

effectiveness, and future modifications to the learning model.  

Key words:  MCNP, monte carlo transport, engineering technology 

Introduction 

Monte-Carlo methods have been used in examining nuclear interactions since the 

Manhattan Project.  Today, the Los Alamos National Laboratory Monte-Carlo N-Particle 

transport code (MCNP) is perhaps the most widely used nuclear engineering tool in academia 

and industry.  For example, the American Nuclear Society (ANS) annual meeting last summer 

included 16 talks having MCNP in their title and a special training session sponsored by the 

Department of Homeland Defense [1].  MCNP allows for 35 source particle types and a variety 

of calculations to include flux, dose, heating, criticality, and detector response [2].  The 

opportunities for educational use bridge major subjects taught in the Nuclear Engineering (NE) 
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Program at West Point: reactor engineering, radiation shielding, radiation detection, and nuclear 
weapons effects.  The use of MCNP in our curriculum may seem like an obvious choice.  It 
permits experimentation using virtual facilities requiring no capital investment in physical 
laboratories, and it enables the student use of a modern engineering tool, an ABET priority for 
our NE Program. However, MCNP use does not come easily to our student because it requires 
use of DOS command prompts and prescriptive input formatting that seems foreign to today’s 
undergraduate students. 

Historically, the use of MCNP has not been mandated in the NE Program, and the faculty 
competency in using MCNP has fluctuated without much attention to cross fertilize skill sets.  
For example, a student might take their first couple of courses without seeing MCNP, then 
encounter a faculty member employing an intensive but short term student use of MCNP, 
followed by a break in use for a semester or two, and then culminating with a capstone course 
that relies heavily on the use of MCNP.  This method resulted more often with a student aversion 
to MCNP rather than an embrace of its potential as an engineering tool that could often result in 
a publication, even at the undergraduate level. 

This work explores methods to overcoming these obstacles.  It employs a cognitive 
apprentice model developed in Physics Education Research (PER) over the past decade [3].  As 
introduced by Ken Heller’s research group at University of Minnesota, the faculty-student roles 
are defined in a Model-Coach-Fade progression.  Whereas Heller imbeds the progression within 
a semester-long physics course built around activities of solving context rich problems, this work 
expands the approach across the breadth of the five semesters of the NE program culminating 
with scholarly achievement in real-world capstone design project having importance to the 
Department of Defense.  This paper provides an introduction to the NE program environment, 
offers an approach to incorporating the Model-Coach-Fade MCNP progression into the program, 
presents three MCNP teaching examples, and then proposes future assessment tasks. 

The NE Program Environment 
The Nuclear Engineering Program environment is discussed using the framework of the 

students, faculty, lab and research facilities, and existing curriculum.  The NE Program is 
organized within the Department of Physics and Nuclear Engineering at West Point.  This 
Department’s principal task is to teach introductory, calculus-based physics to all West Point 
cadets during their sophomore year.  This enrollment is about 1000 students throughout the year.  
By comparison, the NE Program has an enrollment of about 200 students which includes about 
20 majors from each year group (60 total) after major selection early in the sophomore year and 
another 140 cadets taking the nuclear engineering 3-course core engineering sequence (CES), 
one of seven CES options required of all cadets at West Point.  The NE majors begin their 
studies in the same classes taken in the CES although the cadets taking the CES more generally 
reflect majors in the humanities and social sciences.   

The NE faculty is a blend of civilians and senior military with Ph.D.s and junior military 
with MS degrees who teach temporarily in the program for 1-2 years after teaching a year in the 
introductory physics course.  While the civilian and senior military faculty members typically 
have robust experiences with MCNP, the junior military experience with MCNP varies with their 
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recent graduate studies before joining the faculty at West Point.  Some used MCNP a lot while 
some never used it. 

 The NE facilities offer sufficient opportunities for experimentation.  The radiation lab is 
well equipped with radiation sources and detectors.  There are sufficient numbers of Geiger, NaI, 
and HpGe gamma detectors so that radiation laboratories can be done alone or in small groups.  
There are capabilities for laboratories with larger group sizes using a wide array of X-ray 
detectors, neutron gas-filled detectors, alpha/beta proportional counters, and alpha PIPS 
detectors.  While we have no reactor or a high energy electron LINAC, we take pride in our sub-
critical facility for fission, transport, and shielding experiments and a 3-MeV NEC Pelletron ion 
accelerator for Ion Beam Scattering (IBS) experiments.  Organic laboratory capabilities are 
enhanced by the presence of a Defense Threat Reduction Agency (DTRA) research located at 
West Point.  The Nuclear Science and Engineering Research Center (NSERC) is collocated with 
the NE Program and it serves to enable cadet research with DTRA and other DOD partners.  Its 
staff of three Army officers all has MCNP expertise, and they provide periodic teaching support 
to the NE Program.  Use of MCNP is intended to complement physical laboratories and to fill 
gaps with modeling and simulation when facilities are not available. 

Figure 1 shows the existing NE curriculum.  “Fourth Class” refers to freshman year, “3rd 
Class” is sophomore year, and so on.  Terms 1 is fall freshman year, Term 2 is spring freshman 
year, and so on to Term 8.  The white colored courses are the core curriculum required of all 
cadets regardless of major.  Yellow highlighted courses are taught by another department, and 
the gray highlighted courses are taught in the Department of Physics and Nuclear Engineering 
and are most easy to affect by implementing an MCNP educational thread.  As mentioned 
earlier, the nuclear engineering CES courses (NE300, NE350, NE450) are taken by the nuclear 
engineering majors and a cadet demographic that have predominantly chosen humanities and 
social science majors.  The list below Figure 1 shows the course titles. 

The MCNP Developmental Thread 
The cognitive apprentice model is an approach that may seem intuitive.  It guides the 

novice through a developmental process akin to a crawl, walk, and then run.  Correspondingly, 
the three phases of Modeling, Coaching, and then Fading define the roles taken by the expert, in 
this case the faculty member, when guiding the novice in transforming rudimentary skills to 
expertise.  In the case of the MCNP thread in the NE Program, this will be deliberately 
conducted over the last five semesters (Terms 4-8) of the curriculum shown in Figure 1.  Table I 
defines essential roles for the faculty and the students, and Figure 2 shows how these three 
phases will be used in the NE Program’s proposed MCNP thread.   

The Modeling activities are accomplished in NE300, NE350, and NE450 which are the 
three courses that begin studies for the NE majors and that encompass the entire NE Core 
Engineering Sequence for this non-engineering population. This can begin with demonstrating 
with MCNP calculations the photon interactions (photo electric effect, Compton scattering and 
pair production) taught in NE300. Photon scattering and uncollided flux can be plotted and 
visualized using MCNP.  Similarly, MCNP calculations and visual tools can be used to enhance 
studies of radiation shielding in NE350 and radiation dose in NE450. 
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The Coaching activities are accomplished in NE355 and NE452.  The first course focuses 
on neutron transport and reactor kinetics while the second course focuses on radiation shielding 
and detection.  The courses occur in sequential semesters separated by the summer break.  One to 
two lessons dedicated to registering and installing MCNP are essential to successful coaching in 
NE355.  Simple MCNP calculations developed by the students are then used as a transition from 
the Modeling phase to the Coach phase.  In NE355, a simple calculation such as the transport of 
mono-energetic neutrons through a moderating water medium is used as a confidence-builder in 
this Coach phase.  The growth in competence is enhanced by providing students with faculty-
prepared complex MCNP calculation inputs (templates) that they can run, generate MCNP 
results, and then modify to examine the affects of changing input parameters.  One such template 
in NE355 is for the k-effective calculation for our sub-critical assembly or low-power critical 
reactor that we can visit at a nearby university.  Other calculation templates include the neutron 
detector response in a fuel assemble, complex radiation shielding and dose estimates in our lab 
facilities, and models of our gamma detectors in actual radiation environments.  The templates 
are the scaffolding that enables coaching, and using actual rooms, experimental set-ups, and 
detectors that students can enter, touch, and modify brings this modeling and simulation to life. 

The Fading activities are accomplished in the NE474 and the capstone design courses 
NE495/496.  In NE474, the students develop the MCNP input from scratch to help model a 
radiation safety solution for ill-defined scenario presented in a class project.  The capstone 
project is much broader in scale, and it centers around a client-based, real-life DoD problem.  
Students are organized in two person teams with a faculty mentor and a client either at DTRA, a 
national lab, or another Army Agency.  At this point in the MCNP developmental thread, 
students are expected use MCNP as an expert.  The faculty safety net is removed and the 
relationship with the student is more as a faculty research advisor. 

Scenario 1, MCNP Teaching through Modeling 
Scenario 1 examines the gamma emissions from three common sources 241Am (59.5 

keV), 137Cs (662 keV), and 60Co (1.17 and 1.33 MeV) modeled as a pencil beam incident normal 
to a 0.1-mm layer of lead.  This simple example can be used first in NE300 to help teach the 
three photon interactions (photoelectric effect, Compton scattering and pair production).  In 
MCNP, the photon current exiting the opposite side of the lead is calculated as a function of 
energy and scattering angle.  Figure 3 shows the photon current using the 137Cs source.  This 
result offers several teaching point such as photon attenuation as seen in the peak at the right 
reduced to about 14% of its initial intensity and the photoelectric effect as seen in the two low 
energy peaks corresponding to Pb L and L fluorescence at 10.6 and 12.6 keV, respectively. 

Figure 4 bins the photons emitted from the lead surface as function of scattering angle 
where the cosine angle is measured from the surface normal, e.g., cosine 1 is normal to the Pb 
surface and in the same direction as the original source photon.  Shown in Figure 4 are the 
MCNP results for the lower energy 241Am at 59.5 keV (at left) compared to the 137Cs source (at 
right).  The horizontal scales are different for obvious reasons.  Although the forward scattering 
for both cases are different due only to absorption differences (about a factor of 2) the order of 
magnitude difference in large angle scattering is due to the higher dominance of Compton 
scattering for the 137Cs source.   
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Not shown is the data for the 60Co source.  Visible in the MCNP results are the Pb K and 
K fluorescence at 75 and 85 keV.  But missing are the anticipated annihilation photons at 511 
keV, and the transmission is greater than what is expected when considering only uncollided 
flux. These disparities offer great opportunities in the first case to introduce energy resolution as 
with a detector MCNP energy bin size can obscure expected peaks and in the second place to 
introduce build-up factors due principally to Compton scattering. The initial MCNP teaching in 
NE300 now offers connections to topics in subsequent courses, NE452 and NE350.   

Scenario 2, MCNP Teaching through Modeling 
Scenario 2 examines the transport of a 14-MeV neutron emitted isotropically in a tank of 

light water.  This simple example can be used first in NE300 to help teach neutron moderation 
and fission cross sections.  In MCNP, the neutron energy spectrum is calculated using a point 
detector at 20 cm increments covering distances from 20 cm to 80 cm in water from the neutron 
source.  Figure 5 shows the moderation of the once monoenergetic neutrons to a broad spectrum 
of neutron energies after traveling 20 cm (left) in water and 80 cm (right) in water.  The neutron 
energy spectrum at 20 cm is relatively flat whereas the spectrum at 80 cm shows exponential 
decline at energies below 3 MeV.  Overall, the number of neutrons reaching the 80 cm point 
detector is about five orders of magnitude lower that at 20 cm, and these losses are far greater 
than what could be explained by 1/r2 losses due to solid angle.  The disparity offers a great 
opportunity to introduce diffusion theory and diffusion lengths which are studied later in NE355. 

Conclusions 
This work identifies a problem in effectively introducing MCNP as a modern engineering 

tool for nuclear engineers at West Point.  To help remedy these issues, this paper proposes the 
use of a cognitive apprentice learning model over a five-semester period in the NE curriculum.  
Specific roles for faculty and students are identified in the three phases: Model, Coach, and Fade.  
In effectively a chronological order, certain courses are mapped to each of the three phases, and 
example methods for executing the MCNP thread are discussed.  Finally, two example scenarios 
of using MCNP teaching through modeling are presented with MCNP results.  The first relates to 
photon interactions and the second relates to neutron moderation.  In both scenarios, the MCNP 
results can effectively cover material in the current course while motivating future studies in a 
subsequent course.  

Future Work 
 The seniors in class of 2013 had compartmented introductions to MCNP until this past 

fall when the NE curriculum provided these students with a 2-week MCNP course followed by 
their inefficient trial and error during the first semester of their capstone design project, NE495. 
As with previous cohorts, this had slowed progress on the capstone project.  Implementation of 
the proposed MCNP developmental thread will occur next year.  The graduating students in class 
of 2013 will serve as benchmarks for the changes.  Data will be collected in survey form relating 
to their confidence in using MCNP and their beliefs of its utility.  Performance based assessment 
data focused on MCNP expertise will be collected from capstone clients, mentors, and the NE 
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program senior faculty.  Additionally, embedded indicators will be established in those courses 
implementing the Model and Coach phases to assess whether MCNP has aided as an educational 
tool and whether this cognitive apprentice model has developed greater student expertise in 
MCNP use. 
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4th Class Yr 3rd Class Yr 2nd Class Yr 1st Class Yr 

Fall (1) Spring (2) Fall (3) Spring (4) Fall (5) Spring (6) Fall (7) Spring (8) 

CH101 CH102 PH201 PH202 NE350 SS307 HI301 HI302 

EN101 EN102 SS201 SS202 EN302 MA206 ME480 LW403 

MA103 MA104 MA205 L_204 PH365 PL300 NE450 NE474 

HI10_ HI10_ L_203 PY201 MC311 ME370 NE452 EE301 

IT105 PL100 EV203 MC300 MC364 MC312 NE495 NE496 

NE300 MA364 NE355 NE400 

Figure 1.  Existing Nuclear Engineering Curriculum

EE301:  Fund. of Electrical Engineering 

MA364:  Engineering Mathematics  

MC300:  Fund. of Engineering Mechanics 

MC311:  Thermal-Fluid Systems I  

MC312:  Thermal-Fluid Systems II 

MC364:  Mechanics of Materials  

ME370:  Computer Aided Design  

ME480:  Heat Transfer  
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NE300:  Fundamentals of NE 

NE350:  Radiological Engr. Design  

NE355:  Nuclear Reactor Engineering 

NE400:  Nuclear Engineering Seminar 

NE450:  Nuclear Weapons Effects  

NE452:  Instrumentation and Shielding    

NE474:  Radiological Safety  

NE495: Advanced Nuclear System Design 1 

NE496: Advanced Nuclear System Design 2 

PH365:  Modern Physics  

Model 
(expert demonstrates MCNP 
calculations) 

 Faculty teach particle interactions and confront student
misconceptions using MCNP

 Students relate theory to MCNP output and reconcile
differences

Coach 
(scaffold novice MCNP 
calculations) 

 Faculty facilitate students running MCNP

 Students modify MCNP input, run MCNP, analyze and
output in engineering lab/project

Fade 
(novice becomes MCNP 
expert) 

 Faculty challenge students with real world engineering
problems and serve as technical MCNP mentor

 Students use MCNP as an engineering tool to help solve
problems, develop MCNP input related to their capstone
design project, model and simulate data used for technical
conference presentation

Table I.  Defined roles in Model, Coach, Fade MCNP developmental thread 

Figure 2.  Course alignment with Model, Coach, Fade phases 

Term 4 Term 5 Term 6 Term 7 Term 8

Phase Soph Junior Senior

Model NE300 NE350 NE450

Coach NE355 NE452

Fade
NE474

NE495 NE496
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Figure 3.  137Cs 662 keV photon current emitted from 0.1 mm Pb surface. 

Figure 4.  241Am 59.5 keV (left) and 137Cs 662 keV (right) photon scattering from 0.1 mm Pb. 
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Figure 5.  14-MeV neutrons moderated in 20 cm of water (left) and 80 cm of water (right). 
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Abstract: Under criterion 3 of the Engineering Accreditation Commission (EAC) of ABET, 
engineering programs are required to have eleven documented student outcomes1, commonly 
referred to as “a through k.” Five of these student outcomes represent technical attributes that 
engineering educators are familiar with teaching and assessing. However, six of these student 
outcomes are, for many faculty members, difficult and purportedly subjective to assess. To add to 
the difficulty, programs are expected to use “direct assessment” for all student outcomes. This 
means that assessment should be based on actual student work or performance. Measurement of 
the kinds of competencies in these six outcomes seems to be difficult, especially to instructors in 
engineering and natural sciences. However, this type of measurement is familiar to instructors in 
the humanities and social sciences. This paper will discuss approaches to direct assessment of 
these student outcomes and make the case that these assessments need not be difficult, and have 
the potential to significantly improve student learning.  

Introduction: 
Under criterion 3 of the Engineering Accreditation Commission (EAC) of ABET, 
engineering programs are required to have eleven documented student outcomes 
[1], commonly referred to as “a through k.” Five of these student outcomes 
represent technical attributes that engineering educators are familiar with teaching 
and assessing. However, six of these student outcomes are, for many faculty 
members, difficult and purportedly subjective to assess. These include: 

(d) An ability to function on multidisciplinary teams 
(f) An understanding of professional and ethical responsibility 
(g) An ability to communicate effectively 
(h) The broad education necessary to understand the impact of engineering 

solutions in a global, economic, environmental, and societal 
context 

(i) A recognition of the need for, and an ability to engage in life-long 
learning 

(j) A knowledge of contemporary issues 

To add to the difficulty, programs are expected to use “direct assessment” for all 
student outcomes. This means that assessment should be based on actual student 
work or performance. Measurement of the kinds of competencies in these six 
outcomes seems to be difficult, especially to instructors in engineering and natural 
sciences. However, this type of measurement is familiar to instructors in the 
humanities and social sciences. This paper will discuss approaches to direct 
assessment of these student outcomes and make the case that these assessments 
need not be difficult, and have the potential to significantly improve student 
learning. 
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Accreditation, Outcomes and Assessment: 

Accreditation is a peer-review process for assurance of quality. Engineering programs in the U.S. 
need to be concerned with two kinds of accreditation: regional and ABET. A major difference is 
that regional accreditation accredits the entire institution, whereas ABET accreditation accredits 
individual engineering programs. Regional accreditation in New Jersey and nearby states, plus 
Puerto Rico and the U.S. Virgin Islands, is conducted by the Middle States Commission on 
Higher Education (MSCHE). 

MSCHE accreditation2 requires evaluation of 14 “standards,” whereas ABET accreditation is 
based on evaluation of eight “criteria.” Both include requirements that programs define learning 
outcomes at several levels (e.g. course-level and program-level) and demonstrate that students 
achieve those learning outcomes. Learning outcomes are defined by ABET as [1]: 

Student outcomes describe what students are expected to know and be able to do by the 
time of graduation. These relate to the skills, knowledge, and behaviors that students 
acquire as they progress through the program. 

ABET Criterion 3 requires that programs that they accredit demonstrate that students achieve 
eleven outcomes, known as the “a through k,” in addition to any other outcomes specified by the 
program.  

MSCHE requires of all educational offerings (in standard 11) [2]: 

• program goals that are stated in terms of student learning outcomes;
• periodic evaluation of the effectiveness of any curricular, co-curricular, and extra-

curricular experiences that the institution provides its students and utilization of
evaluation results as a basis for improving its student development program and for
enabling students to understand their own educational progress

ABET distinguishes between assessment and evaluation. In simple terms, assessment is the 
collection of data demonstrating achievement of outcomes; whereas evaluation the interpretation 
of the data and other evidence that result in decisions and actions for making improvements to 
the program.  

Both MSCHE and ABET further require that institution and programs, respectively, demonstrate 
that the results of assessment and evaluation are used to produce improvements. This is referred 
to as “closing the loop.” 
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Direct assessment 

MSCHE standard 14 describes what is meant by direct evidence for use in assessment [2]: 

“Tangible examples of student learning, such as completed tests, assignments, projects, 
portfolios, licensure examinations, and field experience evaluations, are direct evidence 
of student learning. Indirect evidence, including retention, graduation, and placement 
rates and surveys of students and alumni, can be vital to understanding the teaching-
learning process and student success (or lack thereof), but such information alone is 
insufficient evidence of student learning unless accompanied by direct evidence.” 

ABET does not require direct assessment explicitly. However, program evaluators (PEVs) are 
trained to question whether assessment that does not include direct assessment has adequately 
demonstrated that students are actually achieving the learning outcomes.  

Thus, direct assessment is a necessity. But direct assessment for the outcomes described here is 
also a stumbling block for many programs. Being outside the technical “box” that engineering 
instructors sometimes confine themselves to, assessing these outcomes requires a little creativity. 
This paper proposes approaches that would satisfy the need for direct assessment of these kinds 
of student learning outcomes.  

Criterion 3-d: An ability to function on multidisciplinary teams 

This criterion may be interpreted in different ways. Some programs consider this to require 
actual participation in multidisciplinary design projects. This would require projects, such as 
capstone design, incorporating elements outside the specialty. Some programs try to create 
capstone projects that involve students from multiple engineering disciplines. While this can 
satisfy the requirement, a closer reading yields both a different interpretation and an approach to 
assessment: Students can demonstrate the ability required by criterion 3-d by showing their 
understanding of what information they need to share with other specializations as part of the 
design process. For example, plants designed by chemical engineers or environmental engineers 
require data from laboratory-scale tests, and their design specifications are in turn used by civil 
engineers and power engineers, among others, to complete the project. Many product designs 
require interaction between mechanical and electronic engineers.  

This interpretation does not require that capstone design projects actually be multidisciplinary. 
Although that would be desirable, it would be impracticable to make this a requirement. This 
serves the need for an interpretation that could apply to all projects.  

Direct assessment of this capability could be done by requiring students to include a section in 
their capstone design report that lists engineering disciplines other than their own that they would 
interact with, and what kinds of information would be exchanged. Specifically, they would have 
to describe the information that they need from other disciplines, and what information would 
other disciplines need from them. A grade on that specific section of the report would then serve 
to provide data for assessment of this criterion. 
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Criterion3-f: An understanding of professional and ethical responsibility 
Criterion 3-h: The broad education necessary to understand the impact of engineering 

solutions in a global, economic, environmental, and societal context 
Criterion 3-j: A knowledge of contemporary issues 
 
These three outcomes can be dealt with similarly to each other. Even before these became 
required outcomes, programs often would mention such outcomes as being important. But 
equally often, they were incorporated into curricula only as presentation items, if covered 
explicitly at all. In any case, students were not being required to do any related work. It is well-
recognized, however, that students learn best when they have to do something themselves.  
 
Therefore, programs must ensure that there are discrete modules covering these topics 
somewhere in their curriculums, and preferably in multiple contexts. For example, an 
introductory course could include a lecture on the regulatory environment affecting the field. 
Then, the capstone design report could require a discussion of regulatory issues, if any. 
Contemporary issues, societal issues, etc., certainly are easily fit throughout the curriculum. 
Besides preparing the students for their profession, these can also make the subjects more 
interesting to them.  
 
Ethics can be presented in two ways: general ethics and professional ethics. For the latter, all 
engineering professional societies have a code of ethics. Most are based on the NSPE code of 
ethics [3]. These tend to be rule-based and prescriptive, and do not provide a wide basis for 
moral reasoning. However, they are valuable as a starting point. There are many web-based 
resources available to assist in teaching professional ethics and that provide exercises for 
students and other resources [4-9]. Beyond the issues raised by the professional codes are 
workplace issues, such as dilemmas between an individual’s responsibility to their employer 
versus responsibility to the public, issues of fairness in treatment of employees, whistle-blowing, 
etc. These can be folded into the professional ethics modules.  
 
Besides professional and workplace ethics, it would be beneficial for the student to be introduced 
to general principles of ethical reasoning and bases of ethical principles (e.g. utilitarianism, 
pragmatism, rule-based, etc.) and to assign students a homework problem in applied ethics.  
 
Some fields may have particular ethical principles, such as bioethics for bioengineering and 
environmental ethics for environmental engineering (or, actually, any engineering discipline). 
These could form a third ethics topic in those fields.  
 
Student work related to ethics will likely take the form of a writing assignment. It could be a 
paper describing principles of ethics, or an assignment to analyze an ethical dilemma in one of 
the categories just described. Of course, including an assignment immediately solves the problem 
of direct assessment, as long as the assignment is graded.  
 
For writing assignments for Criteria 3-h (impact of engineering) and 3-j (contemporary issues), 
there is a convenient source of information that will also contribute to students’ learning in 
Criterion 3-i (life-long learning). This is the utilization of the professional literature. Professional 
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societies publish magazines (as opposed to their research journals) that are an excellent source of 
information on current issues, controversies, societal impacts both on and by engineering, etc. 
An example of an assignment utilizing this resource would be to require students to write a three-
page critical analysis of a magazine article from the professional society magazine for their field. 
The same assignment could require the students include separate sections in the paper 
(distinguished by separate headings) that address the impacts described in Criterion 3-h and 3-j.  
 
 
Criterion 3-g: An ability to communicate effectively 
 
It has become a stereotype of engineers that they are not effective communicators. Yet 
employers consistently tell us that the capability of graduating engineers that most needs 
improvement is not their technical competency, but their ability to communicate. If an engineer 
is unable to communicate their results well, it may be said that the job has effectively not been 
done at all. Communications for an engineer means not only narrative prose, but graphical 
communications and presentation of computations.  
 
The separate writing assignments previously described for outcomes related to ethics, societal 
context and contemporary issues could also receive a broken-out grade for writing and 
organization. The same can be applied to the capstone design report. Many institutions have 
organized groups in their humanities departments or student services to help students in other 
programs with their writing assignments. 
 
Furthermore, graphical and computational problem presentation should also be given a broken-
out grade in some of the traditional technical assignments, and used to contribute to direct 
assessment of this criterion. 
 
Sometimes, programs “offload” the teaching and assessment of communications to instructors in 
other programs, such as in the humanities. Ideally, however, instructors will take it upon 
themselves to model these competencies by making them part of the education that they provide 
themselves.This also enables them to tailor the requirements to those needed and used by 
engineers. Humanities writing assignments may lack many of the attributes of technical report 
writing needed by engineers.  
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Criterion 3-i: A recognition of the need for, and an ability to engage in life-long learning 
 
An appreciation of life-long learning has often been cited as a goal of higher education programs 
across the board. However, it was often aspirational. The curriculum in such cases was not 
explicitly designed to impart it, and it was not measured as a student outcome. It could be said 
that, since instructors themselves may exemplify this attribute, they hoped to impart it by 
example. However, ABET now requires that it be incorporated in curriculum design and that it 
be measured.  
 
Life-long learning has become the prototypical example for many instructors of an unmeasurable 
outcome. Part of the problem is the perception that it cannot be measured until a student exhibits 
the behavior after graduation. However, the criterion does not require that a student actually 
engages in life-long learning. It requires two separate things. The first is that the student should 
recognize the need for life-long learning. The second is that the student demonstrates the ability 
to engage in it. Both of these can be demonstrated within an engineering program.  
 
Consider how professionals continue to learn after their formal education is complete. How do 
they do that? Examples include the following:  

• Participation in professional society activities such as by attending conferences or making 
presentations to fellow professionals at conferences 

• Read the professional literature, whether trade journals (magazines) or research journals 
• Obtain and read books, even textbooks, to learn new skills on their own that could help 

them in their jobs 
• Subscribe to web-based newsletters in their field 
• Conduct internet searches for topics relevant to their field 

These are all activities that students may also engage in, exclusive of course requirements.  
 
The next step is to determine how this can be incorporated into the design of the curriculum. The 
answer to this is, at several points in the program, students should be incouraged to become 
student members of their professional society, be active in the student chapter if there is one, and 
then do the other things described. 
 
Finally, we need to directly assess student performance. Here, in contrast to most other 
outcomes, we may directly assess performance with a survey. It is direct if the survey is asking 
for factual information, not judgements or opinions.   
 
A good place to do such a survey is in the senior exit interview. For example, one of the 
commercially-conducted exit survey products [10] asks the following questions: 
 

• I have a good understanding of the professional opportunities offered by my chosen 
major. 

• I am planning to obtain an advanced degree in my field within the next 5 years. 
This same product allows the institution to add custom questions which can further explore 
Criterion 3-i. Example questions that could be used include: 
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• What materials related to your profession have your read, other than those that were part 
of your curriculum? How many? 

• Have you joined any professional societies? Which one(s)? Have you attended any 
conferences? 

• Did you join the student chapter of the professional society in your field? 
• Have you attended any professional presentations (e.g. seminars) on or off campus other 

than those required by courses? 
• Do you subscribe to any professional journals, magazines, newsletters, whether via web, 

email, or hardcopy? 
These measurements are easy to conduct (even without the use of the commercial survey 
product), and would provide the information needed to determine the degree to which students 
are achieving the curriculum. If student achievement in these areas is not satisfactory, then the 
progam would need to intensify its efforts to promote them (e.g. by providing free food at 
student chapter events!).  
 
 
Using complex assignments for multiple outcomes 
 
Often, as was mentioned above, the best place to measure some of these “soft” outcomes is in 
design reports, such as for the capstone design experience. Table 1 shows such a breakout for a 
junior-level design course designed as a preliminary capstone course. In this course the students 
work individually, to prepare them for the team-based senior design course the following 
semester. All grades are given on a 0.0 to 4.0 scale, with the usual interpretation.  
 
The grade in this course has three main components: homework problems, the written design 
report (with individual sections written and submitted at intervals during the semester), and the 
oral presentation. 
 
Note that the homework section includes several of the essay assignments such as are described 
in this paper. Each of those papers is judged by several broken-out criteria. For example, Table 2 
shows the grading break-out for a writing assignment on environmental law given to students in 
a sophomore-level introductory course in environmental engineering.  
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Table 1 – Grading spreadsheet for multiple outcomes 
 

 
  

Criteria Weight

St
ud

en
t 1

St
ud

en
t 2

St
ud

en
t 3

St
ud

en
t 4

St
ud

en
t 5

TOTAL GRADE 3.50 3.55 3.73 3.70 3.40
Homework 30% 3.80 3.40 3.60 3.70 3.60
Written Design Report 50% 3.31 3.58 3.84 3.84 3.23
Oral Presentation 20% 3.50 3.67 3.67 3.33 3.50

HOMEWORK (30%): 3.8 3.4 3.6 3.7 3.6
Magazine article review 4 3.5 3 4 4
Technical paper review 3.5 4 3.5 3.5 3.5
Ethics paper 3.5 3.5 3.5 3 3.5
System mass balance problem 4 2 4 4 3
Pump curve problem 4 4 4 4 4
PID control simulation
Activated sludge optimization

ORAL PRESENTATION (20%) 3.5 3.7 3.7 3.3 3.5
Technical content/clarity 4.0 3.0 3.5 3.5 3.5

Visual presentation 3.5 4.0 4.0 3.0 3.5
Oral presentation 3.0 4.0 3.5 3.5 3.5

WRITTEN DESIGN REPORT (50%) 3.31 3.58 3.65 3.84 3.23
Writing 15% 3.0 3.5 3.5 3.8 2.5

Report organization * 15% 4.0 3.5 3.2 4.0 3.0
Introduction 10% 2.60 2.10 3.70 4.00 2.40

Goals/scope 4.0 3.5 4.0 4.0 3.0
Regulations & Standards 3.0 3.0 4.0 4.0 3.0
Multidisciplinary factors 0.0 0.0 3.0 4.0 3.0

Alternatives 3.0 0.0 4.0 4.0 3.0
Other factors ** 3.0 4.0 3.5 4.0 0.0

Technical Design 35% 3.58 3.78 4.00 3.63 3.33
Flow diagram 4.0 4.0 4.0 4.0 4.0
Mass balance 4.0 4.0 4.0 3.5 3.0

Unit process design 4.0 3.7 4.0 4.0 4.0
Layout 3.5 4.0 4.0 3.0 3.0

Hydraulics 3.0 4.0 4.0 3.8 3.0
Pumping and Power 3.0 3.0 4.0 3.5 3.0

Controls (optional)
Economics 25% 3.00 4.00 3.50 4.00 4.00

Cost estimation 3.0 4.0 3.5 4.0 4.0
Optimization (extra credit)

* Organization: Executive summary, headings, references, etc.
** Other factors: Ethical, social, political, public 
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Table 2 – Grading table for essay on environmental law 
 

Items Weight Grade 
Writings and References 15%   
Summary of Legislative History 15%   
Summary of Major Provisions 15%   
Description of a Case History 15%   
Discussion and Conclusions 40%   
FINAL GRADE 100%   

 
 
 
Returning to Table 1, the grading break-out can be seen for the project written design report. 
Writing quality and organization separately count for 15% of the grade on the report. Separate 
items are graded for regulations and standards, which counts towards Criterion 3-h. Students are 
required to include a section on multidisciplinary factors as described above, in support of 
Criterion 3-d. The technical design section, of course, is also used to support Criterion 3, 
although not one of the factors we are concerned with here. Finally, the section on economics is 
broken out, and this grade is used to support the outcome in Criterion 3-h.  
 
Besides making it easier to directly assess student achievement of these “soft” outcomes, there 
are two additional benefits of this approach to grading: First, as this table is given to the students 
in their syllabus, it contributes to their understanding of what the professor is expecting of them. 
Secondly, it guides the professor in his grading, making it both easier and less subjective.  
 
 
Conclusion 
 
Several of the measures described here involve essay-type assignments. Specifically, at least 
three essays may be required, for Criteria 3-f (ethics), 3-h (impacts), and 3-j (issues). This is also 
a type of work that instructors in engineering and the natural sciences may not be familiar and 
comfortable in assigning. Nevertheless, it is imperative that we do so, and that we give those 
assignments and the corresponding learning outcomes the attention we give to technical work 
that we require of our students.  
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Abstract: The course of Microcomputer Systems Technology has been one of the core 
courses in the Computer Engineering Technology curriculum (Bachelor of Technology in 
CET) at the New York City College of Technology of the City University of New York.   
The Intel microprocessor in PC based computer was the chosen hardware in this course. 
The assembly and C++ languages were crucial tools in the study of microprocessor 
organization. We currently focused mainly on the topic of PC computer parallel interface 
technology. However, we did not pay particular attention to the integration of current 
programmable peripheral components, such as USB (universal serial bus) based 
input/output expansion peripheral for PC computers. Today, many microcomputers and 
laptops no longer use the parallel interface. Instead, they use the USB interface as an 
alternative. In this paper, an innovative Digilent PC-based USB I/O Explorer is being 
investigated for the Microcomputer Systems Technology course. The Digilent USB I/O 
Explorer provide various on-board I/O devices, which allows our students to write PC 
based software (C/C++) to interface to the external electronics devices, such as analog-to-
digital and digital-to-analog converter. The laboratory development is intended to give 
students better understanding of USB peripheral device. From this experience, students 
are also able to write application programs on the Windows operating system to access 
from a personal computer to various external Input/Output devices. The new labs 
developed on Digilent USB I/O Explorer aims to increase students’ competence in 
microprocessor system programming and improve the learning quality of Microcomputer 
Systems Technology course. 

Key words: Computer Organization, Microprocessor, Computer Interfacing Technology, 
USB I/O Explorer, Lab Curriculum,  

I. Introduction 

Computer organization and Assembly Language are essential components for Computer Science 
[1], Computer Engineering [2], Software Engineering [3], and Information Technology [4]. Our 
Computer Engineering Technology Department of the New York City College of Technology of 
CUNY offers two plus two Bachelor of Technology program. After completing the first two 
years of Associate degree study on electrical circuits, digital logic, electronics, and Linux 
operating system, junior students must take Microcomputer Systems Technology (CET3510) 
with a laboratory component (CET3510L) to receive their bachelor of technology degree. This 
junior-level introductory course in microprocessors will allow students to: know how the 
hardware and software components of a microprocessor-based system work together; understand 
basic microcomputer architecture; identify the different binary data formats for the integer and 
the floating point number; to perform PC microprocessor ALU operations at the register level to 
study the x86 instructions of the Intel microprocessor; analyze the little Endian computer 
memory unit and memory address; explore the stack data structure; understand the relationship 
between C/C++ language to assembly language or machine instructions; gain hands-on 
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experience with microprocessor parallel interface; and develop PC based software (C/C++ or 
assembly language programming) to interface to the external electronics devices. Currently the 
High Level Assembly Programming Language [5] for Intel x86 Intel processors [6] is used as the 
tools to study the above topics. This Assembly language helps our students to gain an overall 
understanding of the interaction between computer hardware, operating systems, and application 
programs. For projects and laboratory assignments in I/O systems to the microprocessor, one of 
our current approaches is to utilize the parallel port to sense the input and trigger the output for 
connecting our own circuits to personal computer. For the parallel interface, there are total 25 
pins available for us. Some pins of the parallel port can be configures as either input or output, 
and some can be configured as bi-directions. We mainly focus on the PC computer parallel 
interface technology. We did not pay special attention to the integrating of current programmable 
peripheral components, such as USB (universal serial bus) based input/output expansion 
peripheral for PC computers.  
However many recent laptops and PC computers no longer have parallel ports. A new platform is 
currently being investigated for the Microcomputer Systems Technology course partly aided by 
an equipment grant from Digilent Inc. The Digilent USB I/O Explorer (Figure 1) provides various 
on-board I/O devices. It can be used as a platform to learn different interface technology such as 
USB, parallel, and serial interfaces. In this work, we integrate the x86 microprocessor interfaces 
and the Digilent USB I/O explorer board to conduct the new laboratory experiments in 
Microcomputer Systems Technology course in a four-year computer engineering technology 
curriculum. Section II discusses Laboratory Environment and Preliminary Study. Section III 
outlines the planned labs of the USB I/O expansion peripheral for PC. The conclusion is included 
in Section IV. 

II. Laboratory Environment and Preliminary Study

The x86 processor laptop or PC based computer consists of Visual C++ 2010 Express running 
Microsoft Window 7 Operating System. To expand the I/O capabilities of a PC, the Digilent 
USB I/O Explorer board (Figure 1) has to be connected to USB port of laptop or PC computer.  
This I/O Explorer is highly evolved device and provides various on-board I/O devices, such as 
switches, buttons, LEDs, speaker/buzzer. A number of connectors have up to 52 I/O pins for 
interfacing to off-board devices. It also has two channels10-bit A/D inputs and four channels 12-
bit D/A outputs (Figure 2) that can be used with analog-to-digital and digital-to-analog 
converters. Digilent Adept System Software Developer’s Kit (SDK) has to be installed to operate 
the I/O Explorer board itself, or through the I/O Explorer to devices external to the computer. 
To start our first lab design, we read a set of manuals, examples, and technical literature that are 
available from SDK package, free download from the company website.   
At the beginning, we download the SDK package and followed the instruction of “Building an 
Adept SDK Project in Visual Studio.pdf”.  Since the sample code is written by C++, we decided 
to download Visual C++ 2010 Express running Microsoft Window 7 Operating System. It took 
us for a while to navigate Configuration Properties > Linker > Input and add the required SDK 
library to Additional Dependencies field since the interface design for Visual C++ 2010 Express 
is different from early version of Visual Studio.  
The first sample code we tested is DgioDemo.cpp. This program provided us the basic view to 
interact with I/O explorer via eight slide switches, four DIP switches, four push button switches, 
and sixteen LEDs. Then we explored the sample source code DaioDemo.cpp for measurement of 
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analog input voltage. We observed the value of analog input voltage. However we can’t continue 
to modify the sample code to enjoy the I/O features since we don’t have the DAIO Module of the 
Adept SDK. Similarly, for the sample code DpioDemo.cpp and DemcStepDemo.cpp, we don’t 
have the Pmod8LD and DEMC Module. There are two options for us to integrate the USB I/O 
Explorer in our lab curriculum. We can purchase the different extended components such as 
DAIO Module, Pmod8LD, DEMC Module, or our students can build external devices based on 
their first two year Associate degree study. The most challenging part for our students is software 
programming. At two-year associated program, students didn’t have much opportunity to expose 
to C++ programming language. Most students are taking the introduction to C++ programming 
language in their junior level study.  

III. Intended Lab for USB I/O Expansion Peripheral for PC

The ability to view a hardware and software system as an integrated whole is crucial for 
computer engineering technology education [7]. The labs focused on developing microprocessor 
interfacing and PC based software for external electronic devices control, addressing the need for 
integrating a hardware/software system. Some of the new interface lab applications are still 
under development. They are LED interfacing, bipolar stepper motor control, and sine wave 
signal generator [8]. These labs for USB I/O expansion peripheral have to include the Digilent 
libraries of dgio.lib, dpio.lib, daio.lib to the application. 

LED Interfacing Lab: This lab introduces students to Digilent USB I/O Explorer board and PC 
based software C/C++ programming language. Students modify the dgio.cpp and explorer IO 
devices by Port 0 and Port 2. DGIO ports of 0 and 2 on the board provide general sensors and 
device interface (Table 1). The input can be received from slide switches, push button switches, 
and DIP switches. The computer software C++ programming processes the inputs by performing 
arithmetic and logic operation, looping, timing function. The outputs can be generated by 
different time periods. The sixteen LEDs were lit by different frequency duty cycle. 

Bipolar Stepper Motor Control Lab: This lab identifies the port and channel to generate step 
pulses and direction signal to drive a bipolar stepper motor. Students need to develop the correct 
algorithms in order to generate the pulse sequence indicated in Table 2. The driver amplifies the 
command generated by DPIO port to energize the motor windings. A bipolar motor requires 
some external device such as an H-Bridge circuit (Figure 3) to reverse the polarity of the winding 
and thus, powering one end of the coil pair reverses the flux. Choosing different time interval 
and step sequences will generates clockwise and anticlockwise motor rotation. 

Sinewave Signal Generation Lab: This lab clarifies that 12-bit D/A outputs are available to 
convert digital signal to analog signal. The 12-bit digital signal to analog signal converter (DAC) 
provides 4098 discrete voltage (or current) levels of output. In order to generate a sine wave 
signal from DAIO, we first need a table whose values represent the magnitude of the sine of 
angles between 0 and 360 degrees. The values for the sine function vary from - 1.0 to + 1.0 for 0 
to 360 degree angles. Therefore, the table values are integer numbers representing the voltage 
magnitude for the sine of theta. This method ensures that only integer numbers are output to the 
DAC.. The Table 3 shows the angles, the sine values, the voltage magnitude, and the integer 
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values representing the voltage magnitude for each angle with 30- degree increments. To 
generate Table 3, we assumed the full- scale voltage of 10V for the DAC output. Full- scale 
output of the DAC is achieved when all the data inputs of the DAC are high. Therefore, to 
achieve the full-scale 10V output, we use the following equation: 

Vout = 5 V + ( 5 × sin θ). Since there are 4096 steps and full- scale Vout is 10 volts, we simply 
multiply the Vout voltage by 40.96 

IV. Conclusion 

We are currently developing new labs to apply USB based input/output expansion peripheral for 
PC computers. The lab applications implemented in this project reinforce the arithmetic 
operations, looping, subroutines, logical operations, LED interface, and traffic signals control. 
The lab projects are intended to give students a quick understanding of the instruction set, 
programming and operation of a microprocessor. A chosen lab is planned in the future academic 
year. 
 

 

Figure 1 USB I/O Explorer Board 

 

Figure 2 USB I/O Explorer Block Diagram 
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Port 0 Channel 0 16 bits digital  OUT 16 LEDs  
Channel 1 8 bits digital IN 8 Switches  
Channel 2 4 bits digital IN 4 Push Button Switches  
Channel 3 4 bits digital IN 4 DIP Switch 

Port 2 Channel 0 Single value, ranged OUT Speaker/Buzzer frequency 
Table 1 DGIO Port 

  
Step Bit 3 ( b) Bit 2 (Φb) Bit 1 ( a) Bit 0 (Φa) 
0 0 1 0 1 
1 1 0 0 1 
2 1 0 1 0 
3 0 1 1 0 
Table 2 Bipolar Step Sequence 

 

Table 3 Angle v. Voltage Magnitude for Sine Wave 

 
  

Figure 3 H-Bridge (SN754410) schematics 
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Abstract: For years, many mechanical engineering technology students asked faculty members for 
opportunities to be exposed to real engineering work through internship or through hands-on 
design projects that enable them to learn the latest engineering technology used in the industry and 
gain valuable practical experience in the process. Thanks to a grant from National Science 
Foundation (NSF) Advanced Technology Education (ATE) division, in fall 2010, a Mechatronics 
Technology Center (MTC) was established in the department of mechanical engineering 
technology department to introduce the latest mechatronics technology to the students in 
mechanical engineering technology department as well as to the students in the computer 
engineering technology department. Many hands-on mechatronics designed projects have been 
created for students to learn the latest robotic/mechatronics technology either through classroom 
setting or through extracurricular design activities. As a result, many students were able to use the 
products they created for their design projects to participate in various competitions at the college 
level.  

In January 2011, MTC was asked by two high school robotic rookie teams, one from P-tech High 
School and one from Brooklyn Collaborative Studies High School (BCS), to help them to build 
robots for an upcoming FIRST Robotic Competition (FRC). FRC is an annual robotic competition 
event for high school students and is sponsored by a non-for-profit organization called For 
Inspiration and Recognition of Science and Technology (FIRST). Although the competition is for 
high school students, but the hardware and software used in building the robots reflect the cutting 
edge robotic technology used by many American companies.  Since the robotic technology used in 
FRC is so advanced, it is almost impossible for high school students to utilize them without the 
help from outside help. This presents an excellent opportunity for the City Tech students because 
some of them have been exposed to similar technology through their own hands-on mechatronics 
design projects. It also posts a great challenge because there are many new high tech contents used 
in FRC that most college students have never been exposed to.     

This paper presents a result on how both college and high school students benefitted from a 
collaborative learning project on which college students served as mentors to help high school 
students to build 100-lb robots for FRC. 

Keywords: Cognitive learning, experiential and cooperative learning, hands-on learning. 

1. Introduction

One of the problems that many engineering technology students face when 
looking for their first engineering job is: Do you have relevant experience? 
Employers prefer graduates with relevant experience to those without. Why is 
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experience so important to employers? Can students accumulate “working” experience while 
studying in college? Where and how can students gain valuable engineering experience in the 
college environment? For years, many mechanical engineering technology students asked faculty 
members for opportunities to be exposed to real engineering work through internship or through 
hands-on design projects that enable them to learn the latest engineering technology used in the 
industry and gain valuable practical experience in the process.  

Thanks to a grant from National Science Foundation (NSF) Advanced Technology Education 
(ATE) division, in fall 2010, a Mechatronics Technology Center (MTC) was established in the 
department of mechanical engineering technology department to introduce the mechatronics 
technology to the students in mechanical engineering technology department as well as to the 
students in the computer engineering technology department. Many hands-on mechatronics 
designed projects have been created for students to learn the latest robotic/mechatronics 
technology either through classroom setting or through extracurricular design activities. One of 
the activities is to help high school students to build 100-lb robots to compete in FIRST Robotic 
Competition (FRC). 

To change the views of young people about the science and technology, Dr. Dean Kamen, an 
inventor and entrepreneur, founded FIRST (For Innovation and Respiration of Science and 
Technology) in 1989 to engage high school students in science and technology activities through 
building sophisticated heavy-duty robots and participating in FRC.  Since the technology used in 
FRC is quite advanced for most high school students to understand, FIRST asks high school 
robotic teams to work with outside professional engineers. When asked by the two high school 
teams for help, Professors who were in charge of the daily operations of MTC saw this was an 
excellent opportunity for City Tech students to learn to serve as the “outside professional

engineers”, using what they have learnt in MTC to help high school robotic teams to build the 
robots. Since each high school robot team was given six weeks to finish building the robot for 
the FRC, it put a lot of pressure for the college students to design, build, test, and program the 
robots in such a short time frame. This paper documented some details of these activities and 
demonstrated how college students benefited from this unique opportunity to practice 
engineering.   

2. Cutting-Edge Robotic Technology Used in FRC

Although the FIRST Robotic Competitions are high school events, the hardware and software 
used in FRC are by no means high school stuff. In fact the robotic technology used in FRC 
represents the cutting-edge technology used in the industry. Companies are using these 
components to make actual commercial products.  However, building a robot for FRC is not 
cheap. The cost for a high school team to participate in FRC is at least $10,000. 

2.1 Robot Controller 

The robot controller for FRC is made from National Instruments. It’s called Compact Real Time 
Input & Output Controller (cRIO). The cRIO supplements its PowerPC processor with an FPGA 
controller and plug-in modules used to interface with IO. The FPGA controller is loaded with a 
provided image which provides functionality such as Quadrature decoders and analog 
accumulators as well as implements safety features. The cRIO is powered by a 24V power 
source and communicates with computer through D-LINK DAP 1522 wireless router. CRIO is 
considered one of the best robot controllers used in the industry [1]. Figure 1 shows a cRIO 
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equipped with a NI 9403, 32-channel digital IO module; a NI 9021, 8-channel analog input 
module; and a NI 9472, 8-channel, 24V logic, sourcing digital output module.     

 
2.2 Electrical Components 

The electrical components used in FRC are made from vendors for real product design and 
development. Figure 2 shows a variety of motors and motor controllers used in FRC. 

 
2.3 Pneumatic Components 

To enable high school students to utilize pneumatic power to construct more functional robots, 
state-of-the-art pneumatic systems which include compressor, valves, and pistons as shown in 
Figure 3. 

 
2.4 Software 

Sophisticated software such as JAVA, C++, and LabVIEW are being used to program the robots 
through powerful cRIO robot controller. WPI provided the library needed for the software to 
communicate with the hardware used in FRC [3]. 
 
3. Challenges for the College Students 

Because of the cost associated with teaching technology, many colleges and universities cannot 
afford to use robotic components for commercial and industry applications to teach robotic 
technology in the classroom. This resulted in a situation that the materials that many students 
learned from the educational robotic kits which use low voltage plastic motors that focus on a 
particular area only such as programming. The knowledge they learnt in the classroom might not 
be readily applied to design real products which require high voltage power source. Besides, 
most students have never been exposed the multidisciplinary field of robotics which require 
students to possess broad knowledge in mechanical, electrical/electronics, and programming. It 
takes times for the college students to develop the necessary knowledge and skills so that they 
will be able to help the high school students in FRC. As a result, to many college students, 
helping high school students to build FRC robots presented challenges. 
    
4. Practicing Engineering Through Hands-on Design Activities 

Thanks to a grant from NSF ATE, similar robotic technology used in the FRC was purchased in 
the MTC. Students were able to be exposed to the cutting-edge technology and work on their 
design projects as their coursework.  As a result, some of the students were able to help the high 
school students to build the FRC robots when FRC build season starts in January each year. 
 
Each year’s FRC competition is different. The team learns the details of the competition one day 
before the build season starts. The team then has only six weeks to build. The following 
discussed the activities related to building the robots for the 2013 FRC. It requires the teams 
build robots that can shoot Frisbee as well as to climb a frame at the end of two-minute 
competition. Two local high school robotic teams, P-tech High School and Brooklyn 
Collaborative Studies High School (BCS), were involved with this project. 

 
4.1 Mechanical Design 

When design a robot, the first thing the team has to do is to design a mechanical system that can 
accomplish to required tasks. Because of time constraint and limitations of fabrication capability 
of the machine shop, not all objectives can be accomplished. The team has to choose priorities. 
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One team wanted to put priority on build a mechanism that can shoot Frisbee effectively. The 
other team wanted to design a robot that can climb three levels on the tower frame. Based on the 
different demands of the two high school teams, the college students have designed and built two 
robots; one was mainly to shoot the Frisbee as shown in Figure 4. This robot uses four powerful 
CIM motors to drive the chassis frame that has six wheels. The Frisbee shooter uses two 
AndyMark RS 775 motors along with two Toughbox Nano gearboxes to provide enough speed 
and power to shoot the Frisbee. Two 12” Bimba pistons were used to design a hook mechanism 
that enables the robot to climb the first level of the tower frame. A VIAIR 090 air compressor 
was used to provide the compressed air to the two pistons. The highest pressure was set to 120 
psi. The working pressure was reduced to 60 psi through pressure regulators.   

 
Figure 5 is a computer model of a robot for P-Tech robotic team. This robot uses two Bimba 24” 
pistons in conjunction with two 12” pistons. The two 12” pistons enabled the robot to grasp the 
first level of the tower frame. The two large 24” piston would then be used to climb the second 
level of the tower frame. In the end, the two small 12” pistons would be released and used to 
climb the third level of the tower frame. 

 
4.2 Electrical Design 

Once the type mechanical systems were chosen, the team started to select actuators needed to 
accomplish the desired motion. Then proper motor controllers and sensors selected. Figure 6 
shows the schematic of actuators, motor controllers, and other electrical/electronic components 
used for the BSC robot. 

4.3 Pneumatic Design 

Both team wanted to have some kind of frame climbing capability. One team wanted its robot to 
climb three levels on the frame. The other team, which set its priority to shoot Frisbee, just 
wanted its robot to climb the first level. Pneumatic system turned out to be an effective way to 
design a climbing system. Figure 7 shows the pneumatic design for the BCS robot. 
 
4.4 Software Design 

Once the students finished the mechanical design and electrical/electronic design of the robots, 
the college students had to create computer programs to test the functionality of the robots. 
Software design involved programming each actuator to accomplish certain tasks that create the 
desired behavior of the robot for different competition scenario. There was an autonomous code 
which allows the robot to run without human interference. There was also a tele-operated portion 
of code which allows students to remotely control the robot during competition. Both teams used 
JAVA to program their robots. 
 
5. Final Products 

After six weeks' of hard work by the college students, two functioning robots were built. Figure 
8 is a physical prototype of BCS robot. As can be seen the robot follows closely with the 
computer model. 
 
Figure 9 is a physical prototype built for P-Tech team. It has four pistons that can be used to 
climb three levels on the tower frame. 
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6. Conclusions 

Students gained tremendous experience from this project. It allowed them to work under pressure, 
to work as a team, to communicate effectively with others, and to learn the new hardware and 
software. They learned how to choose different types of mechanical systems and fabrication 
methods, how to choose electrical components, and pneumatic components.  
 
This project allowed the students to be exposed to the robotic technology used in the industry. 
There are a lot of features of the hardware and software that have not been utilized. It takes time 
for the faculty members and students to learn how to utilize the advanced features that the FRC. 
This means that this type of hands-on activities needs to be sustained in order for faculty and 
college students continuously upgrade their knowledge and learn how to apply them in product 
design projects.  
 
Project based, cognitive and team learning activities are proven to be an effective way for many 
students to learn [4, 5]. Therefore this type of hands-on design activities should be encouraged 
by the college whenever possible. 
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Figure 1 cRIO from NI used in FRC 
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Figure 2 Motors and Motor Controllers used in FRC 

 

 
          Figure 3 Pneumatic Components used in FRC [2] 

 
Figure 4 CAD Model of BCS’s Frisbee Shoot Robot 
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Figure 5.  CAD Model of P-Tech's Frame Climbing Robot 

 
Figure 6 Electrical Design for BSC Robot 

 
Figure 7 Pneumatic Design of the BSC Robot’s Climbing Mechanism 
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Figure 8 A physical robot prototype for shooting the Frisbee 

 

 
Figure 9 A physical robot prototype for climbing the frame 
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Abstract: This paper discusses the use of microcontrollers from Digilent Inc. to engage 
undergraduate students in researches on mechatronics design and applications through hands-on 
design projects. Mechatronics technology has been identified as the top ten emerging technology 
of the 21st century. Almost all high tech products made in today are mechatronics products in 
nature on which microcontrollers are embedded into the products to function as the brain of the 
products. It is important to introduce the mechatronics technology and its practices into the 
undergraduate curriculums to prepare students with the knowledge and experience needed for 
them to seek employment in the areas of product design and development and in high tech 
manufacturing facilities. 

Digilent Inc.’s microcontrollers: ChipKIT uC32 and chipKIT Max32 were being utilized by the 
students to design mechatronics products such as apple collecting robots and robotic arm 
manipulators that have been widely used in production lines. Students learned valuable knowledge 
beyond their traditional disciplines as product design has become a multidisciplinary field that 
requires members in a design team to posse knowledge in other fields so they can communicate 
with each other effectively. Undergraduate research activities included the design and integration 
of effective mechanical systems and electronic systems; building; testing; and programming 
physical mechatronic products made by each design team. 

Keywords: Embedded system, mechatronics technology, undergraduate research projects. 

1. Introduction

Embedded systems have become very popular in recent years in product design 
arena due to the dramatic reduction in prices of microprocessors and 
microcontrollers. An embedded system is a stand-alone specialize computing 
device or system designed to perform limited computing functions reliably, 
securely and cheaply [1]. Robot controller is one of the examples of an embedded 
system in which the controller perform real-time computing to control the robot in 
response to surrounding environment.  

Traditional approach to product design was confined by disciplinary boundaries. 
There were seldom collaborations among engineers in different engineering fields.  
New multidisciplinary approach to product design however requires the engineers 
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to possess broad knowledge and skills beyond their disciplinary fields in order for them to 
effectively communicate with other members in a design team [2, 3]. 
 
 This is especially true for many small companies on which an engineer maybe required to 
perform many tasks that go beyond his/her originally field of study. To help college students to 
learn the latest multidisciplinary approach to product design, in the fall 2010, the departments of 
mechanical engineering technology and computer engineering technology introduced a hands-on 
design project in their respective capstone courses as well as in extracurricular undergraduate 
research projects. These hands-on design projects contained mechanical design, 
electrical/electronic design as well as software design components.   
 
In previous studies, various embedded systems such as Compact real-time controller (cRIO) 
from National Instruments, NXT brick from Lego Mindstorm, and Arduino family of 
microcontrollers from ATMEL were being used. 
 
In this study, chipKIT uC32 and chipKIT Max32, both provided by Digilent Inc, were being 
used by students in the machine design course of spring 2013. Students were required to design 
robots that can be used to collect golf balls on the floor. 
 
The uC32 board as shown in Figure 1 is made of powerful PIC32MX340F512 microcontroller 
which features a 32-bit MIPS processor core running at 80 MHz, 512K of flash program memory 
and 32K of SRAM data memory. The uC32 board provides 42 I/O pins that support a number of 
peripheral functions, such as URAT, SPI, and I2C ports and pulse width modulated outputs. 
Twelve of the I/O pins can be used as analog inputs or as digital inputs and outputs [4]. 

 
The Max32 board as shown in Figure 2 is made from the powerful PIC32MX795F512 
microcontroller which features a 32-bit MIPS processor core running at 80 MHz, 512K of flash 
program memory and 128K of SRAM data memory. In addition, the processor provides a USB 2 
OTG controller, 10/100 Ethernet MAC and dual CAN controllers that can be accessed via add-
on I/O shields [5].  
 
This paper presents an initial result of the educational/research project which includes 
mechanical design, electrical design, and software design. 
 
2. Mechanical Design 

The first phase of the design project was the design of mechanical components which include the 
design of drive train for the robot and the design of the golf ball picking mechanism.  Students 
were required to use computer aided design (CAD) software such as Autodesk Inventor to come 
up with a virtual design of the robot such as the ones shown in Figure 3. Then students were 
required to construct a physical prototype corresponding to the CAD models such as the ones 
shown in Figures 4.  
 
Students were first shown two videos which showed steps that an innovative product design 
company, IDEO, used when developing new product [6, 7].  Then students were divided into 
design teams. Each team was required to troubleshoot the two existing robots shown in Figure 4 
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and find advantages and disadvantages of each robot. Students were asked to perform additional 
research and come up with their own design of the mechanical system of the robots.   
 
3. Electrical Design 

Electrical design involves the study and research on types of motors, sensors, and motor 
controllers used in robots. This part was very challenging to mechanical engineering students 
because most of them lacked in-depth knowledge on electronics and electrical circuits. To help 
students to understand the basics about motors and motor controllers, a test unit as shown in 
Figure 5 was used to show students why motor controllers were needed to control the speed and 
direction of the motors.  

As indicated in Figure 5, a Pololu TReX DMC01 Dual Motor Controller was used in the test 
setup. One side of a dual motor controller was connected to Max32 board. The other side was 
connected to a gearmotor with encoder. A test program was created using Digilent’s mpide 
Integrated Development Environment (IDE) software. Once students learn how to interface 
motors through motor controllers, students will mount the testing unit on a testing robot as 
shown in Figure 6 to further study the inter-dependence relations between mechanical systems 
and electrical system. Finally students will be introduced on how to use sensors to control the 
robots using the information collected from the sensors. Students will learn how to use different 
communication protocols such as SPI, I2C, and CAN to interface with the sensors.  
 
4. Software Design 

To program the robot to achieve desired behavior, students need to come up with a strategy on 
software design. First students will be taught to create electrical circuits which contain motors, 
sensor, and led lights etc, using breadboard and use corresponding sample codes to control each 
component.  Figure 7 shows one such sample code. Once students understand how to control 
each component, they can develop the code for their robots. 

 
5. Preliminary Results 

Students have developed strong interest in working with this hands-on design project. Many 
students were willing to come extra days to finish their projects. This was an indication that 
students realize the value of the hands-on projects. This type of project based, research based, 
hands on activities are an effective way to learn technology which has also been reported 
elsewhere [8-10].  
 
Many teams were in a process of creating their own robots. For many teams, the robot chassis 
frame will be made of sheet metal. The sheet metal will be cut by water jet and then bent to 
shape. Students have begun testing their design concepts using either Tetrix gear motors or 
Pololu gear motors.  Students have also begun testing uC32 and Max32 boards to decide which 
one to use for their robots.  
 
The project introduces new materials to students that they never saw before. But because these 
topics are of interest to most students, they were willing to spend more time to engage in 
research on various topics related to their project.    
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More work needs to be done in the area of electrical/design and software design. Next step will 
be for students to test their robots using different sensors and control logic to control the 
behavior of the robots under a variety of scenarios. This will allow students to fully understand 
the multidisciplinary nature of product design and to gain important experience in the 
mechatronic product design.  
 
There is no doubt that this type of design activities are very challenging to the students. One of 
the considerations was to break down the design project into small components. Some of the 
components can be taught by professors who teach feeder courses. This will give students more 
time to understand various topics in different engineering fields and accumulate the knowledge 
step by step.   
 
More results of students work will be reported in future articles. 
 
Acknowledgement 

This project is partially funded by a grant from National Science Foundation (NSF) Advanced 
Technology Education (ATE) division. The award number is DUE 1003712.  Microcontrollers 
used in this project were provided by Digilent Inc. The authors appreciate the support from the 
NSF and Digilent Inc. greatly.  
 

References  

[1]  Embedded System: Smarts for Devices and Systems, www.embeddedsystem.com/ 
[2]   David G. Alciatore and Michael B. Histand, “Introduction to Mechatronics and  

Measurement Systems”, Third Edition, McGraw-Hill Company, 2007. 

[3] W. Bolton, “Mechatronics – Electronic control Systems in Mechanical and Electrical”. 4th 
Edition, Prentice Hall, 2008. 

[4] www.digilentinc.com/Products/Detail.cfm?NavPath=2,892,1035&Prod=CHIPKIT-UC32. 
[5] www.digilentinc.com/Products/Detail.cfm?NavPath=2,892,894&Prod=CHIPKIT-MAX32. 
[6] How to design breakthrough inventions, www.cbsnews.com/video/watch/?id=50138327n. 
[7] IDEO Shopping Cart Design Video, http://www.youtube.com/watch?v=M66ZU2PCIcM.  
[8] Fadel, Charles. 2010. “21st Century Skills - From Industry to Education and Back” October 

26-28, NSF ATE Principal Investigator Conference. 
[9] Bellanca, James and Brandt, Ron. (2010). “21st Century Skills – Rethinking How Students 

Learn” Solution Tree Press, 2010, ISBN 978-1-935249-90-0. 
[10] Thomas, Douglas and Brown, John Seely. (2011). “A New Culture of Learning – 

Cultivating the Imagination for a World of Constant Change”, ISBN-13 978-1456458881, 
ISBN-10 145658884. 

 

279

Proceedings of the Spring 2013 Mid-Atlantic Section Conference of the 
American Society of Engineering Education 

http://www.embeddedsystem.com/
http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,892,894&Prod=CHIPKIT-MAX32
http://www.cbsnews.com/video/watch/?id=50138327n


     
Figure 1. The chipKIT uC 32 Board  Figure 2. The chipKIT Max32 Board 

 

  
Figure 3. CAD Models 1 and 2 

 

 
Figure 4. Physical Robot Prototypes 1 and 2 
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Figure 5. Test Setup to Test Motor Controllers 

 

 
Figure 6. Testing Robot 

 

 
Figure 7. Sample Code  
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Abstract: When a doctor performs an endoscopic procedure, it is possible that a loop may be 
formed by the endoscopic tubing inside the patient’s body. This condition may potentially harm 
the patient seriously if the doctor who performs the procedure is unaware of the situation. This 
paper presents a technique on how to detect the formation of an endoscopic loop using stretch 
sensors.  A custom-made loop detecting device using the stretch sensors was developed. Upon 
bending, sections of the endoscope will elongate while other sections will be compressed. The 
changes in dimension of the stretch sensor result in changes in resistances that are ultimately read 
as changes in voltage by the microcontroller. Utilizing a stretch sensing material, the onset of a 
loop during an endoscopic procedure was accurately determined. The effectiveness of each 
configuration in detecting the formation of a loop is studied.  

This loop detecting device was designed in a way that it can be attached to an endoscope without 
significantly increasing the diameter of the endoscopic tubing. Once a loop is formed, the device 
will send a warning signal so the doctor who performs the endoscopic procedure can adjust his or 
her operation to avoid harming the patient.   

Keywords: Endoscopic loop detection, medical device design, undergraduate research projects. 

1. Introduction

Endoscopy is a medical procedure used for the purposes of diagnosing or treating 
many complications within the human body. The endoscopic procedure is an out-
patient procedure that usually does not require the patient stay overnight. As with 
all medical procedures though, a certain amount of risk is associated with the 
practice. An endoscopic procedure runs the risk of tearing tissue such as the lining 
of the stomach or the inside of the colon causing internal bleeding, inflammation 
or infection. The most common cause of these risks is due to looping of the 
endoscope within the body. Although the endoscopic procedure is carried out by a 
team of health care professionals, due to the limitations of the endoscope itself, 
loops occur within the endoscope that further increase the probability of risk. 
Currently, many of the Doctors administering the endoscopic examination rely on 
intuition to detect if a loop has formed. For the purposes of detecting these loops 
in a more accurate and dependable way, a reliable yet simple, inexpensive yet 
sophisticated, user-friendly sensing device with an emphasis on optimal efficiency 
and patient comfort was developed. 
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The device, which is called Loop-O-Scope the by team, revolves around a stretch sensing 
material installed onto an endoscope for the purpose of detecting loops. The method of detection 
relies upon the mechanical behavior of the endoscope while it undergoes a bend. Upon bending, 
sections of the endoscope will elongate while other sections will be compressed. These changes 
in length are then picked up by the sensing material and interpreted by a microcontroller. Should 
the microcontroller detect the onset of a loop, the system will alert the healthcare professional 
administering the endoscopic examination. 
 
2. Objective 

The main objective of this research project was to develop a loop detector prototype endoscope 
to help doctor to avoid harming the patient when performing the endoscopic procedure. While 
developing the loop detecting device, the team has to pay attention to followings:  
 Loop detection concept must be as simple as possible. 
 Medical technicians must easily grasp the theory behind the device in order to quickly 

troubleshoot and fix problems in case the instrument malfunctions. 
 Device must be simple to use so that end users with not have to take classes on how to 

operate the device.  
 Must not produce false loop forming signal. 
 Must be versatile. 
 Must provide optimum comfort and avoid stress to the patient and possibility of injuring 

the patient. 
 

3. Design Principle 

The device was designed around the mechanical principle of bending or flexure. The principle of 
bending states that when an object undergoes bending, the top fibers of the object will be 
stretched while the lower fibers will be compressed. The loop detector takes advantage of this 
principle simply because whenever any type of endoscopic loop forms, as shown in Figures 1 
and 2, the fibers of the endoscope will behave as the principle of bending suggests. By placing a 
sensor that is sensitive to these changes in dimension, we have a reliable way to detect loops as 
they are beginning to form. 
 
The stretch sensor, whose properties are shown in Table 1, is made of a silicone material. Its’ 
resistive value changes as it is stretched. A change in length of the sensor translates to a change 
in resistance value of the sensor. The sensing wire itself has an intrinsic resistance value and is 
pre-stretched during fabrication which is used as the standard value for an undisturbed 
endoscope. The Loop-O-Scope system uses the sensing material as a conducting wire and in 
conjunction with a 5-volt power supply, measures the change in voltage. As the endoscope is 
manipulated, the change in resistance value was interpreted by the microcontroller and should 
the values indicate the presence of a loop, a visual signal will alert the health care professional. 
 
The changes in dimension of the stretch sensor result in changes in resistances that are ultimately 
read as changes in voltage by the microcontroller. This is achieved by using the electrical 
principle of Ohm's Law. Ohm's Law states that a relationship exists between voltage, current, 
and resistance in an electrical circuit. A simple diagram, as shown in Figure 3, is commonly used 
to explain this relationship. 
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For the loop detecting system, a constant 5 volt supply was provided to energize the sensing 
wires. During a no-bend or zero deflection state of the endoscope, a constant baseline value for 
the voltage was first obtained. By keeping the current constant at all times, one can apply the 
Equation 1 shown in Figure 3 that shows how a change in resistance leads to a change in voltage. 
Voltage and resistance in this case are directly proportional to one another. Therefore, an 
increase in resistance would lead to an increase in voltage and vice versa. The microcontroller is 
programmed to detect these changes and interpret them as bends or loops. 
 
The functioning of the loop detection system is very similar to the way a multimeter, or to be 
more precise, similar to that of an Ohm meter. Ohm meters work by supplying a known voltage 
at known amperage through a circuit. On the return side of the multimeter, the positive leads read 
the level of voltage that has returned and interprets that as a resistance value. In fact, as many 
who have used Ohm meters would know, without a power source such as a battery, the device 
will not read any values at all. It would cease to function. Collecting and interpreting the values 
that the sensor receives is handled by an Arduino microcontroller. During normal operation, the 
endoscope will naturally bend and flex, a program was developed that can decide whether the 
endoscope is functioning normally or not. To detect loops in all direction, the sensing wire is 
arranged in a four-way configuration. The program itself is intuitive enough to detect in which 
direction – up, down, left, right – the endoscope is bending. The logic behind the program is 
shown in the flow chart in Figure 4. 
 
4. Alternative Methods 

During the early stages of development for the loop detection system, the team investigated 
several alternative methods that could potentially detect the bending and looping of an 
endoscope.  
 
One of the more popular methods for detecting bends is through the use of a standalone flex 
sensor as shown in Figure 5.  
 
Flex sensors are composed of thin layers of a variable resistive material sandwiched between two 
thin plates of conductive materials. Current is allowed to flow from one conductive layer to the 
other but is forced to pass through the layer of resistive material. Upon bending, the thickness of 
the resistive layer is decreased, bringing the conductive layers closer together. As the distance 
between the plates decrease, the resistance of the flex sensor decreases as well. While this 
method seemed extremely promising, the team encountered many problems with the flex sensor 
during early design stages. The problems related to the use of the flex sensor are: 
 
 Since the flex sensor is flat, its design only allows for bending about a single axis. This means 
it can only bend longitudinally (up and down) but not laterally (side to side). As already noted, 
an endoscope may bend in any of four directions. If mounted onto an endoscope, the flex sensor 
would not be able to detect loops in all these directions. 
 
 If the flex sensor is somehow mounted onto an endoscope in a four-way configuration such 
that it can detect loops in all directions, the flex sensor would be subjected to repeated lateral 
deflection. It has been found that this repeated deflection will cause the flex sensor to tear due to 
tensile stresses. 
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The next method that the team investigated was the use of a stretchable cloth-like conductive 
material as shown in Figure 6. The cloth is composed of silver plated nylon and elastic fiber 
fabrics. Depending on the direction in which the fabric is stretched, the conductivity either 
increases or decreases. Similar to the silicone stretch sensing material currently used in the Loop-
O-Scope system, the electrical value of the conductive cloth changes as it is stretched. While this 
too seemed promising, several problems with this material occurred as follows: 
 
 Unlike the silicone stretch sensing material, which can stretch several times its original length, 
the total amount of deformation the conductive fabric material may undergo is very limited. 
 
 While the conductive cloth does stretch, it is not elastic. The fabric itself will not recover from 
any deformation it undergoes meaning that once the fabric has been stretched, it will never return 
to its original length. We concluded that this material will never stand up to the repeated action 
of flexing that an endoscope undergoes during normal operations. 
 
 The cost per inch of the fabric also exceeds that of the stretch sensor material. At $29.95 per 
foot, the conductive fabric would have been an expensive alternative to the silicone stretch 
sensor.  
 
Finally, the team investigated the use of an inductor to detect endoscopic loops. The inductor is 
made of very thin 40 gauge copper wire as shown in Figure 7. As electricity flows through the 
copper wire, a magnetic field will build around the wire. Sensors placed anywhere near the 
inductor will then pick the magnetic flux emanating from the copper wire. With this method, the 
actual sensing can be done away from the endoscope. However, the team encountered several 
problems when using this method: 
 
 The magnetic sensors needed for this method to work have to be placed throughout the 
examination room. The sensors would also have to be extremely sensitive to pick up the low 
levels of magnetic flux from the endoscope. However, this level of sensitivity would then be able 
to pick up even the minutest of magnetism. Any electrical equipment in the examination room 
would therefore interfere with the ability of sensors to detect an endoscopic loop. 
 
 The complexity of the proposed inductance based loop detector would be well outside the 
scope of knowledge of medical professionals. One of the objectives of this project was to make 
the system easily graspable so that medical technicians can quickly troubleshoot and fix 
problems in case the instrument malfunctions.  

 
5. Computer Model 

As part of the design process, the team has reproduced an endoscope using the Autodesk 
Inventor 3D solid modeling program. The 3D computer model of the endoscope helped team 
members visualize not only the endoscope and its constituent parts, but how the sensor itself will 
be attached to the endoscope. Shown below is the finalized concept of the stretch sensor along 
with a detailed view of the sensor attachment as well as a section view of the guide rings. 
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6. Test Results 

Testing of the loop detecting system was done many times at lab. During repeated testing of the 
loop detector however, the team encountered several issues with the system. The biggest issue is 
that the test results would vary greatly between an endoscope sheathed with the PVC sleeve and 
a bare endoscope with exposed loop sensors. The bare un-sheathed endoscope produced steadier 
values and proved to be more reliable. However, once the endoscope was covered, pressure from 
the sheathing would be exerted onto the sensing wires and lead to mixed results. The values of 
bending would fluctuate randomly between wide ranges of values. While this can be adjusted 
for, the complexity and frequency of adjustment would be outside the scope of a health care 
professional. 
 
Alternative means of sheathing the endoscope were investigated and included using non-
conductive electrical tape, partially covering the endoscope only along the guide rings, and using 
a heat-shrinkable fabric. While each alternative allowed the loop detector to function normally 
for the first few bends, repeated bending would lead to the same problems as stated in the 
preceding paragraph.  

 
A single aspect from all the repeated testing did however prove promising. If the endoscope and 
subsequently the loop detector are allowed to relax between tests, the values would stabilize and 
not fluctuate as much. A proposed solution, one that is a combination of a mechanical and 
programming fix, was then conceived. By only partially covering the endoscope along the brass 
guide rings, the team relieved the sensor of some of the pressure from the heat-shrinking. Also, 
to account for the relaxation time, the program has been altered so as to dynamically change its 
threshold value based on the state of the sensor at any given time. With the alterations done to 
the endoscope, performance of the loop detector improved. On the test rig, the improvements 
proved to help the endoscope detect the loops more reliably and accurately.  
 
A stretch sensor circuit was constructed to detect the changes in voltage. Figure 10 and 11 shows 
the procedure to find the correct reference resistor. 
 
After some calculations as shown below and calibrations, the stretch sensor circuit was 
developed as shown in Figure 12.  
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7. Conclusion 

The team developed a low cost but effective way to detect the formation of loop. The loop 
detector alerts medical personal to the presence of a loop through two LED lights, one red and 
one green, mounted externally and away from the device. By changing the color of the fiber 
optic light between red and green during the insertion process, medical professionals would 
instantly be alerted to the presence of a loop. The final model can be seen in Figure 13.  
 
It is suggested that a hydrophobic polymer material [3] be used to coat the entire endoscope to 
protect the sensors. Many medical devices already make use of hydrophobic materials because 
they protect medical equipment from bodily fluids, moisture, and corrosion [4, 5]. Further 
research needs to be done in order to find a way for endoscope loop detection. 
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     Figure 1: Straight Endoscope       Figure 2: Bent Endoscope 
    Top fibers at original length, L    Top fibers elongated, DL has occurred 
 

 

 
Figure 3: Ohm’s Law 

 

 
Figure 4: Logical Flow Chart 
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Figure 5: Flex Sensor 

 
     Figure 6: Conductive Fabric [2]       Figure 7: Copper Wire Inductor 

 
Figure 8: Loop-O-Scope Loop Detector 

Detailed view of loop detector affixed onto an endoscope 
 

 
Figure 9: Guide Ring Cross Section 

Detailed view of loop detector affixed onto an endoscope 
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Figure 10: Measure & Record variable’s     Figure 11: Measure & Record variable’s 
resistor minimum value (most extreme     resistor maximum value (most extreme 

low condition) Rmin               high condition) Rmax 

 

 

Figure 12: Stretch Sensor Circuit 
 

 

Figure 13: Proposed Sensor 
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