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Philip Weinsier, TIIJ Editor-in-Chief 

As we in higher education and industry reflect back on 

the first decade in this new millennium, we realize that the 

sharing of ideas and resources is the best way for us to cre-

ate a better future for the next generation of students, fac-

ulty, and researchers. In the competitive and tight global 

markets of the 21st century, leading companies across in-

dustry have embarked on massive reorganizations, mergers, 

partnerships, and all sorts of collaborative projects with 

their like-minded peers and rivals in order to not only sur-

vive but grow and thrive. But, as industry changes with 

time, so must academia. Conversely, as academic R&D 

efforts provide advancements in technology, so must indus-

try provide a quick turnaround from concept to market. 

However, many academic organizations, journals, and con-

ferences have been slow to adapt and provide the necessary 

platforms for the dissemination of knowledge.  

 

Beginning in 2006, the editorial board of the Interna-

tional Association of Journals and Conferences (IAJC) em-

barked on groundbreaking and unprecedented efforts to es-

tablish strategic partnerships with other major rival journals 

and organizations to share resources and offer authors a 

unique opportunity to come to one conference and publish 

their papers in a broad selection of journals representing 

interests as diverse as those of the researchers and educators 

in fields related to engineering, engineering technology, 

industrial technology, mathematics, science and teaching. 

These efforts resulted in an innovative model of joint inter-

national conferences that includes a variety of organizations 

and journals. 

 

IAJC joint and independent international conferences 

have been a great success with the main conferences being 

held in the United States and regional, simultaneous confer-

ences, in other parts of the world.  In additional to bringing 

people together at its conference venues, IAJC attracts myr-

iad journals that wish to publish the best of what its atten-

dees have to offer, thereby creating excitement in academic 

communities around the world. IAJC is a first-of-its-kind, 

pioneering organization. It is a prestigious global, multilay-

ered umbrella consortium of academic journals, confer-

ences, organizations and individuals committed to advanc-

ing excellence in all aspects of technology-related educa-

tion. 

 

Conference Statistics: A total of 285 abstracts from more 

than 100 educational institutions and companies were sub-

mitted from around the world. In the multi-level review 

process, papers are subjected to blind reviews by three or 

more highly qualified reviewers. For this conference, a total 

of 80 papers were accepted. Most of these were presented 

and are published in the conference proceedings. This re-

flects an acceptance rate of less than 30%, which is one of 

the lowest acceptance rates of any international conference.  

 

This conference was sponsored by the International As-

sociation of Journals and Conferences (IAJC), which in-

cludes 13 member journals and a number of universities and 

organizations. Other sponsors were the American Society 

for Engineering Education (ASEE) and the Institute of Elec-

trical and Electronics Engineers (IEEE). Selected papers 

from this conference will be published in one of the 13 

IAJC member journals. Organizing such broad conferences 

is a monumental task and could not be accomplished with-

out the help and support of the conference committee, the 

division/session chairs and the reviewers. Thus, we offer 

our sincerest thanks to all for their hard work and dedication 

in the development of the outstanding 2011 conference pro-

gram. We personally hope you will seek them out to thank 

them for their fine work. 



Editorial Review Board Members 
 

Listed here are the members of the IAJC International Review Board, who devoted countless hours to the review of the 

many manuscripts that were submitted for publication. Manuscript reviews require insight into the content, technical expertise 

related to the subject matter, and a professional background in statistical tools and measures. Furthermore, revised manu-

scripts typically are returned to the same reviewers for a second review, as they already have an intimate knowledge of the 

work. So I would like to take this opportunity to thank all of the members of the review board.  

 

As we continually strive to improve upon our conferences, we are seeking dedicated individuals to join us on the planning 

committee for the next conferenceðscheduled for fall, 2012. Please watch for updates on our web site (www.IAJC.org ) and 

contact us anytime with comments, concerns or suggestions. On behalf of the 2011 IAJC-ASEE conference committee and 

IAJC Board of Directors, we thank all of you who participated in this great conference and hope you will consider submitting 

papers in one or more areas of engineering and related technologies for future IAJC conferences. 

 

If you are interested in becoming a member of the IAJC International Review Board, send me (Philip Weinsier, IAJC/IRB 

Chair, philipw@bgsu.edu) an email to that effect. Review Board members review manuscripts in their areas of expertise for 

all three of our IAJC journalsðIJME (the International Journal of Modern Engineering), IJERI (the International Journal of 

Engineering Research and Innovation), TIIJ (the Technology Interface International Journal)ðand papers submitted to the 

IAJC conferences. 
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THE ASCE STUDENT  CONCRETE BEAM  

 COMPETITION : A HOLISTIC  LEARNING  EXPERIENCE   
ððððððððððððððððððððððððððððððððððððððððððððððïðððï 

Nirmal K. Das, Georgia Southern University; David C. Griggs, Plant Vogle; Mackenzie T. Rowland, Georgia Southern University;  
Donald F. Singer, Georgia Southern University; Junan Shen, Georgia Southern University  
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The paper describes the following: 

 ǐ Competition details 

 ǐ Learning aspects, and 

 ǐ Georgia Southern University team experience 

 

Competition Details 
  

This competition [1] incorporates principles of both con-

crete proportioning and structural engineering. It requires 

problem-solving and reasoning skills in order to optimize 

the design and construction of an unreinforced concrete 

beam with special dimensional and material constraints. Up 

to 30 points are awarded to each team based on (1) sustain-

ability, (2) weight, and (3) flexural strength of its submitted 

beam. The weight and flexural strength reflect structural 

efficiency. The flexural strength is determined using a 

modified version of a standard flexural test. Sustainability, 

an increasingly common requirement in concrete mixture 

design, is evaluated based on the concreteôs constituent ma-

terials and their proportions.  

 

Required Dimensions and Features 
 

The external dimensions for the beam shall be 

5òwx6òhx20òl with a tolerance of Ñ ı inches on each of 

these dimensions. The outer 6ò x 5ò surfaces are referred to 

hereafter as the ends of the beam.  

 

The beam shall have one hole along which a 40-mm-

diameter ping pong ball can pass unobstructed from one 

beam end to the other. This hole shall have a centerline 

length of at least 19¾ inches and open only on the ends of 

the beam. All surfaces of the beam, including all hole sur-

faces, shall be free of any non-concrete debris at time of 

submittal. Failure to satisfy these dimensional requirements 

will result in disqualification from the competition.  

 

Concrete Raw Material Requirements  
 

Only materials listed below conforming to the corre-

sponding ASTM specifications are allowed to be used in the 

concrete of the submitted beam: 

 

 

Abstract 
 

In spring 2010, a new event called Concrete Beam Com-

petition was included in the American Society of Civil En-

gineers (ASCE) Southeast Regional Student Conference 

held at Auburn University, Alabama. About 18 schools par-

ticipated in the event. The competitionôs purpose is to de-

sign a 5òwx6òhx20òl beam having a hollow center large 

enough for a ping-pong ball to pass through, with the high-

est flexural strength and the lowest weight. This interesting 

and challenging event provided a unique learning experi-

ence for the civil engineering and civil engineering technol-

ogy majors, as it encompasses several important aspects of 

civil engineeringðmechanics of materials, reinforced con-

crete design and sustainabilityðso that students can clearly 

see actual applications of the theories they learn in different 

courses.  

 

Introduction 
 

In the spring of 2010, a new event called Concrete Beam 

Competition was included in the American Society of Civil 

Engineers (ASCE) Southeast Regional Student Conference 

held at Auburn University, Alabama. About 18 schools par-

ticipated in the event. As the name indicates, this competi-

tion is about testing concrete beams, but these are not typi-

cal beams. The most significant difference lies in the restric-

tion imposed that no reinforcement can be used in the beam. 

In addition, the beam must be hollow. Also, other restric-

tions apply with respect to the aggregates that can be used. 

With all these stipulations to be adhered to, the challenging 

goal is to design a beam of given dimensions made of cer-

tain types of ingredients (with limits on quantities for 

some), and with no reinforcement, to resist the largest trans-

verse load.  

 

This interesting and challenging event provided a unique 

learning experience for the civil engineering and civil engi-

neering technology majors, as it encompasses several im-

portant aspects of civil engineering ï structural mechanics, 

properties and behavior of Portland cement concrete, and 

sustainability so that students can clearly see actual applica-

tions of the theories they learn in different courses.  
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Portland cement (ASTM C 150)  

Fly ash (ASTM C 618)  

Slag cement (ASTM C 989)  

Chemical admixtures (ASTM C 494 or ASTM C 260)  

Coarse aggregate - No. 67 or No. 57 gradation (ASTM C 

33) [A minimum of 30% coarse aggregate by volume of 

concrete is permitted] 

Fine aggregate (ASTM C 33)  

 

Any source of potable water is allowed. No fibers, coatings, 

or any forms of reinforcement are permitted. 

 

Sustainability  
 

Teams are awarded points based on the overall sustain-

ability of their concrete mixture. Up to 10 points are 

awarded for this category.  

 

Fly Ash Use (percent by weight of total cementitious mate-

rial):  

15% Ò Fly ash content < 30% = 2 points  

30% Ò Fly ash content < 50% = 3 points  

Fly ash content Ó 50% = 4 points  

 

Slag Cement Use (percent by weight of total cementitious 

material):  

20% Ò Slag cement content < 40% = 2 points  

40% Ò Slag cement content < 60% = 3 points  

Slag cement content Ó 60% = 4 points  

 

Portland Cement Use:  

Portland cement content < 188 pcy = 4 

points  

188 pcy Ò Portland cement content < 282 pcy = 3 

points  

282 pcy Ò Portland cement content Ò 376 pcy = 2 

points  

 

Recycled Aggregate Use (percent by volume of total aggre-

gate content):  

To qualify as recycled aggregate for the purpose of this 

competition, aggregate shall be produced from construction 

or demolition waste of a real-world facility. Recycled aggre-

gate may not be manufactured by competitors by making 

concrete for the specific use of recycling it for this competi-

tion.  

25% Ò Recycled aggregate content < 50% = 2 points  

Recycled aggregate content Ó 50% = 4 points  

 

Beam Weight  
 

Teams are awarded points based on the overall weight of 

their beam. Up to 10 points are awarded for this category. 

Each beamôs weight is determined using a scale with accu-

racy to 0.1 lb. The team with the lowest beam weight is 

awarded 10 points. The team with the highest beam weight 

is awarded 1 point. All other points are determined using 

Equation (1) and rounded to the nearest tenth of a point. 

where W = teamôs beam weight, L = lowest weight and H = 

highest weight. 

 

Beam Flexural Strength 
 

The beam flexural strength is determined in accordance 

with ASTM C78 [2] specification. The test setup is shown 

in Figure 1. Load is applied perpendicularly to the length of 

the beam at a rate between 1,500 and 2,100 pounds per min-

ute until failure occurs. The load that causes flexural failure 

of the beam is recorded to the nearest pound. 

Figure 1. Flexural Strength Test Setup 

(adapted from ASTM C 78 2008) 

 

In this category, a team can achieve a maximum of 10 

points. The team with the highest beam failure load is 

awarded 10 points. The team with the lowest beam failure 

load (of all beams tested) is awarded 1 point. All other 

strength points are determined using Equations (2) and (3) 

and are rounded to the nearest tenth of a point.  

where P = teamôs beam failure load, Pmin = lowest load, and 

Pmax = highest load 



ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

 

Sustainability, strength, and weight of each beam are 

considered. Points are awarded in these categories as speci-

fied in previous sections. The points awarded in these cate-

gories are summed to obtain each teamôs total points for this 

competition. The team with the most total points wins this 

competition.  

 

Learning Aspects 
 

The important lessons to be learned from this competi-

tion event are related to (a) behavior of unreinforced con-

crete beams under transverse load and the effects of mix 

proportions on the beamôs behavior, and (b) the mechanics 

of materials concept related to flexure, e.g., effects of neu-

tral axis location and moment of inertia on flexural stresses. 

As the concrete beam is unreinforced, it will fail in a brittle 

manner, as soon as the maximum moment reaches the 

beamôs cracking moment (Mcr) obtained from Equation (4), 

which is Equation (9-9) of ACI 318 [3] 

where 

 fr = modulus of rupture of concrete (i.e. tensile 

strength of concrete in flexure)  

 Ig = gross moment of inertia of the beam cross-

section, and 

 yt = distance from the neutral axis to the extreme 

tension fiber of the beam cross-section 

 

The modulus of rupture (fr) of normal-weight concrete is 

given by Equation (5) which is Equation (9-10) of ACI 318 

Building Code [3] 

where fc
ô = 28-day compressive strength of concrete. 

 

For light-weight concrete, the modulus of rupture value 

needs to be modified using a multiplier. Several different 

concrete mix-proportions need to be tried to obtain an opti-

mum value of concrete compressive strength, hence an opti-

mum value of the modulus of rupture. 

  

It is common knowledge that concrete is very strong in 

compression, but quite weak in tension. An unreinforced 

concrete beam will behave elastically under applied trans-

verse load, and will fail in a brittle manner once the load 

becomes large enough to cause the maximum tensile stress 

to reach the modulus of rupture value. So, the maximum 

tensile stress due to flexure must be kept low, which means 

the yt value must be minimized, while maximizing the gross 

moment of inertia, Ig. In order to minimize the yt value, the 

centroid (through which the neutral axis passes) of the beam 

cross-section needs to be positioned as low as possible ï 

this necessitates that the hole in the beam has to be placed 

not at the center of the cross-section but instead somewhat 

higher. Also, the use of recycled aggregates and fly ash in 

making concrete instills an awareness of the importance of 

sustainability and environmentally friendly design and con-

struction.  

 

Georgia Southern University Team 

Experience 
 

The Georgia Southern University team understood that 

the two main ways to reduce weight of the beam included 

increasing the size of the cross-sectional void and creating 

the lightest concrete mix. 

 

The team experimented with several different mix de-

signs to find the lightest one with the highest strength. Dif-

ferent gradations of aggregates as well as the w/c (water/

cement) ratio were tried to find the best mix to meet the 

requirements. In order to do this correctly, they started with 

finding the gradation of the coarse and fine aggregates. Us-

ing this information, they then analyzed the different coarse 

aggregates to determine which should be used in the mix. 

They also experimented on the percent of additives to in-

crease workability and strength. They made many samples 

per mix and tested each one at 7-day and 28-day strengths. 

They used two different shapes to test the strengthðthe 

beam for flexural strength and cylinders for compressive 

strength (see Figures 2 and 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Beam and Cylinder Specimens Being Cured at 

GSU 
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Figure 3. One of Several Hollow Beams Cast at GSU 

 

In their final design, they implemented the use of recy-

cled aggregates to address the sustainability part of the 

competition. The percentage of recycled aggregates used 

was 60% of the total aggregates distributed between fine 

and coarse aggregates. The final mix design was 1 part 

cement with 16.5% Fly Ash and 60% Slag, 1.41 parts 

coarse aggregate, 2.53 parts fine aggregate and .28 parts 

water. The team used 10.5 mL of Super Plasticizer and 

118.25 mL accelerant. 

 

The Georgia Southern team was one of 18 participants 

at this competition event (see Figure 4), and performed 

quite well in the competition. The load at which their 

beam failed was 9120 pounds, the second highest load in 

the competition (see Figure 5). The team won second 

place with a total score of 24.1 out of a maximum 30 

points. The first-place winner scored 24.8 out of 30. 

 

Summary 
 

The Concrete Beam Competition at the 2010 ASCE 

Southeast Regional Student Conference is discussed in 

this paper. The competitionôs purpose is to design a 

5òwx6òhx20òl beam having a hollow center large enough 

for a ping pong ball to pass through, with the highest flex-

ural strength and the lowest weight. This interesting and 

challenging event provided a unique learning experience 

for the civil engineering and civil engineering technology 

majors, as it encompasses several important aspects of 

civil engineeringðmechanics of materials, reinforced 

concrete design and sustainabilityðso that students can 

clearly see actual applications of the theories they learn in 

different courses. 

 

Figure 4. GSU Beam Dimensions Being Checked at the Com-

petition 

Figure 5. Display of Failure Load (9,120 lb.) for GSU Teamôs 

Beam at the Competition 
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Abstract  
 

In digital transmission systems, jitter is a very important 

but less well-known phenomenon. With the clock frequency 

in digital systems becoming higher and higher, the jitter 

impact is more and more severe. It is urgent to measure jit-

ter accurately. This paper introduces the concept of jitter 

and the effect it has on digital systems. The corresponding 

international standard, from the International Telecommuni-

cation Union (ITU), on jitter is also introduced. A scheme 

will then be proposed to measure the jitter of a fixed-

frequency (2.048 MHz) PLL clock signal. This scheme uses 

digital methods with DSP as the core. It also employs CPLD 

in its implementation. This method has the advantage of 

being simple, cost effective and, at the same time, easy to 

implement. 

 

Introduction 
 

In the past decade, jitter has become a very important 

parameter to describe the quality of clock-pulse signals. In 

digital systems, clock frequencies have become higher and 

higher. With this increase in clock frequency, tiny changes 

in rising or falling edges will have a bigger impact on sys-

tem performance, such as the integrity of the data, setup and 

hold time of the data. The concept of jitter is described in 

the JEDEC Standard No.65 (EIA/JESD 65). It is described 

as ñthe shift of the controlled or affected edge in respect to 

its normal positionò. IEEE and ITU have similar definitions 

for jitter: ñThe short-term variations of the significant in-

stances of a digital signal from their ideal positions in time 

(where short-term implies these variations are of frequency 

greater than or equal to 10Hz)ò [1]. This means that jitter is 

an unwanted phase modulation to the original digital signal. 

The frequency of the change of the phase is defined as 

ñjitter frequencyò, as shown in Figures 1 and 2. 

 

When talking about jitter, one must consider a closely 

related concept, ñwanderò. The definition of wander is:  

ñThe long-term variations of the significant instances of a 

digital signal from their ideal position in timeò, where long-

term implies that these variations are of frequencies less 

than 10Hz [1]. In other words, wander is a very slow drift of 

the clock from its original value. Figure 3 shows the differ-

ence between jitter and wander in terms of frequency. 

 

Jitter can be classified as ñsystematic jitterò or ñrandom 

jitterò. Systematic jitter results from misaligned timing re-

covery circuits in signal regenerating devices or from inter-

symbol interference and amplitude-to-phase conversion 

caused by imperfect cable equalization. Systematic jitter 

depends on the system itself. Random jitter originates from 

internal or external interfering signals such as repeater 

noise, crosstalk or reflections. Random jitter is independent 

of the transmitted pattern [2]. 

Figure 1. Illustration of Jitter and Jitter Frequency [3]  

 

Figure 2. Another Illustration of Jitter  

Figure 3. Jitter vs. Wander [3] 
 

Jitter may deteriorate the transmission performance of a 

digital circuit. As a result of signal displacement from its 

ideal position in time, errors may be introduced into the 
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digital bit stream at points of signal regenerations. Slips 

may be introduced into digital signals resulting from either 

data overflow or depletion in digital equipment incorporat-

ing buffer stores and phase comparators. In addition, phase 

modulation of the reconstructed samples in digital-to-

analogue conversion devices may result in degradation of 

the decoded analogue signals. This is more likely to be a 

problem when transmitting encoded wide-band signal. 

 

Measuring Jitter 
 

To measure jitter, it is necessary to use jitter measuring 

devices. Jitter measuring devices are specialized telecom-

munication measuring devices. Examples of general meas-

uring devices include voltmeters, power meters, spectrum 

analyzers and noise meters. The requirements for general 

measuring devices are frequency range, signal waveform, 

dynamic range, ease of use, etc. For jitter measuring de-

vices, besides the above requirements, there are some spe-

cial requirements. Because in telecommunication systems, 

different communication equipment supporting devices are 

inter-connected. Therefore, measuring devices have to meet 

a uniform standard. The International Telecommunication 

Union (ITU) has set a series of standards for communication 

measuring equipment manufacturers. As one of these tele-

communication devices, jitter measuring devices have to 

comply with the international standards. 

 

The international standards related to measuring jitter are 

ITU-T.O171 and ITU-T.O172. The former is used to meas-

ure the jitter in Plesiochronous Digital Hierarchy (PDH) 

digital systems. The latter is used to measure the jitter in 

Synchronized Digital Hierarchy (SDH) digital systems. 

Other related standards are ITU-T G.823, ITU-T G.824, 

which regulate the corresponding parameters and values in 

jitter measuring devices in 2048 kbit/s and 144 kbit/s PDH 

systems, respectively. 

 

There are many different ways to measure jitter. An eye 

diagram provides the most fundamental, intuitive view of 

jitter. It is a composite view of all the bit periods of a cap-

tured waveform superimposed upon each other. In other 

words, the waveform trajectory from the start of period 2 to 

the start of period 3 is overlaid on the trajectory from the 

start of period 1 to the start of period 2, and so on, for all bit 

periods [4]. Shown in Figure 4 is an idealized eye diagram 

with very smooth and symmetrical transitions at the left and 

right crossing points. The eye shape will include systematic 

as well as random jitters. It also can display the time during 

which the signal can be considered effective. From this eye 

diagram, it is possible to judge how large the jitter is but not 

the quantitative parameters of jitter, such as jitter frequency 

and amplitude. 

Figure 4. Eye Diagram 

 

In industry, because of the rarity of jitter measuring de-

vices, innovative measurement solutions using general 

measuring equipment, such as digitizing oscilloscopes, logic 

analyzers, real-time spectrum analyzers, time-domain re-

flectometers, signal generators, high-fidelity probes and 

analysis software, have emerged to help deal with jitter 

measurement. High-speed, real-time digital storage oscillo-

scopes (DSOs) are the most versatile, flexible and com-

monly used instruments for jitter analysis [5]. On the Tek-

tronix website, the following Q&A shows how to use Tek-

tronix waveform monitors to measure jitter: [6] 

 

Q. How do Tektronix waveform monitors measure jit-

ter and why does it disagree with an oscilloscope? 

 

A. The WFM700, WFM7000 and WVR7000 series 

instruments measure jitter using a phase demodula-

tion method whereby the clock is extracted from 

the SDI deserializer and is compared against an 

internally generated stable clock signal. A peak 

detector is then used to measure the actual jitter 

value. 

 

Most oscilloscopes use a method where the serial signal 

is sampled and measurements of jitter are made directly 

from that samples eye pattern. These two approaches can 

sometimes result in slightly different jitter measurements 

however the SMPTE standards for measuring jitter in SDI 

signals specify the use of the phase demodulation method 

described above and implemented in our waveform moni-

tors. (See Figure 5) 

 

Although these aforementioned methods can measure 

jitter, the problem with these methods is their high cost.  
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Figure 5. Block Diagram for Measuring Jitter [7] 

 

Most of them use expensive, general-purpose high-

resolution measurement devices. In this paper, the authors 

propose a simple and cost-effective method to measure jit-

ter. The main goal of this digital method is to get the exact 

time for each period of the clock signal. Then, digital-

processing methods can be used to extract information such 

as jitter amplitude and jitter frequency from these data. 

  

DSP-based Jitter Measuring Scheme 
 

The rest of this paper will deal with a digital jitter meas-

uring method using a Digital Signal Processor (DSP). The 

measured PLL clock signal was 2.048 MHz. Figure 6 is the 

block diagram of the design. The main design concept was 

to get an accurate time in each period and then, using digital 

signal processing methods, process the data. In order to get 

the exact time, a 100 MHz clock was used as a counter 

clock signal in each period. But using a 100 MHz clock 

signal, it was only possible to get a time resolution of 10 ns. 

In order to improve the time resolution and, thus, to im-

prove the measurement of jitter, the error pulses generated 

by the 100 MHz clock signal and the 2 MHz signal were 

expanded to K times wider, then the 100 MHz clock was 

used again to count the expanded error pulse. Thus, if K is 

10, the time resolution can be improved to 1 ns. It can be 

seen that the design has the following blocks: Counter mod-

ule, pulsewave expansion module, data storage module and 

data processing module. Except for the pulsewave expan-

sion module, which was an analog circuit, the rest were 

digital circuits. 

Figure 6. Block Diagram 
 

 

In the following sections, each module is described in detail. 

 

Counter Module 
 

The functions of the counter module are as follows: 

ǒ This module is used to count the number for the 2 

MHz in each period. 

ǒ It is also used to generate error signals. The error 

signal is generated when the 100 MHz signal is used 

to count the 2 MHz signal. 

ǒ It is used to count the expanded error signal. 

ǒ Generate the interfacing signals such WR, Clk_En 

for the data storage module. 

ǒ The counter values are outputted using an 8-bit data 

bus to the data storage module. 

ǒ This module is implemented using XC95108 by Xil-

inx. XC9108 is a CPLD, which is good for the design 

of digital circuits. 

 

Figure 7 shows the corresponding waveforms in the counter 

module. 

 

A. The 2.048 MHz PLL clock signal, which needs to be 

measured. 

B. The 1 MHz pulsewave after frequency division by 2 

C. The inverting waveform of (B) 

D. 100 MHz clock signal for the counter 

E. The error pulse generated at the rising edge when (B) 

waveform is counted using 100 Mhz 

F. The error pulse generated at the falling edge when 

(C) waveform is counted using 100MHz 

G. The expanded waveform of (E) 

H. The expanded waveform of (F) 

 

In the counter module, the 100 MHz clock signal counts 

the four signal channels, B, C, G, and H. Thus, there are 

four 8-bit counters in this module. The counter will start 

counting the B waveform when it is a logical high such as 

during T1 and T5. Similarly, the counter will start counting 

the G waveform during T2 and T6, C waveform during T3 

and T7, H waveform during T4 and T8. Basically, when the 

signal is a logical high, the counter starts, while the signal is 

a logical low, the counter holds the value. Since it is possi-

ble to control how wide the error pulse is to be expanded, it 

is also possible to control the time during which G and H 

are a logical high and when B and C are a logical high. The 

module will output the counting values in the order of T1, 

T2, T3, T4, T5, T6, T7, T8éé.They use one 8-bit data bus 

by time division to output to the data storage module. 
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Figure 7. Waveforms of Counter Module 
 

Error-pulse Expansion Module 
 

The error-pulse expansion module is used to increase the 

accuracy of the measurement. The principle of error-pulse 

expansion is using two LM234, which can act as current 

sources. One is used to charge a capacitor and the other is 

used to discharge the same capacitor, which will generate a 

charging and discharging waveform. The charging time is 

controlled by the error pulse. The generated waveform then 

is converted to a pulse waveform. The time of pulse will be 

K times that of the error pulse. Figure 8 shows the diagram 

of the pulse-expansion circuit. The MAX913 is a compara-

tor. The 2SC3357 is high-frequency transistor with a work-

ing range of 1 GHz. 

 

The following is how the circuit works: 

ƴ When thereôs no error pulse 

 The current source will charge capacitor C1 with 

current I2 (I2=0.1mA). Because of the parallel Zener 

diode, the maximum charge voltage will be 4V. 

 The transistor, Q2, is in the on state, so it provides a 

route to the current source. Because if there is no 

such route, then it takes several ns for the current 

source to reach the steady state, then it makes it im-

possible to be able to expand the error pulse, which is 

only several ns long. 

ƴ When the error pulse comes 

 Now the transistor is in on state and capacitor C1 will 

discharge through current source I1. But since I2 is 

still charging capacitor C1, the real discharging cur-

rent is I1-I2. 

Figure 8. Diagram of Error-pulse Expansion 
 

The following figure shows the waveforms at different 

points. 

(a) The voltage across C1 

(b) The input error pulse to the base of transistor Q1 

(c) The expanded error pulse. 

 

In the (B) waveform in Figure 9, 10ns is added to the 

front of the error pulse. The reason for adding 10 ns is be-

cause in the charging and discharging circuit, the beginning 

stage is not exactly linear. This area should be avoided by 

adding 10 ns to the error pulse. The selection of Vref also 

depends on the added 10 ns pulse. In the debugging state, 

one can generate a pulse equal to 10 ns. The reference volt-

age, Vref, should be the minimum voltage in waveform (A). 

There will be no output voltage at this moment. The output 

of the comparator will be the expanded error pulse. 

 

The expansion factor is: 

The selection of the capacitor will satisfy that the 20ns 

error pulse will make the voltage change about 2V. The 

currents of I1 and I2 can be controlled by R3 and R6, re-

spectively. 
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Figure 9. Waveforms for Pulse Expansion 
 

Data Storage Module 
 

The data storage module is used as a buffer to store the 

data from this counter module. A FIFO IDT 72230 is used 

to do this. IDT72230 has 2K×8 storage space. When it is 

full, the FF (Full Flag) will send an interrupt request signal 

to the data processing module. 

 

Data Processing Module 
 

The core of the data processing module is a DSP 

TMS320F206 [8]. This module is used to process the data 

from counters and output the measurement of the jitter. The 

interrupt from the FIFO is used to trigger an interrupt ser-

vice routine to read out 2K data from the FIFO. The other 

external communication DSP is through an RS 232 cable. 

 

The following explains the algorithm in the data process-

ing module. The method to measure jitter is to get the exact 

value in each period of the clock signal. In order to get the 

exact value, three data from the counter module are needed. 

From Figure 6, t1, t2, t3, t4é represent the time for each 

period (ns), T1, T2, T3, T4é.T8 represent the counter value 

using a 100 MHz clock signal. From Figure 6, it can be 

seen: 

 

Since 

This can be extrapolated to the following equation. 

Next, the accuracy of the scheme will be analyzed. 

 

First we have the following three assumptions: 

(1) The accuracy of the 100MHz clock signal is high 

enough. In other words, error will not be intro-

duced by the 100 MHz crystal. In fact, the 100 

MHz crystal clock can reach the 4th digit after the 

decimal point. 

(2) After frequency division of the 1MHz signal and 

its inverting signal, the edges are in line with each 

other. Thereôs no time delay. This can also be met 

by putting time-delay buffers in the CPLD design. 

(3) The linearity of the error-pulse expansion circuit is 

good enough. This is being satisfied by choosing 

the right working region for the charging and dis-

charging circuit. 

 

Next, use error-pulse expansion K=20, for example, to 

analyze the error of the jitter measuring circuit. When the 

error pulse is 0.5ns, the expanded pulse will be 10ns. Sup-

pose when the error pulse is between 10ns and 20ns, the 

counter value will be 1. 

 

when 

 

 

 

The counter value is N; thus, the maximum error gener-

ated by this jitter measuring scheme is 0.5 ns. If the error 

pulse expansion circuit is not used, the maximum error will 

be 10 ns. From the above discussion, it can be seen that er-

ror-pulse expansion is a crucial part of the design. 

 

Results 
 

The following is the result of sinusoidal modulated jitter 

on the 2.048MHz clock signal. The values represent the 

time of each period in ns. 
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467463  460.5 461 464.5  469  éé.499.5  503  507 511.5  

514   518  515.5  510      507éé.468.5       462.5    

459éé463.5  467  471éé 

 

From the data above, it can be seen that the period of the 

2 MHz clock signal has local peak values, shown in bold 

fonts. The jitter is sinusoidaly modulated. The frequency of 

the jitter can be obtained from the data. Jitter in each period 

is the absolute difference of the actual time with 488 (1 UI). 

In a practical case, the jitter is random. Then, one needs to 

get the spectrum and the amplitude of the jitter for different 

frequencies. 

 

The following table shows when the frequency of the 

clock signal changes, the measured maximum and minimum 

times for each period will also change. The signal used is 

not modulated with sinusoidal signals. It is just the output 

from the function generator (Model: SFG-2120, 20 MHz 

DDS). 

 
Table 1. Results 

 

From the results above, it can be seen that the DSP-

based jitter measurement scheme works for 2.048 MHz 

pulse clock signals. With an error-pulse expansion module, 

the accuracy of the measurement is greatly improved. 

 

Conclusion and Future Work 
 

In summary, this paper presents a feasible jitter measur-

ing scheme based on DSP. Using an error-pulse expansion 

circuit is an innovative way to improving jitter accuracy. 

Compared with jitter measuring using expensive digital 

oscilloscopes or waveform monitors, the proposed method 

is easy to implement and cost effective. It can be developed 

into a specialized jitter measuring device in the future. 
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Abstract  
 

This initial study was conducted in order to investigate 

the effects of gender on visualization and problem solving. 

The participants were 47 students enrolled in two different 

solid modeling classes at Southeast Missouri State Univer-

sity. There were 13 females and 34 males that participated 

in the study. The control group was comprised of 23 stu-

dents of which six were female and the experimental group 

consisted of 24 students of which seven were female.  

 

The study was a posttest only design that used the Pur-

due Spatial-Visualization Test-Visualization of Rotations 

(PSVT-R) to measure the studentsô spatial-visualization 

skills. Logistic regression was used to determine if there 

were gender differences and if utilizing solid modeling soft-

ware offset any hypothesized differences. Both groups were 

given a problem which required them to design and con-

struct a prototype of their solution. The control group used 

sketching as their design method and the experimental 

group used solid modeling software to design their solu-

tions. The prototype was evaluated to determine if it met the 

design requirements and scored as either successful or un-

successful. 

 

The findings revealed that there was no significant dif-

ference between the males and females in this study 

(p=.069). Because there was no significant difference be-

tween their visualization scores, there were also no differ-

ences in how visualization affected their problem-solving 

ability (p=.98). Thus, for this study, it was found that the 

spatial visualization of the males and females did not differ 

and that the use of solid-modeling software for this design 

problem did not offset any hypothesized differences.  

 

Introduction 
 

Problem solving and spatial visualization are both areas 

of critical importance to technology and engineering educa-

tors. Spatial visualization has been identified as one of the 

most important skills related to engineering and technical 

graphics [1]. Devon et al. [2] state that ñSpatial visualization 

skills are an important component of engineering because of 

their direct relationship to the graphical communication 

associated with designò (p.4). Strong spatial-visualization 

skills have been shown to correlate to success, achievement, 

and retention in engineering programs and success in 

mathematics [3]. In problem solving, a mental model must 

first be created and, regardless of the representation, that 

mental construction is the ñmost important for problem 

solvingéproblem solving requires some activity-based ma-

nipulation of the problem spaceò according to Jonassen [4]. 

Previous research points out that there are often differences 

in visualization skills of males and females. Males, as a 

whole, tend to have higher visualization scores [5]. 

 

Technology education has placed great emphasis on 

problem solving, yet little is known about how individuals 

approach solving problems and what skills or tools are 

needed to better solve problems. There are no standardized 

instruments for measuring problem-solving ability. As more 

females enter into technology fields, more information is 

needed to determine if differences in visualization and prob-

lem solving exist and how to overcome those differences 

and what tools and techniques are needed to do so. The po-

tential exists for students to be able to better visualize prob-

lems when designing with 3D representation. Research 

dealing with assembling objects shows that students tend to 

do better when they can view a physical or 3D object as 

opposed to 2D drawings [6]. Few dispute the importance of 

being able to solve problems, but more information and 

research is needed on how individuals solve problems and 

what methods, instruction, and experiences can improve this 

ability. The potential of gender differences needs to be in-

vestigated with the significant emphasis on problem solving 

and the crucial role that visualization plays in problem solv-

ing. 

 

The purpose of this study was to determine if there are 

differences in the visualization and problem-solving abili-

ties of male and female technology students and, if differ-

ences exist, does the use of solid modeling offset those dif-

ferences.  

  

Research Questions: 

RQ1. Do the spatial-visualization abilities of male and 

female technology students differ? 
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RQ2. Are there differences between how malesô and fe-

malesô visualization skills affect their problem solv-

ing ability? 

RQ3. Does the use of 3D modeling software offsets po-

tential gender differences in spatial-visualization 

ability?  

 

The knowledge gained from this study can benefit both 

educators and students who focus on problem solving and 

visualization. Determining if gender differences exist can 

influence how educators teach problem solving and the im-

portance of developing strong visualization skills. Informa-

tion gained in this research can also provide insight on the 

role solid modeling plays on visualization and the problem-

solving process.  

 

Review of Literature 
 

Spatial Visualization 
 

The term visualization is often used in many different 

ways, so it is often difficult to understand or interpret the 

true intent of its use. Visualization research from the late 

1800ôs to the 1970ôs identified two major factors that ap-

peared from several factorial analyses: spatial visualization 

and spatial orientation [3], [7]. McGee [3] defined spatial 

visualization as ñan ability to mentally manipulate, rotate, 

twist, or invert pictorially presented visual stimuliò (p.3) 

and that spatial visualization involves recognition, retention, 

and recall. Guilford and Lacey, as cited by Mack [8], define 

spatial visualization as the ability to imagine the rotation of 

depicted objects, the folding or unfolding of flat patterns, 

the relative changes in position of an object in space, or the 

motion of machinery. Stated somewhat differently by Smith 

and Strong [7], ñspatial visualization is the ability to ma-

nipulate an object in an imaginary 3-D space and create a 

new representation of the object from a new view-

pointò (p.2). McGee [3] states that spatial orientation 

ñinvolves the comprehension of the arrangement of ele-

ments within a visual stimulus pattern, the aptitude for re-

maining unconfused by the changing orientations in which a 

configuration may be presentedéò (p.4). 

 

Visualization was not thought of as a reflection or meas-

urement of intelligence and until recently had not received 

the same emphasis as verbal skills. Spatial visualization and 

spatial orientation are shown to be more highly correlated 

with technical, vocational, mathematical, and occupational 

domains than verbal ability [1], [4], [5]. Research supports 

the idea that visualization can be learned and improved 

through practice. Gillespie [1] studied the effects of tutorials 

for teaching solid modeling on visualization. His quasi-

experiment examined students enrolled in an engineering 

graphics course at the University of Idaho. Sixty seven par-

ticipants, 41 of whom completed the study, were divided 

into three groups. Each group was pretested using three 

tests: a mental rotations test; a paper folding test; and a ro-

tated-block test. The rotated-block instrument was devel-

oped by Gillespie and is similar to the Purdue Spatial-

Visualization Test-Visualization of Rotations (PSVT-R) 

[20] used for this study. One group was treated with ten 

weeks of seventeen modules on solid modeling. The two 

control groups received traditional 2D graphics instruction. 

All groups improved their scores from pretest to posttest, 

and the treatment group improved significantly over the two 

control groups. Since Gillespieôs study in 1995, solid-

modeling technology and software has changed a great deal. 

The software at that time typically involved the use of wire-

frames, Boolean operations and, oftentimes confusing 

movement of a user coordinate systems (UCS) icon. Kur-

land [8] contends that modern solid-modeling software is 

simpler and more efficient to use. The images are more real-

istic with rendered representations. This makes visualization 

easier and accelerates or improves the advantages of using 

solid modeling [2]. 

 

Gender Differences of Spatial 

Visualization 
 

The use of solid-modeling curriculum is an effective 

way to close the gender gap in spatial-visualization skills 

[2]. Several studies found that differences exist in the spatial

-visualization abilities of males and females [1-3], [9]. Stud-

ies of younger children showed little or no spatial-

visualization differences between males and females prior to 

puberty. After puberty, significantly different levels were 

evident, with males having a higher ability. In studies where 

differences were evident, males typically had stronger visu-

alization skills [2], [3] and there were no significant gender 

differences reported when the Fall and Spring semesters 

were examined separately. The sections that received exten-

sive solid modeling showed clear gender differences. Possi-

ble reasons given for this by the researchers, besides the 

effects of solid modeling, include: 1) there were more fe-

males in those groups, and 2) the lower pretest scores of the 

females made for larger gains than many of the males. In 

Gillespieôs study [1], gender differences were found to be 

significant at the .10 level, but this finding was not consis-

tent with many previous studies. He found that the females 

had higher spatial-visualization scores. Possible reasons for 

this were that the small number of females (5), may not 

have been a representative sample, and one female had ex-

ceptional gains, which skewed the results. 
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Whether or not current 3D software can affect or offset 

these differences remains to be determined. The software 

has evolved to the point that making and testing 3D models 

is much easier than it had been in the past few years. The 

ability to capture and create a model three dimensionally, 

while working toward a specific problem goal, may affect 

or lesson the cognitive load on an individual. This reduction 

on cognitive load could possibly offset gender differences 

that are related to problem solving and may help with visu-

alization as well. 

 

Problem Solving and Design 
 

Problem solving is important to technology educators 

because they are trying to get students to problem solve as a 

means of doing. McCormick [10] states that research 

ñshows that action affects thinking, and thinking affects 

action.ò (p. 23). Students need to be able to think and act on 

the problems they face and react to the changes they en-

counter. He also contends that problem solving is the most 

important procedural knowledge that occurs in technologi-

cal activity. Jonassen [11] states that ñproblem solving is at 

the heart of practice in the everyday and professional con-

texts.éevery secondary and tertiary education course 

should require students to solve problemsò (p.362). An im-

portant question is whether or not there are differences be-

tween males and females related to problem solving.  

 

Little research related to gender differences and techni-

cal problem solving has been conducted. Several studies 

related to mathematical problem solving report that there 

are gender differences. Males typically outperform females 

in many of the studies. Zhu [5] points out that there are 

many hypothesized reasons for this such as cognitive abili-

ties, spatial abilities, verbal abilities, biological factors, and 

environmental factors. From a technology standpoint, we 

often utilize design as one form of problem solving.  

 

Problem solving and design are often used interchangea-

bly. McCade [12] argues that this is too limiting because 

problem solving often involves much more than just design; 

designing is a type of proactive problem solving. The ma-

jority of the design in most classrooms is new product de-

sign. New product design is only a small portion of the de-

sign that is conducted in real-world situations. Most designs 

require some form of troubleshooting in their development, 

but troubleshooting can also be a separate component of 

dealing with existing artifacts and systems. 

 

Components of a Problem. Problem solving is the process 

of seeking feasible solutions to a problem [13]. There are 

only two critical parts of a problem: 1) an unknown entity in 

some state; and 2) finding the solution must have some 

benefit socially, culturally, or intellectually [4]. The basic 

unit in problem solving is an action and, if more than one 

solution is available for a certain problem state, a decision 

has to be made [14]. That decision can be based on learned 

knowledge, biases, ñlookaheadò, or a combination of these 

factors.  

 

Technical Problem Solving. Childress [15] defines technical 

problem solving as: 

The problem solving processé combined with 

the processes of technology in engineering, archi-

tecture, industrial workshops, research and devel-

opment laboratories, the home, the office, and 

field, etc., and certainly the technology education 

laboratory. The processes of technology em-

ployed to solve problems of human need or want 

characterize this method. (p.94) 

 

McCade [12] defines technical problem solving similarly 

but further divides it into three categories: design, trouble-

shooting, and technology assessment.  

 

External Representations and Problem Solving. Problem 

solving is a basic component of many technological design 

tasks. Problem solving and technical design are both being 

used in many technology and engineering technology 

classes to promote technological literacy and prepare stu-

dents for future design challenges that they may face. An 

important aspect of being able to solve technical design 

problems is being able to visualize objects in different ori-

entations and possible solutions to problems. External repre-

sentations are a crucial part of many problem-solving activi-

ties, particularly technical design. Jonassen [16] states that 

all forms of external representation are important because 

ñexternal problem representations, especially those in the 

form of dynamic models, enable learners to manipulate and 

test their modelsò (p.377). 

 

A modern tool used for design and external representa-

tion is computer aided design (CAD). CAD has evolved 

from the simple replacement of traditional drafting equip-

ment to a very sophisticated, highly visual design tool. The 

earlier CAD programs used the computer to generate lines 

for 2D drawings. As the software and hardware advanced, 

these 2D drawings could be converted into 3D objects that 

the computer recognized as having height, width, and depth. 

The software used to create these earlier 3D objects was still 

2D based; they originated from and were primarily used to 

draw in two dimensions. Modern software used for solid 

modeling often functions in the reverse order; the three-

dimensional object is drawn and then two-dimensional, or-

thographic drawings are generated from that model. Advan-

tages are perceived in using this latter order because we live 
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in and interact with a three-dimensional world. 

 

Murray [17] identified the following advantages of mod-

ern parametric solid modeling software over earlier model-

ing software: 

ǒ Easier to use 

ǒ Easier for visualization 

ǒ Provides the ability to see the model grow and de-

velop 

ǒ Often allows resolving design issues quicker 

ǒ Has the ability to determine material properties 

ǒ Models are easily converted to other graphic forms 

for marketing, advertising, etc. 

ǒ Finite element analysis (FEA) can be performed on 

solids.  

ǒ Can be linked directly to manufacturing operations 

such as rapid prototyping and CNC 

 

With all of these advances, computer models cannot 

always replace physical objects; limitations in hardware and 

software still exist [18], [19]. The possible benefits and 

drawbacks of design instruction are still in question. How 

solid modeling software affects studentsô ability to design 

and solve problems needs to be better understood. Previous 

studies show that students with high visualization skills are 

often better at design and assembly operations. A primary 

question addressed by this study is: If females have lower 

visualization skills, does modern solid-modeling software 

provide students an equal or improved opportunity to solve 

design problems? 

 

Methodology 
 

Selection of Participants 
 

The participants consisted of two classes from the Indus-

trial and Engineering Technology Program at Southeast 

Missouri State University. One class was an introductory 

course and one the next course in series or a slightly more 

advanced course. Both courses were exposed to the same 

instruction related to the use of the ProDesktop software. 

The participants were all randomly assigned to either the 

experimental (ProDesktop) or the control group (sketching). 

There was a total of 24 participants in the experimental 

group and 23 in the control group. There were 13 females 

and 34 males in this study. Six of the females were in the 

control group and 7 were in the experimental group. The 

majority of the participants were technology education, en-

gineering technology, and graphics technology majors in 

different stages of their academic programs. 

 

 

Design 
 

The design for this study was an experimental posttest 

only design. The randomly assigned participants first com-

pleted the PSVT-R. The control group designed a solution 

to the problem using sketching and then physically con-

structed their prototype with the provided materials. The 

experimental group participants each used ProDesktop solid 

modeling software and sketching to design their solutions 

and then constructed a prototype with the provided materi-

als. The physical models or prototypes were then scored as 

either successful or unsuccessful. 

 

Independent Variables. The independent variables in this 

study were:  1) The gender of the participants; 2) The 

method the participants used to design their prototype; and 

3) The participantsô spatial-visualization ability. Participants 

in the control group used sketching in the design of their 

prototype, while the experimental group used ProDesktop 

solid-modeling software for the design of their prototype. 

Spatial visualization was measured with the PSVT-R. 

 

The PSVT-R test was designed to measure the partici-

pantsô ability to visualize the rotation of three-dimensional 

objects. The format for the PSVT-R was 30 questions. Raw 

scores were used for this study so 30 would indicate that all 

30 problems were answered correctly. A sample PSVT-R 

question is shown in Figure 1. 

Figure 1. Sample PSVT/TR Problem 

 

Dependent Variable. The participants were instructed to 

design a mechanism that would convert rotary motion to 

reciprocal motion and move a block forward a fixed amount 

within specified tolerances. Upon completion of the design, 

the participants were instructed to construct a working 

model or prototype using supplied materials.  
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The materials included: 

1. Fixture made of İò polystyrene foam 

(see figure 2)  

2. Hot glue gun  

3. Glue sticks 

4. Double sided tape 

5. Wood glue 

6. Masking tape 

7. Duct tape 

8. ıò dowel rods 

9. 3/8ò dowel rods 

10. İò dowel rods 

11. Foam core board 

12. İò rigid foam 

13. Corrugated cardboard 

14. ıò hardboard 

15. İò plywood 

16. Assorted nails, screws, bolts, and nuts 

Figure 2. Polystyrene Fixture 

 

The prototype had to successfully advance three 1.5ò X 

1.5ò X 3ò blocks a distance of 3.5ò with a tolerance of plus 

or minus 1/8ò. The prototypes were scored as either success-

ful or not successful. If all three blocks successfully ad-

vanced the required 3ò within the 1/8ò tolerances in one of 

two possible attempts, the prototype was scored as a suc-

cessful solution to the design problem.  

 

This either successful or unsuccessful value was the de-

pendent variable. The evaluation was limited to only suc-

cessful or unsuccessful because this and many ill-defined 

problem-solving activities may have multiple, correct solu-

tions. For this problem, the participants were only evaluated 

on the stated objective and were not scored relative to other 

aspects such as creativity, durability, or manufacturability.  

 

 

Results 
 

Descriptive Statistics 
 

The mean score for the PSVT-R for the 47 participants 

was 22.26 with a standard deviation of 4.55. The mean 

score for the 23 participants in the control group was 21.49 

with a standard deviation of 4.39. The mean score for the 

experimental groupôs 24 participants was 23.00 with a stan-

dard deviation of 4.66. See Table 1. 

 
Table 1. PSVT Scores 

Five participants of the control or sketching-only group con-

structed successful prototypes of which 1 was female. Six of 

the experimental or ProDesktop group constructed success-

ful prototypes of which 1 was female (see Table 2).  

 
Table 2. Number of Successful and Unsuccessful Participants 

RQ1. Do the spatial-visualization abilities of male and fe-

male technology students differ? 

 

Males have been found in many studies to have higher 

spatial-visualization abilities. The analysis of this study was 

similar to a minority of others in that it was found that the 

males did not have significantly higher spatial-visualization 

ability. There were 13 females and 34 males in this study. 

The males did not show a significant difference in visualiza-

tion F(1,45)=3.475, p=.069, from the femalesô visualization 

scores (see Table 3). Although, the males did report a 

slightly higher mean score (M=23.00) with a slightly 

smaller standard deviation (SD=4.55) as opposed to the fe-

males (M=20.31, SD=5.33). See Table 3. 

Group N M SD 

Control 23.00 21.49 4.39 

Exp. 24.00 23.00 4.66 

Group  Successful  Unsuc-

cessful  

Total  % Suc-

cessful  

Control  5 18 23 21.7 

Male 4 13 17 23.5 

Female 1 5 6 16.7 

Exp . 6 18 24 25 

Male 5 12 17 29.4 

Female 1 6 7 14.3 
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Table 3. Gender Differences in Visualization Scores 

RQ2. Are there differences between how malesô and fe-

malesô visualization skills affect their problem-solving abil-

ity? 

 

Because the dependent variable, successful or unsuccess-

ful completion of the model, is dichotomous, logistic regres-

sion was used to determine if there were any significant 

differences between visualization, gender, and method of 

design used. For all of the participants it was found that 

spatial-visualization skills, as measured by the PSVT-R, 

was a significant predictor of successfully solving the de-

sign problem. The coefficient on the visualization variable 

has a Wald statistic equal to 5.313, which is significant at 

the .05 level (p=.021). The overall model was significant at 

the .05 level according to the model chi-square statistic. 

Analysis revealed that there were no significant differences 

(p=.98) between the males and females as would be ex-

pected since there was no significant difference between 

their visualization scores and such a low number of females.  

 

RQ3. Does the use of 3D modeling software in the design 

and production of a prototype for a technical design prob-

lem offset potential gender differences in spatial-

visualization ability? 

 

It was hypothesized that if using solid modeling reduced 

a participantôs cognitive load, it could possibly make visu-

alization easier for the participants and, thus, offset any dif-

ferences in their measured spatial-visualization ability. Be-

cause there were no gender differences found in visualiza-

tion scores, the analysis showed that the method used for 

this particular problem was not significant (p=.753) and did 

not offset any gender differences. Without significant differ-

ences in the visualization scores of males and females, it is 

not possible to have a significant difference regarding the 

use or lack of use of modeling software.  

 

Summary and Conclusions 
 

Caution must be used when generalizing the results of 

this study to others because it consisted of only two classes 

of randomly assigned engineering technology students from 

Southeast Missouri State University. These classes were 

chosen because of their similar exposures to drafting, de-

sign, and solid modeling. There were only 13 females that 

participated in the study, which make significance and gen-

eralization difficult.  

 

The purposes of this study were to determine if the spa-

tial-visualization abilities of male and female technology 

students differs; if there are differences between how malesô 

and femalesô visualization skills affect their problem solving 

ability; and, if the use of 3D modeling software in the de-

sign and production of a prototype for a technical design 

problem offsets potential gender differences in spatial-

visualization ability. Previous research shows that males 

typically have higher visualization scores than females. The 

results of this study were similar to those of the study con-

ducted by Devon et al. [2] in which the male participants 

did not show a significant difference. This may be due to 

the female participantsô past experiences and interests re-

lated to engineering and technology. The populations for 

this study and the Devon et. al. [2] study were limited to 

engineering technology students and not representative of 

all females. Other studies that examined more diverse popu-

lations often found that males had significantly higher visu-

alization scores [1-3], [9].  

 

The female studentsô visualization scores were not dif-

ferent from the males. One could conclude that additional 

instruction or varied instruction for the females is not 

needed. This may be the case but, with the limited number 

of participants, it is difficult to generalize these findings to 

all female technology and engineering students. Providing 

opportunities to increase visualization abilities would bene-

fit both male and female students that are struggling with 

the needed visualization skills. Doing so could help with 

student success and retention as well. Many of the tasks 

undertaken in the classroom and the profession relate to or 

require visualization skills and strengthening them would 

benefit the students greatly.  

 

Because there was no difference between the male and 

female visualization scores, there was no possibility of the 

modeling software offsetting any differences related to spa-

tial visualization. For these groups, it was found that using 

the modeling software had no significant impact. Visualiza-

tion was a significant and better predictor of being able to 

solve the design problem. 

 

There were several things related to problem solving that 

became apparent as the participants began working on the 

problem. Examination of the prototypes produced by the 

participants reinforces several basic strategies regarding 

design problem solving and ill-structured problem-solving 

activities. Many of the participants seemed to feel that they 
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Source  df  F r
2 

p d 

Gender 1 3.475 0.072 0.069 0.608 

Group  N M SD   

Males 34 23.00 4.55   

Females 13 20.31 5.33   
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had successfully completed the problem but overlooked the 

specific requirements. This pointed out the importance that 

the problem and the requirements for the problem be under-

stood and reviewed. Some participants may have been hin-

dered by their lack of ability to properly build their design 

with the given materials. The females may not have been as 

familiar with devices that utilize similar simple machines 

and may not have had the background experiences to trans-

fer previous knowledge to this problem.  

 

This study reiterates the importance of good problem-

solving techniques and strategies and the importance of 

strong visualization skills. Whether it is a technical design 

problem, mathematical problem, a short answer for a test, 

what automobile to purchase, etc., when faced with a prob-

lem to be solved, one must understand the problem, what 

criteria need to be met to consider the solution a success or 

acceptable, and the available resources. Jonassen [16] states 

that problem solving is one of the most important tasks that 

we do throughout our daily lives and that teaching problem 

solving should be a top priority of education.  

 

Continued research related to gender differences in spa-

tial visualization and technical problem solving is both war-

ranted and needed. This study and related literature suggest 

that relatively little is known about how individuals solve 

technical design problems and how visualization and the use 

of technology affect males and females. Additional prob-

lems and types of problems need to be studied. Research 

that further examines gender differences in spatial visualiza-

tion and cognitive load when using or viewing objects with 

solid-modeling software is needed to determine if the tech-

nology might improve problem solving or visualization.  
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Abstract 
 

Teaching engineering and technology subjects involves 

explicating abstract multidimensional information structures 

and processes that can be difficult to grasp. A methodology 

using Tablet PCs and interactive software was developed to 

enable students in telecommunications and computer sci-

ence classrooms to grasp these complex concepts more 

quickly and easily. The presentation of theory by the in-

structor was immediately followed by real-time interaction 

between students and instructor during which students em-

ployed the theory while it was still in the studentsô short-

term memories. 

 

Two hypotheses were investigated: 

 

#1 Complex data-structure concepts are learned faster 

and more completely when Tablet PCs are used ap-

propriately in the classroom. 

#2 The use of Tablet PCs in the classroom enables stu-

dents to remain engaged in learning during the longer 

classes that are typical of accelerated learning envi-

ronments. 

 

Data captured from both students and instructors are 

analyzed in support of these hypotheses. Examples of spe-

cific exercises given in class, along with studentsô answers, 

are discussed. In addition, quantitative data showing im-

provements in scores on exams are presented. Finally, an 

analysis of questionnaires completed by students is pre-

sented. The results of the study confirmed both of the hy-

potheses. The study showed that the methodology employed 

not only improved student exam scores but also promoted 

their critical and innovative thinking skills. The results of 

studentsô surveys confirmed that students felt that using 

Tablet PCs enabled them to learn complex engineering ma-

terial faster and in greater depth and be better engaged in 

classes. 

 

Introduction 
 

In his famous essay, Eugene Wigner commented, ñthe 

miracle of appropriateness of the language of mathematics 

for the formulation of the laws of physics is a wonderful gift 

which we neither understand nor deserve.ò [1] But it is not 

always easy for engineering students to grasp this appropri-

ateness. In fact, understanding the relationship between 

mathematics and the physical world is only the start. Engi-

neering students must learn to grasp many complex and 

sometimes abstract logical structures and processes. A few 

examples include Queues, Trees and, more generally, data 

structures in computer science; various kinds of database 

designs in information systems; layered architectures and 

complex telecommunication protocols in data networks; 

digital signal-processing algorithms that are necessary to 

generate, transmit and receive multiplexed radio signals; 

complex mathematical equations and graphs; and a myriad 

of details of physical structures in civil engineering. Con-

veying complex concepts for easy understanding at a fast 

pace is one of the many challenges instructors face while 

teaching engineering and technology subjects. Using equip-

ment received under a two-year 2007 HP Technology for 

Teaching ï Higher Education Grant, the School of Engi-

neering and Technology at National University has intro-

duced the use of Tablet PCs into the hands of every student 

in selected courses to enable his/her understanding of com-

plex concepts more quickly and easily.  

 

Related Research 
 

Denning, Griswold and Simon [2], Koile and Singer [3] 

as well as a number of others, have reported that using Tab-

let PCs in the higher-education classroom not only posi-

tively impacts student learning but also expands the modes 

available for communication between instructors and stu-

dents. Researchers at the University of Washington have 

reported on the use of Tablet PCs in the higher-education 

classroom using Classroom Presenter software. An in-depth 

discussion of Classroom Presenter and its impacts may be 

found in Wolfmanôs University of Washington doctoral 

dissertation [4]. Simon et al. reported on experiences in us-

ing a Tablet PC-based system with Classroom Presenter in 

computer science courses [5]. Researchers at the University 

of California at San Diego (UCSD) have made enhance-

ments to the Classroom Presenter software. The use of this 

enhanced version, named Ubiquitous Presenter [6], in 

higher-education classrooms is discussed in a number of 

excellent papers [7], [8]. 

 

Anderson et al. [9] have reported that the use of learning 

devices in the on-site higher-education classroom enhances 

ENHANCING  LEARNING  AND ENGAGEMENT  IN 
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student engagement in the learning process, while Thomas 

and Carswell [10] have observed that collaborative learning 

is a powerful tool for distributed environments. A number 

of papers [11-13]have reported on the power of digital ink 

in teaching. The relation between active learning and use of 

digital ink, reported by Kowalski, Kowalski and Hoover 

[14] is of particular interest. 

 

Hypotheses 
 

This National University project concentrated on two hy-

potheses: 

 

#1 Complex data-structure concepts are learned faster 

and more completely when Tablet PCs are used ap-

propriately in the classroom 

#2 The use of Tablet PCs in the classroom enables stu-

dents to remain engaged in learning during the longer 

classes that are typical of accelerated learning envi-

ronments. 

 

The first hypothesis expands on the following postulate: 

the best way for students to learn an information structure is 

through collaborative and small-group experiments in which 

students can apply their own ñtouch and feelò to a concept. 

Students are more likely to absorb complex information 

structures if they are given the opportunity immediately to 

experiment either individually or in small groups with the 

concepts that have been presented. Increased interaction 

with each other and with their professors enables them to 

gain a deeper understanding of these concepts. Tablet PCs 

are a useful resource especially when students wish to visu-

ally pose those questions that are difficult to verbalize and 

have to be continually available in a discussion forum that is 

open to all. 

 

Hypothesis #2 is derived from a desire to help students 

retain and enhance their concentration throughout the time 

span of the longer classes that are typical of the accelerated 

learning environment at National University. National Uni-

versity serves a diverse population of adult learners through 

classes that are each three and a half hours to four and a half 

hours in length. Retaining the attention of students who are 

sometimes fatigued after a full work day, along with the 

concerns of family, children, and jobs, is challenging. The 

increased interaction with students through the Tablet PCs 

not only helps students keep up with the instructor, but it 

continually stimulates their thinking about what is being 

taught and this, in turn, improves their attention span. 

Equally important, the faculty instructing the class gains a 

pulse of the studentsô understanding of the topic that is cov-

ered. 

 

Methodology 
 

Each on-site instructor and every student had a Hewlett 

Packard Tablet PC equipped with the Microsoft Windows 

XP operating system, the full Microsoft Office suite includ-

ing PowerPoint, Excel, Word, and both DyKnow VisionÊ 

[15], [16] and DyKnow MonitorÊ. Special applications 

software was also included, as needed, for particular 

courses. Some later classes had HP Tablets with the Micro-

soft Windows Vista operating system instead of Windows 

XP, but the operating system was found to make no differ-

ence to this project. All Tablet PCs were connected to each 

other and to the Internet through an IEEE 802.11g Wireless 

Access Point. Throughout this project, a DyKnow VisionÊ 

server operated by Indianapolis-based Dynamic Knowledge 

Transfer, LLC (DyKnow) was accessed via the Internet. 

 

The DyKnow VisionÊ server software coupled with 

DyKnow VisionÊ client software on each Tablet PC en-

abled instructors to ñpushò charts to all students in a particu-

lar class. Class sizes typically ranged from 10 to 20 stu-

dents, although there were a few smaller classes. Response 

time, from when an instructor selected a particular chart for 

students to view until that chart appeared on each studentôs 

Tablet PC, was normally no more than a few seconds. Stu-

dents were able to draw, write, and type directly on their 

copy of the instructorôs charts and they could also make 

their own personal notes about each chart on a side window. 

Students saved their notes and annotations on their own 

USB drive at the end of each class. 

 

Curricula were revised to incorporate interactive exer-

cises developed by the instructor. These exercises chal-

lenged students to apply what they had just been taught to 

solve problems that were often deliberately ill-defined. Indi-

vidual students and small groups working together submit-

ted their solutions as annotated charts in real time to the 

instructor via the DyKnow VisionÊ server. The instructor 

could choose selected submissions to display, either anony-

mously or with attribution, for discussion by the whole 

class. The instructor also had the option of storing student 

submissions for later review and grading. The latter was 

useful for assessing student participation in the discussions. 

 

Interactive Exercises 
 

Table 1 lists courses that were redesigned to incorporate 

interactive exercises throughout the lectures. The exercises 

were designed to focus on the information structures under 

discussion. Four different instructors taught approximately 

150 students a total of nine different courses: five graduate 

courses and four undergraduate courses. 
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Wireless Systems Security Course ï 

Individual Exercises 
 

The chart shown in Figure 1 was used to explain substi-

tution ciphers in teaching students the building blocks of 

cryptography in the Wireless Systems Security course. After 

allowing for any questions from students, students were 

immediately given the exercise shown in Figure 2. 

 
Table 1: Description of Modified Courses 

Figure 1. Explanation of Substitution Ciphers in 

a Wireless  Security Course 

 

Students were given three minutes in class to encrypt the 

short sentence and submit it. The most common problem 

encountered was confusion about what to do when the value 

of ñn,ò 5 for this exercise, gave a result larger than 25.  

 

 

A few students did not realize that they simply needed to do 

the arithmetic modulo 26. This confusion was caught and 

corrected immediately with this exercise. Another problem 

that was apparent during this exercise was that students 

tended to be careless while doing the addition. The correct 

answer is given in the notes at the end. 

 

Figure 2. Simple Individual Student Exercise from 

a Wireless Security Course 

 

A somewhat more complex exercise from the same 

course is shown in Figure 3. In this exercise, students had to 

compute the time it would take to mount a brute-force at-

tack on a six-character password, assuming they had a com-

puter and a program that could try 200 passwords per micro

-second. In the example in Figure 3, the student used a cor-

rect approach to try to solve the problem, but forgot part of 

the division by 200 and handled the powers of ten incor-

rectly. As a result, the student came up with the response 

2.2 seconds when the correct answer was 11 seconds. This 

was easily spotted and corrected in class by the instructor. 

Figure 3. More Complex Individual Exercise 

 

Graduate courses 

ǒ     Wireless Security (encryption, algorithms etc.) 

ǒ     Digital Wireless Fundamentals 

ǒ     Wireless Coding and Modulation (of radio waves) 

ǒ     Wireless Economic Topics (How the wireless indus-

try works as a business) 

ǒ     Unit Processes of Environmental Engineering 

 

Undergraduate courses 

ǒ     Data Structures & Algorithms 

ǒ     Linear Algebra & Matrix Computation 

ǒ     Calculus for Computer Science 

ǒ     Applied Probability and Statistics 

  

Substitution Ciphers
A  B  C  D  E  F  G  H  I 

0  1  2  3  4  5  6  7  8

J  K  L  M  N  O  P  Q  R

9  10 11 12 13 14 15 16 17

S  T  U  V  W  X  Y  Z

18 19 20 21 22 23 24 25

7/8/2009

18

Simple Substitution: One letter exchanged for another

ci = E(pi) = pi + n

ÅGoal: Confusion

ÅAdvantage: Simple to encipher

ÅDisadvantage: Obvious patterns

In Class Exercise
·Encrypt the following plaintext using E(p i) = pi + 5

·I enjoy the San Diego Zoo

·Write your encrypted text in the space below and 
submit it.

19

7/8/2009

·HINT:  I + 5 = N, E+5 = J, N+5 = S 

·Answer starts out:

. *3ȣ ȣ ȣ ȣȢȢ ȣ   
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Data Structures and Algorithms 

Course:  Individual Exercises 
 

National Universityôs Data Structures & Algorithms 

course is a foundation course for baccalaureate-level com-

puter science majors. The course covers standard data struc-

tures routinely used in computing applications. Some focal 

points of the course include developing an understanding of 

the containers for organizing and storing information along 

with the algorithms that operate on them. The standard 

structures to be studied are Lists, Queues, Stacks, and Tree 

structures and the algorithms that work on them. Often, stu-

dents misunderstand an algorithm or do not quite under-

stand the underlying data structureôs properties. 

 

A sequence of interactive exercises and student re-

sponses from this class are depicted in Figures 4 through 7. 

In Figure 4, students were asked to describe how to insert an 

element into an array-based implementation of a list struc-

ture. The instructorôs objective was to motivate students to 

think about the amount of ñworkò involved in inserting an 

element into an array. Almost all studentsô responses were 

similar to the one seen in Figure 4a. 

Figure 4a. Insertion Exercise 

 

In this case, answers are correct but not elaborated and 

there is no hint of the work that is involved in the insertion. 

Most students presented a sketch of an insertion algorithm; 

although correct, no one really elaborated on what exactly 

was involved in shifting the elements. This prompted a dis-

cussion on how to shift the elements in an array through a 

simple loop and what was the best way to define and quan-

tify ñwork.ò In Figure 4b, the code for shifting is presented. 

This code can be used to discuss the work done by the algo-

rithm. Once students grasped the concept of work involved 

in shifting array elements, their focus immediately changed 

to how to reduce the work required. 

Figure 4b. Code from Instructor 

 

One student suggested placing the current value of the 

position at the far end of the array (after the last element), 

and then inserting the new element at the end of the list. 

Even though it was acknowledged that this strategy would 

save a lot of time, it was rejected because it was felt that the 

procedure would not be satisfactory if the array were to re-

main sorted. Student engagement and participation was very 

high during the discussions and the interactive nature of the 

presentation system allowed the instructor to steer students 

dynamically towards the objective of the activity and to 

further refine and deepen studentsô understanding of the 

material. The instructor was able to sketch diagrams and 

provide solutions spontaneously in real time, thus engaging 

and promoting student-directed learning through a creative, 

interactive, and dynamic process. 

 

Figure 5a. A Correct Response 
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In another activity, the instructorôs objective was to assess 

studentsô understanding of why the assignment operator 

should be overloaded in structures using dynamically allo-

cated memory. By looking at the studentsô submissions, the 

instructor received immediate feedback on studentsô under-

standing or misunderstanding of the topics covered. The 

student responses shown in Figure 5a prompted the instruc-

tor to pose more questions, which eventually led to a discus-

sion of shallow vs. deep copying. It also shows a brief, yet 

correct, response where this student used both graphics and 

text to summarize the impact of shallow copying. 

 

This activity was designed to be minimal with no elabo-

ration as the instructor was looking for the type of graphics 

shown in Figure 5b. Denning et al. [2] indicate that students 

tend to elaborate on minimally required answers, as demon-

strated in Figure 5b. They continue to remark that such 

elaborations are pedagogically desirable for further explora-

tion of the problem and the follow-up discussion points. The 

student submitting the question on Figure 5c appeared to be 

lost and needing directions. Nevertheless, an interesting 

question was raised about the system crashing. Because 

most structures in a computer science course have a linked 

implementation, it is essential for students to have a good 

grasp of pointers. 

 

Figure 5b. Shallow versus Deep Copy 

 

In another activity, the instructor asked students to delete 

a node from a linked list. This required some pointer re-

engagement; this is because the order in which the pointers 

are rearranged is crucial for correct operation. The pointer 

variable ptr is pointing to the node preceding the node to be 

deleted. This routine process must be well understood by 

students. Figure 6 shows two submissions. In both cases, the 

order of steps for deletion is incorrect.  

 

Figure 5c. Interesting Student Question 

 

In Figure 6a, the student is rearranging the pointers out 

of sequence; in Figure 6b, the list is updated but the node is 

not returned to the system, i.e., memory leakage. This gen-

erated many useful discussion points. The instructor guided 

students through the code and demonstrated why the code 

would not work. Enabling students to make a connection 

between new concepts and their program implementation is 

an important task in computing education, and that task was 

made easier by tying the visual representation of the solu-

tion to the code.  

Figure 6a. Linked List Exercise a 

 

In the final example from the Data Structures and Algo-

rithms course, students were asked to insert a key into a 

heap structure. The objective of the instructor was to force 

students to reflect on the heap structure and work through a 

seemingly simple algorithm. Although all the students indi-

cated that they understood the algorithm, a significant num-

ber failed to correctly demonstrate the insert algorithm (see 

the sample submission Figure 7). This is another good ex-
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ample of how student responses enabled the instructor to 

digress from the planned lesson spontaneously to clarify a 

point. Surprisingly, one student sent the slide shown in Fig-

ure 7a, an array implementation of the heap, which raised a 

number of interesting discussion points. Unlike other sub-

missions, this student had decided to use the array represen-

tation of the heap, which was unusual because the tree rep-

resentation is more intuitive and more common. This 

prompted the instructor to ask students to recall the formula-

tion for the left child, right child, and the parent node in an 

array implementation of a heap. Furthermore, the heap con-

structed by the student turned out to be a minimum heap 

when maximum heaps had been the focus of discussion in 

the class. This enabled the instructor to launch a discussion 

on the minimum-heap property. 

Figure 6b. Linked List Exercise b 

 

Figure 7a. Array Representation of Heap 

 

In a related activity, students were asked to use the insert 

algorithm to enter an element into a heap. One submission, 

shown in Figure 7b, clearly indicated that the student had 

not followed the discussion of the insert algorithms and had 

simply used a Binary Search Tree insert algorithm. The in-

teractive slides were highly useful in generating discussion 

on how to correct student misunderstanding, misinterpreta-

tion, and mix-up of structures and algorithms. 

Figure 7b. Adding an Element to a Heap 

 

Wireless Economics Topics Course:  

Small Group Exercise  
 

The nature of the Wireless Economics Course made it 

particularly suitable to incorporate small group exercises. 

During the class, the instructor set up several small groups, 

each consisting of three to four students working together 

on exercises like the one shown in Figure 8. This was done 

through a simple menu on the instructorôs Tablet PC.  

 Figure 8. Small Group Exercise 
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In each small group, the students shared a common 

screen on their Tablet PCs, so that whatever was drawn, 

written, or typed on the screen by any student in the group 

could immediately be seen on the tablets of all students in 

that group. Small groups were set up among students sitting 

close to each other in class, so that it would be easier for the 

group members to carry out their discussions. At the end of 

the exercise, the small group was dissolved by the instructor 

so that there was no longer a shared workspace among the 

students who had been in the group. 

 

The exercise required the small group to find current 

quarterly report data for a particular wireless operator, com-

pare it with an earlier quarterly report shown by the instruc-

tor, and then comment on key changes. Each small group 

was given a different company to research and discuss. Fig-

ure 9 shows the results submitted by one small group. None 

of the small groups had difficulty finding quarterly report 

data on the Internet, writing it down, and submitting it; see 

Figure 9a. However, they were unable to effectively com-

ment on the data or discuss the key differences in the pre-

sent and previous quarterly reports.  

Figure 9a. Quarterly Results Data 

 

Figure 9b. Discussion of Key Changes 

 

The intent of the instructor was that they move to a higher 

level of Bloomôs Taxonomy and come up with a group view 

of the key differences between one quarterly report and the 

next. Instead, as shown in Figure 9b, they simply cut and 

pasted the analystsô comments from news articles they had 

found. This activity helped highlight one of the key prob-

lems in designing good interactive exercises. Students will 

be lazy about thinking, if they are given the opportunity. 

Careful design of interactive exercises is needed to get stu-

dents to synthesize and analyze. Exercises that require more 

thought are more valuable, but they take more time both to 

develop and to administer. 

 

Findings 
 

Impact of Interactive Exercises on Speed 

and Depth of Student Learning 
 

The experience of the four instructors provided good 

evidence of the positive impact of interactive exercises on 

Tablet PCs, but more quantitative evidence is necessary to 

address hypothesis #1. This was obtained by comparing 

grades on the same midterm and final-exam questions in the 

Wireless Systems Security course before and after the intro-

duction of Tablet PCs and interactive exercises. The results 

are shown in Table 2. 

 
Table 2. Impact of Interactive Exercises 

Description of 

Questions 

% of Students Answering 

Correctly 

  

Average 

Improve- 

ment 

  Base

line 

Oct-

07 

Jan-

08 

Jul-

08 

Jan-

09 

Percent 

Change 

Eselbrücke 22 88 95 71 285 

Use Vigenére 

Tableau 

11 81 89 72 633 

Polynomial 

Representation 

33 75 95 94 267 

Encrypt Short 

Message 

11 69 88 78 503 

Cipher Block 

Chaining 

11 50 40 22 339 

Average of the 

five Questions 

18 73 81 67 409 

Number of 

Students 

9 16 21 16 --- 

Avg Grade 

overall 

77 84 85 83 9 
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The results from Table 2 clearly demonstrated that the 

average improvement varied between 267~ 633%. One of 

the exam questions for all WCM 605 classes, labeled by the 

German word ñEselbruckeò in Table 2, required students to 

generate a passphrase, extract a password from it, then dis-

cuss how it satisfied the requirements for strong passwords. 

Exam scores on this question improved from 22% correct 

answers for the October 2007 class to 88% correct in Janu-

ary 2008, 95% correct in July 2008, and 71% correct in the 

January 2009 class. This amounts to an average improve-

ment of 285%. The Wilcoxon signed-rank test, a non-

parametric statistical hypothesis test was used to assess 

whether their population means differ. {T(positive) = 0; n = 

8; p < 0.02 (two-tailed) --> Significant difference} 

 

Other questions dealt with concepts such as expressing a 

digital string as a polynomial; encrypting and decrypting a 

short message using substitutions and transpositions; using a 

complex structure known as a Vigenére tableau in encryp-

tion and decryption; and, using cipher block chaining for 

encryption. Results from specific exam questions in the 

October 2007 class showed that these were all difficult 

skills for students to acquire. January 2008, July 2008, and 

January 2009 results of the same questions (with details of 

the questions suitably altered to prevent cheating), showed 

dramatic improvement. 

 

Table 2 shows that, on average, the number of students 

answering the questions correctly improved from an average 

of 18% correct answers on these five questions in October 

2007 exams to a weighted average of 74% correct answers 

on the combined results of January 2008, July 2008, and 

January 2009 exams, thus showing a remarkable 409% im-

provement. In addition, the overall weighted average of 

grades on the combined results of the January 2008, July 

2008, and January 2009 exams improved by 9% from 

77.2% to 84.2%. These results are based on a combined 

enrollment in the three classes of 53 students. 

 

The October 2007 class, with only 9 students, serves as a 

base in Table 2. A larger base was desirable; however, the 

results were so encouraging that the university was not will-

ing to penalize students by running a class without using the 

Tablet PCs, solely to increase the size of the base sample. 

Unfortunately, data from a July 2007 WCM 605 class was 

not collected in sufficient detail to analyze individual ques-

tions. However, the average grade on the comparable exam, 

taken by ten students in July 2007, was 80.3%. The use of 

the Tablet PC approach to teaching the most difficult con-

cepts was undertaken because of the recognition of difficul-

ties encountered by students in both the July and October 

classes in absorbing these concepts. 

 

The data in Table 2 show some variation of results 

across the particular questions studied. For example, the 

ability to encrypt a simple message by hand improved from 

69% correct in the January 2008 class to 88% in July and 

then dropped slightly to 78% in January 2009, while the 

ability to understand cipher block chaining declined from 

50% in the January 2008 class to 40% in the July 2008 

class, and then to only 22% in the January 2009 class. But 

only 11% of the students answered these questions correctly 

in the base October 2007 class, so the average of a reason-

able sample of students showed significant improvement for 

all questions. These data, taken together with classroom 

experiences of the four instructors, confirm the first hy-

pothesis, namely that students learn complex data structure 

concepts faster and more completely when Tablet PCs are 

used appropriately in the classroom. As discussed by Dey et 

al. [17], the use of Tablet PCs with interactive software in 

class introduced a metacognitive strategy that forced stu-

dents to use or apply concepts almost immediately after the 

concepts were taught. As a result, their skill in employing 

the new concepts was made more accessible to them. 

 

Student Questionnaire Results 
 

Following receipt of approval of the survey instrument 

by the National University Institutional Review Board, 42 

students completed anonymous surveys about their experi-

ence with using Tablet PCs. These surveys were conducted 

near the end of the first class in the Master of Science in 

Wireless Communications (MSWC) degree program, again 

near the end of a class in the middle of the program and, 

finally, near the end of the last class before their Masters 

Research Project. Students answered using a five-point 

Likert scale. They were also invited to add comments to 

some of their answers. The text of the survey is shown in 

Table 3. 

 

Results of the survey are shown in Table 4 and a sample 

of student comments is shown in Table 5. Students clearly 

agree that use of the Tablet PCs with DyKnow helped them 

remain more engaged in learning than in classes without 

student computers. Of particular interest is that there is a 

clear consensus among students that classes equipped with 

Tablet PCs kept them better engaged than those equipped 

with laptop or desktop computers. It was expected that re-

sults for the third question would be somewhat lower than 

for the second question but, surprisingly, they are nearly the 

same. A sign test used (n = 5, p = 0.5; P(X <= 2) > 0.4) 

failed to detect significant difference (p-value > 0.05). Al-

though the sizes of the classes were small, the comments 

and responses received are significant and consistent, sup-

porting the use of Tablet PC improves student learning. 

Even with the smaller classrooms, the Dyknow with Tablet 
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PC provides an opportunity to share student submissions 

with the entire class on a real-time basis. The sharing facili-

tates a richer discussion of the topic among class partici-

pants, thus improving student learning. 

 
Table 3. Student Survey 

 

While the score is slightly lower for student perception 

of how much faster they are able to learn new concepts 

(Question 7), it is still high. The results for this survey ques-

tion may well have been skewed by the phrase, ñbecause I 

was able to understand the way other students reasoned 

about a problemò at the end of Question 7. In addition, the 

significance of the results for Question 7 in the last class is 

uncertain. Because the sample size was small in the last 

class, data is continuing to be gathered to determine whether 

the studentsô learning experience is not helped as much by 

the time they reach the end of their degree program, or 

whether this was simply an aberration, due to the small sam-

ple size in the last class. 

 

 

 

Table 4. Survey Results ï MSWC Program 

 
Table 5. Sample of Student Comments 

ǒ     Use of the Tablet PC helps me learn because it sup-

ports my learning style better than learning without 

the tablet. 

ǒ     Classes taught with a Tablet PC keep me more en-

gaged in learning than classes taught without student 

computers. Please comment on how the Tablet PC 

helps you to stay more engaged. 

ǒ     Classes taught with a Tablet PC keep me more en-

gaged in learning than classes taught with desktop or 

laptop computers for students. Please comment on 

how the Tablet PC helps you to stay more engaged 

than classes taught with desktops/laptops. 

ǒ     The Tablet PC is a particularly effective tool for small 

groups working together on case studies. 

ǒ     I used the feature of DyKnow Vision to review re-

corded classes. 

ǒ     The ability to correlate my personal notes with a spe-

cific place in a recorded lecture helped me learn bet-

ter. 

ǒ     Use of the Tablet PC enabled me to learn new con-

cepts better/faster because I was able to understand 

the way other students reasoned about a problem 

ǒ     The ability to make submissions in class through my 

Tablet PC enabled me to ask questions that would 

have been hard to put into words. 

ǒ     The ability to ask questions and/or interact anony-

mously in class through my Tablet PC enabled me to 

overcome or circumvent my inhibitions about asking 

questions in front of my classmates 

Program 

Survey 

Questions 

Initial 

Class 

Middle 

Class* 

Last 

Class 

Weight

ed av-

erage 

Number of 

Responses 

10 26 7 ----- 

Better sup-

port for my 

learning 

style 

4.20 4.36 4.43 4.32 

Better en-

gaged in 

learning 

than with-

out student 

computers 

4.50 4.42 4.57 4.47 

Better en-

gaged using 

Tablet PCs 

than with 

Desktops/

laptops 

4.40 4.31 4.71 4.39 

Very effec-

tive for 

small 

groups 

4.40 4.15 4.57 4.28 

Learned 

new con-

cepts better/

faster 

4.20 4.27 4.0 4.21 

ǒ     ñIt was more of an interactive session with students 

with Tablet PCò 

ǒ     ñéthe polls and the problems we needed to solve 

helped me to stay more engaged in the classò 

ǒ     ñThe Tablet PCs help me stay organizedò 

ǒ     ñIôm really impressed with the Tablet PC. Itôs really 

good for listening in classes.ò 

ǒ     ñIt was new way to learn so it took some time to ad-

just to itò 

ǒ     ñThere are disadvantages with this as I am unable to 

keep eye contact with the professorò 
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Overall, the results clearly support the second hypothe-

sis, ñUse of Tablet PCs in the classroom enables students to 

remain engaged in learning during the longer classes that 

are typical of accelerated learning environments.ò And the 

results are consistent across widely different classes and 

times in this degree program. A number of student com-

ments on the survey were quite interesting, and several 

comments supported both hypotheses. 

 

Virtually all students appreciated the increased interac-

tion brought to the class by the combination of Tablet PC 

and DyKnow software. This led students to stay more en-

gaged. And the ability to associate notes with each chart 

presented helped students stay more organized. However, 

students also commented that it took them some time to 

adjust to a new way of learning. Some others expressed 

concern about eye contact. This latter problem was ad-

dressed by projecting the instructorôs display on a screen at 

the front of the classroom, simultaneously, with the pushing 

of charts to students via the wireless connection. One stu-

dent complained that he preferred a full page rather than the 

somewhat smaller display of the Tablet PC. 

 

Digital Ink 
 

One additional finding, though not a new finding, came 

more from instructors than from students. Students and in-

structors in National University classes who taught with 

Tablet PCs reported increased empowerment and efficiency, 

which they credited to the Digital Ink capability of the sys-

tem. As noted earlier, similar results have been reported by 

others. [11-13]. 

 

Instructors found the added capability to highlight and 

handwrite clarifying notesðparticularly equationsðdirectly 

onto PowerPoint slides to be highly useful. Instructors 

found that using a stylus on a Tablet PC is as effective as 

writing on a physical whiteboard in an on-site class. The 

ability to emphasize points on a PowerPoint slide by cir-

cling the points at the time the instructor is talking about 

them helps students to follow the lecture better. And, this is 

a very efficient substitute for the time-consuming process of 

animating Microsoft Power Points. Digital Ink makes it easy 

for instructors to amplify points on PowerPoint presenta-

tions by writing equations or drawing diagrams directly on 

the charts. 

 

One instructor, who readily admits to being computer-

challenged, stated, "If I can learn how to teach with a tablet, 

anybody can!" Another instructor said, "The tablet gave me 

the power to teach." This latterôs comment is a particularly 

significant statement as it was made by a professor who was 

selected from approximately 200 faculty members as Na-

tional Universityôs Outstanding Teacher of the Year in 

2002. After teaching an on-line course with a Tablet PC, 

one adjunct professor declared that he would not teach an-

other on-line course unless the university always provided 

him a Tablet PC to use while he taught. On-line students 

were particularly enthusiastic about the use of Digital Ink by 

instructors. They stated that it is a "tremendous improve-

mentò in teaching. In principle, on-line instructors can draw 

on their desktop or laptop computer with a mouse. How-

ever, most instructors have not developed the fine motor 

control that is required to use the mouse this way. 

 

Conclusions 
 

Both hypotheses were confirmed by the results of this 

two-year-long use of Tablet PCs with DyKnow software in 

teaching five different graduate courses and four different 

undergraduate courses. The availability of Tablet PCs is 

now being extended to all courses taught in the School of 

Engineering and Technology (SOET). Purchase of a new 

server for running the DyKnow server software has been 

completed. This server will be installed in the SOET build-

ing to ensure that Internet delays do not cause problems 

with response time. 

 

The experience with introducing real-time interactive 

exercises into on-site classes is popular with students and 

has improved scores on student exams. Equally important, 

the combined systems promoted critical and innovative 

thinking by students in the classroom. Sharing and discuss-

ing student submissions in real-time enabled deeper discus-

sion of the topic at hand and in clarifying misunderstand-

ings. Students gained a better and a deeper understanding of 

the material being taught. Not only has this project captured 

quantitative data to support these assertions, but it has also 

succeeded in confirming through the results of studentsô 

surveys that both the instructor and his/her students find that 

using this approach for teaching complex engineering con-

cepts has positive benefits. 

 

The success reported in this project is now being ex-

panded to introduce more realism into classes as student 

engineering teams compete to develop the ñbestò engineer-

ing designs (networks, radios, etc.) by using interactive 

games that are designed and built by the students them-

selves. We anticipate wider acceptance of Tablet PCs in 

academics. 
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Abstract  
 

Systems engineering at the community college level is 

an often overlooked concept. Educators realize its impor-

tance, but the curriculum is already packed with other es-

sential topics. This study looked at three different aspects of 

a proposed approach to systems engineering concepts at 

Queensborough Community College. The first application 

of systems engineering was a communication system project 

in the Computer and Electrical Devices Applications course. 

This project introduces the building blocks of a fiber-optic 

communication system including a transmitter, receiver and 

an amplifier. The stages were built by independent teams 

and then integrated to operate as a functional system.  

 

The second example focused on meeting required sys-

tems-level specifications for a two-stage amplifier with a 

power supply. The students were given the specifications 

for the supply voltage, amplifier gain, and input and output 

impedances. The design project was divided amongst the 

teams, who then combined and tested the overall system. 

 

Robotics was the third system application. Students inte-

grated software programming and hardware design to pro-

duce a functional robot. Software teams developed and de-

bugged programs which run on the robot's microcontroller. 

Hardware teams built and tested the hardware independently 

to ensure proper functionality. The teams synthesized their 

designs to satisfy the system design challenge. 

 

Introduction 
 

Systems engineering at the community college level is 

an often-overlooked concept. Even though educators may 

appreciate the importance of systems engineering concepts, 

it is somewhat difficult to include this material in an already 

packed curriculum. An engineering education should in-

clude systems engineering concepts because most complex 

engineering projects today focus heavily on systems engi-

neering elements for their successful completion. These 

projects include the design of space craft, military weapon 

systems and both wired and wireless communication sys-

tems. One of the earliest mentions of the importance of sys-

tems engineering concepts was at AT&T Bell Laboratories 

in 1940 [1]. In fact, the National Council on Systems Engi-

neering (NCOSE) was formed in 1990 to advocate and fur-

ther the area of systems engineering.  

 

Community colleges are a rapidly growing part of the 

U.S. higher education system and will become increasingly 

important in retraining the American workforce for the 21st 

Century. President Obama proclaimed that community col-

leges are vital to America's future competitiveness, and he 

envisions an additional 5 million graduates from these edu-

cation institutions by 2020 [2]. This paper highlights the 

different aspects of our approach to introducing systems 

engineering concepts to the students at Queensborough 

Community College.  

 

In the Computer and Electrical Device Applications 

course, a fiber-optic communication system consisting of a 

transmitter, receiver and a gain stage amplifier was intro-

duced. The stages are built separately and the students then 

integrate them and try to get the system to operate from a 

system point of view. The Electronics I course focuses on 

electronic device applications such as amplifiers and power 

supplies. A systems-level analysis project requires the stu-

dents to analyze a multistage amplifier with a DC power 

supply. The students analyze the individual circuits and then 

integrate their results to obtain the systems-level parame-

ters.  

 

In the software and hardware design classes, the con-

cepts of robotics are introduced. The software class focuses 

on programming fundamentals and the project lab class fo-

cuses on hardware concepts. The Robotics Club builds on 

the fundamentals of the aforementioned classes and inte-

grates the electronic, mechanical, and programming con-

cepts involved in the analysis, design, and construction of 

robotic systems and focuses on systems integration of these 

systems. 
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Fiber Optics Communication System 
 

The Computer and Electrical Devices Applications 

course places an emphasis on technology topics in computer 

engineering. The class discusses electronics applications in 

BJT switching and amplification, and the students perform 

related experiments. The course also introduces Program-

mable Logic Devices (PLDs), by using very high speed in-

tegrated circuit hardware description language (VHDL) to 

program a field programmable gate array (FPGA). 

 

The course also includes systems engineering activities. 

This study focused specifically on this area of the course. 

The project of interest is one where the students build a sim-

ple fiber-optic communication system in discrete stages and 

then integrate them to make a complete system. The chal-

lenges in this experiment are designed to mimic the con-

straints a student would face in real-world engineering-

design problems. These challenges include: 

ǒ Time constraints 

ǒ System complexity 

ǒ Working with multiple teams 

ǒ Being judged on the work of the team and NOT the 

individual team memberôs performance 

 

This laboratory experiment has to be completed in the 

three hours allocated. The groups work simultaneously to 

complete their own sub-systems in a single three-hour lab 

session at QCC. Typically, students who pace themselves 

and accept the challenge are able to work efficiently and 

complete the assignment within the time constraints. How-

ever, easily distracted students do meet the time constraints. 

 

One of the challenges of this laboratory exercise is to 

experience what it is like to function as a team to build a 

complex system. The individual stages consist of circuits 

that can all be breadboarded. These circuits contain compo-

nents such as operational amplifiers (op amps), BJTs, and 

photodiode transmitter and photodiode receiver pairs. The 

entire system could be built sequentially by one team of 

students. However, the work is divided amongst three teams 

that work simultaneously. This divide-and-conquer method 

is a common practice for larger engineering projects. The 

work is divided into smaller, manageable portions in order 

to shorten the project development time. The team will then 

combine their work at the end of the experiment to build a 

larger system. The functionality of the larger system will 

depend on the success of each individual teamôs ability to 

deliver quality work and function as a member of a team. 

The total system is divided into three sections and each sec-

tion has a team working to deliver a functional block.  

Figure 1. Fiber Optic Communication System 

 

The system is made up of three stages and is divided 

amongst the three teams, as shown in Figure 1. The success 

of the system depends on the success of the individual 

teams. To emphasize this, the teams must combine their 

individual efforts to obtain an operational system. Each 

team must build, test and troubleshoot their individual 

stages. The stages are then combined to build a larger sys-

tem. This entire system is integrated and tested at a higher 

level.  

The students are judged on the work of the team and 

NOT the individual team memberôs performance. The grade 

for the lab will be evaluated on total, overall team perform-

ance and not on individual contribution. 

 

Power Supply and Amplifier System 
 

This section highlights the synthesis of a power supply 

and cascaded amplifier stages. The goal of the amplifier 

design is to obtain a voltage amplifier with the following 

characteristics:  

 

ǒ Relatively high voltage gain magnitude 

ǒ Relatively high input impedance 

ǒ Relatively low output impedance 

 

The individual stages are synthesized into the amplifier sys-

tem shown in Figure 2. 

Figure 2. Amplifier System 
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The amplifier system typically consists of multiple 

stages, including common-emitter with voltage-divider bias 

and emitter-follower with emitter-stabilized bias configura-

tions. The students learn that it is necessary to take a sys-

tems approach to the amplifier design in order to meet the 

given specifications of voltage gain, input impedance, and 

output impedance. The common-emitter stage provides rela-

tively high voltage and current gains. The emitter-follower 

stages provide high input impedance and low output imped-

ance, with a voltage gain that is typically slightly less than 

one. Stage one is an emitter-follower with gain AV1 and rela-

tively high input impedance, ZIN1. Stage two is a common-

emitter amplifier with relatively high voltage gain, AV2. 

Stage three is an emitter-follower with gain AV3 and rela-

tively low output impedance, ZOUT.  

 

The overall voltage gain, taking individual stage loading 

into account, is: 

 

           (1) 

 

The system input impedance is: 

 

            (2) 

 

The system output impedance is: 

 

           (3)  

 

Typically, it would not be possible to design a single-

stage amplifier with all of the desired characteristics. A 

block diagram approach is used to provide a synopsis of the 

amplifier system, and then the amplifier circuitry is ana-

lyzed in detail to find the overall voltage gain, input imped-

ance and output impedance, based on each stage and the 

interaction between stages. The students learn very impor-

tant system concepts such as the loading effect of each stage 

on the previous stage. Furthermore, the students learn that 

the overall voltage gain is the product of the individual volt-

age gains of the stages, taking loading into account. The 

amplifier and power-supply designs are synthesized into a 

complete system, which meets the design criteria.  

 

Also discussed are Bipolar Junction Transistor (BJT) 

amplifier designs, including both the common-emitter and 

emitter-follower configurations with fixed-bias, emitter-

stabilized bias, voltage-divider bias, and collector-feedback 

bias. Amplifiers based on Field-Effect Transistors are also 

discussed in the electronics course. The BJT amplifiers typi-

cally use voltage-divider bias for the common-emitter am-

plifier stage and emitter-stabilized bias for the emitter-

follower stage because they provide good biasing stability 

and allow the Quiescent Operating Point to be centered on 

the load line for each stage. The students use the superposi-

tion theorem to analyze the circuit by first analyzing the DC

-biasing circuit and then analyzing the AC equivalent cir-

cuit.  

 

The students gain a deeper understanding of systems 

engineering problems by using component models and ap-

proximations, which hold in the normal active region of 

transistor operation. The fact that the optimum location of 

the quiescent operating point is at the center of the load line 

is evaluated in order to obtain the maximum possible sym-

metrical peak-to-peak unclipped output signal. In addition 

to the detailed analysis of the amplifier circuit schematic, 

the two-port representation of an amplifier system and the 

individual stages is discussed. The students learn that the 

input circuit of the amplifier can be represented by the input 

impedance and the output circuit of the amplifier can be 

represented by a Thévenin equivalent circuit. The two-port 

model can then be used to represent each stage of a cas-

caded amplifier system, which can be analyzed using a sys-

tems approach.  

 

The discussion is then expanded in the electronics course 

beyond the amplifier to include the analysis of a linear DC 

power supply consisting of a transformer, full-wave bridge 

rectifier, capacitor filter, and voltage-regulator circuit, as 

shown in the block diagram in Figure 3. 

Figure 3. DC Power Supply Block Diagram 

 

The voltage regulator contains a series pass transistor, 

zener diode, and resistors. The power-supply circuit is ana-

lyzed in stages beginning with only a transformer and recti-

fier and culminating in the analysis of the entire circuit. A 

block diagram is used to represent the function of each stage 

and then the power-supply circuitry is analyzed in detail. 

The DC component and approximate AC ripple-voltage 

component are calculated at the output of the filter stage and 

then at the output of the regulator stage. A laboratory ex-
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periment is performed where the students analyze and con-

struct an entire DC power supply.  

 

The students solve analysis and design problems related 

to amplifiers and power supplies on homework assignments. 

The design problems consist of power supply and amplifier 

circuits, where the desired currents and voltages are pro-

vided and the students have to calculate the required compo-

nent values or the required power supply voltage for an am-

plifier. Most of the students are able to complete all of the 

analysis problems perfectly. However, the design problems 

present a much greater challenge.  

 

The students build amplifier and power-supply circuits 

in the laboratory, which they also analyze theoretically. The 

measured results are compared to the theoretical results us-

ing percent difference calculations and the students are 

asked to explain the sources of discrepancies in their labora-

tory reports. A systems-level approach is taken in the analy-

sis where, for example, the behavior is compared to home 

stereo equipment. The operation of an amplifier circuit is 

also simulated using circuit simulation software and the 

results are compared to the measured and calculated values. 

Therefore, the students obtain real-world experience in the 

systems design process. They also observe the importance 

of the final system design step, which includes breadboard-

ing, and taking measurements. The final design step will 

often indicate that the design may need to be modified to 

function properly.  

 

The amplifier analysis is performed using an ideal model 

for the DC voltage source in order to simplify the sche-

matic. After performing the complete amplifier analysis, the 

overall amplifier and power-supply system is represented by 

a block diagram. The complete schematic of the amplifier 

and power-supply system is then drawn showing the cir-

cuitry of the actual amplifier and power-supply sections in 

detail. This system is a synthesis of the amplifier and power

-supply subsystems, along with many of the concepts pre-

sented in the DC circuit course, AC circuit course, and the 

electronics course. 

 

Robotic Systems 
 

A robotic system is the third example of our approach to 

teaching systems concepts. The goals are to design robotic 

systems which utilize the following ideas: 

 

ǒ Hardware modules 

ǒ Software concepts 

ǒ System Integration of hardware and software  

 

In the hardware project laboratory, the hardware modules 

that are common to all robots are examined. These include 

contact and infrared sensors, closed-loop control systems 

using a microprocessor, servo motors and H-bridge motor 

interfaces in robotics applications.  

 

Students are required to complete a project laboratory in 

which they build a programmable robot. The project class is 

a requirement for students completing the Computer Engi-

neering Technology degree program (A.A.S.). The approach 

to the hardware project laboratory class at QCC focuses on 

digital and analog electronic circuit theory, and some me-

chanical concepts. The learning objectives are for students 

to understand electronics as related to applications in robot-

ics. Students also obtain practical experience in trouble-

shooting electronic circuits and motor controllers, as well as 

using effective instrumentation and measurement tech-

niques. The students should have prior knowledge of digital 

systems, including memory, memory interfacing and I/O 

systems. The students also need to know the basic theory 

and operation of electronic devices including semiconductor 

switching diodes, zener diodes, and transistors. The students 

use the schematic and block diagrams to troubleshoot the 

digital and analog electronic systems of the robot in order to 

solve any functional problems, as shown in Figure 4.  

Figure 4. Typical Robotic System Block Diagram 

 

The unique feature of the robot used in the project lab 

class is that it consists of discrete subsystems, which include 

power supplies, clock oscillators, memory, digital logic cir-

cuits, transistor drivers, and motors. The students build and 

test each of these subsystems in a sequential manner, and 

then integrate them into a functional robot. The students 

build a programmable robot from components in stages, 

which are then integrated into an autonomous system. The 

ðððððððððððððððððððððððððððððððððððððððððððððððððð- 

INTERCONNECTED SYSTEMS IN ENGINEERING TECHNOLOGY                                                                                                      39          



ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

ððððððððððððððððððððððððððððððððððððððððððððððïðððð 

40                                  TECHNOLOGY INTERFACE INTERNATIONAL JOURNAL | VOLUME 11, NUMBER 2, SPRING/SUMMER 2011 

components are soldered to a printed circuit board, which is 

then mounted to a mechanical chassis assembly that consists 

of motors and gears. The motors and gears used in the me-

chanical assembly of the robot provide the steering function. 

The robot is then programmed by a keypad to follow the 

designated instructions.  

 

To program this robot, instructions are fed through a 

keypad that connects directly to the memory load sequence 

circuit, which incrementally loads each command into 

memory. The instructions for the robot are programmed into 

memory in the desired order such that the robot can navi-

gate through its environment. The robot exits the program-

mable mode and enters the execute mode upon removal of 

the keypad. The instructions are read from memory in the 

order in which they were programmed and are repeatedly 

executed in a continuous loop. This method is fully utilized 

in a robot that has to perform monotonous tasks such as 

those on a manufacturing assembly line. Students gain a 

great deal of exposure to analog, digital and mechanical 

theory by building this robot. They have the opportunity to 

observe how all of these systems work individually and 

together as a whole. 

 

The software class focuses on programming applications 

as they relate to robotics. The programming class builds on 

the aforementioned hardware concepts to introduce topics in 

robotic control from a software point of view. The program-

ming class uses Visual Basic to reinforce programming con-

cepts. Once the students have mastered these topics, they 

begin to use their knowledge of robotics hardware and soft-

ware to solve a challenge. Students learn how to control the 

servo motors by using pulse width modulation (PWM) at 

the appropriate microcontroller output. Students write the 

interrupt service routines that will process any interrupts 

generated. The students apply programming concepts such 

as looping, decision making, processing and I/O operations 

to autonomous robotics applications.  

 

After the hardware and software fundamentals are estab-

lished, the students are given a design challenge. The chal-

lenge is to build an autonomous robot that will exhibit ran-

dom wandering with object detection and avoidance behav-

ior. This challenge is divided into several manageable tasks, 

which are implemented by various student teams. These 

tasks include object detection, motor control, obstacle 

avoidance, and displaying status information. 

 

 

Object detection can be handled in one of two methods. 

The students can use a sensor, which is designed to open or 

close a switch upon contact with an object. The change in 

the state of the switch generates an interrupt, which is ser-

viced by the microcontroller. An alternate method is to use 

an infrared sensor to detect a reflected light beam of an ob-

ject ahead. The preferred method is the non-contact tech-

nique, which uses infrared sensors. After the robot has de-

tected its proximity to an approaching object, it uses that 

information to avoid contact. The robot uses two sensors to 

detect whether the obstacle is on the left or right side. The 

robot uses this knowledge to pivot or turn in order to navi-

gate around the object. When necessary, the software is 

used to alter the direction of the robotôs movement by con-

trolling the pulse and duration of either the left or right 

servo motors. The challenge comes from the student having 

to generate the code needed to turn the robot by +90, 180, or 

-90 degrees.  

 

The work done by the three teams is synthesized to ob-

tain an autonomous robot that will execute random wander-

ing with obstruction-avoidance behavior. The microcontrol-

ler program must monitor the sensors, process information 

by executing computation and decision-making statements, 

and then update outputs. Monitoring the sensors and updat-

ing the outputs requires the consideration of real-time con-

straints, which are unique to embedded systems program-

ming and robotics. The flowchart of Figure 5 demonstrates 

the algorithm needed to accomplish this task. 

 

Figure 5. Design Flow Chart 
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Summary 
 

Systems engineering concepts are divided among vari-

ous courses in the curriculum at Queensborough Commu-

nity College, in spite of there not being a dedicated systems 

engineering program. It is an important, but sometimes 

overlooked, concept. For the success of any real-world engi-

neering product, hardware and software developers must 

work in groups for efficacious product design and imple-

mentation. The characteristics of a systems engineering ap-

proach are: Teams work in parallel to shorten the develop-

ment cycle; complex projects are broken down into simpler 

and more manageable modules; and overall success of the 

project depends on each team delivering a quality subsys-

tem. These subsystems are then synthesized into a larger 

system. The concept of team recognition is appreciated 

rather than just recognizing the contributions of the individ-

ual members. 
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