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EDITOR'S NOTE:
REFLECTIONS ON IAJC AND THE 2011 DINT
| NTERNATIONAL CONFERENCE WITH ASEE

)

\

0000000600000000000000000000000000000000000BV00B0OITBOOD
Philip Weinsier, TIIJ Editoin-Chief

As we in higher education and industry reflect back onpeople together at its conference venues, IAJC attracts myr-
the first decade in this new millennium, we realize that theiad journals that wish to publish the best of what its atten-
sharing of ideas and resources is the best way for us to crelees have to offer, thereby creating excitement in academic
ate a better future for the next generation of students, faccommunities around the world. IAJC is a ficdtits-kind,
ulty, and researchers. In the competitive and tight globapioneering organizationt is a prestigious global, multilay-
markets of the 21st century, leading companies across irered umbrella consortium of academic journals, confer-
dustry have embarked on massive reorganizations, mergersnces, organizations and individuals committed to advanc-
partnerships, and all sorts of collaborative projects withing excellence in all aspects of technolaglated educa-
their like-minded peers and rivals in order to not only sur-tion.
vive but grow and thrive. But, as industry changes with
time, so must academia. Conversely, as academic R&D Conference Statistic#\ total of 285 abstracts from more
efforts provide advancements in technology, so must industhan 100 educational institutions and companies were sub-
try provide a quick turnaround from concept to market. mitted from around the world. In the mulével review
However, many academic organizations, journals, and conprocess, papers are subjected to blind reviews by three or
ferences have been slow to adapt and provide the necessanpre highly qualified reviewers. For this conference, a total
platforms for the dissemination of knowledge. of 80 papers were accepted. Most of these were presented

and are published in the conference proceedifgs. re-

Beginning in 2006, the editorial board of the Interna- flects an acceptance rate of less than 30%, which is one of
tional Association of Journals and Conferences (IAJC) emithe lowest acceptance rates of any international conference.
barked on groundbreaking and unprecedented efforts to es-
tablish strategic partnerships with other major rival journals  This conference was sponsored by the International As-
and organizations to share resources and offer authors sociation of Journals and Conferences (IAJC), which in-
unique opportunity to come to one conference and publisttludes 13 member journals and a number of universities and
their papers in a broad selection of journals representingrganizations. Other sponsors were the American Society
interests as diverse as those of the researchers and educatfmsEngineering Education (ASEE) and the Institute of Elec-
in fields related to engineering, engineering technology,trical and Electronics Engineers (IEEE). Selected papers
industrial technology, mathematics, science and teachingrom this conference will be published in one of the 13
These efforts resulted in an innovative model of joint inter-IAJC member journals. Organizing such broad conferences
national conferences that includes a variety of organizationgs a monumental task and could not be accomplished with-
and journals. out the help and support of the conference committee, the

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

IAJC joint and independent international conferencesour sincerest thanks to all for their hard work and dedication
have been a great success with the main conferences beiimgthe development of the outstanding 2011 conference pro-
held in the United States and regional, simultaneous confegram.We personally hope you will seek them out to thank
ences, in other parts of the world. In additional to bringingthem for their fine work.
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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 expertis
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 | 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 conferericascheduled for fall, 2012Please watch for updates on our web siteny.IAJC.org) and
contact us anytime with comments, concerns or suggestions. On behalf of the 20JASEBHGonference committee and
IAJC Board of Directors, we thank all of you who patrticipated 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 journais IJME (the International Journal of Modern Engineering), IJERI (the International Journal of
Engineering Research and Innovation), TIIJ (the Technology Interface International damdlpapers submitted to the

IAJC conferences.
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THE ASCE STUDENT CONCRETE BEAM
COMPETITION : A HOLISTIC LEARNING EXPERIENCE

00000000000000000000000000DD00B00DB0D000O0D0DODO0DDDBODBIOBOT
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

Abstract The paper describes the following:

i Competition details
i Learning aspects, and

In spring 2010, a new event called Concrete Beam Com- i Georgia Southern Univers

petition was included in the American Society of Civil En-

gineers (ASCE) Southeast Regional Student Conferenc:t - .

held at Auburn University, Alabama. About 18 schools par- Ompe'ﬂtlon Deta”S

ticipated in the event. The competitionds purpose is to
sign a 5o0wx60hx200I b eam h aThis nogpetition fLloiricdrporates primaiptlesof both con- g e
enough for a pingong ball to pass through, with the high- crete proportioning and structural engineering. It requires
est flexural strength and the lowest weight. This interestingoroblemsolving and reasoning skills in order to optimize
and challenging event provided a unique learning experithe design and construction of an unreinforced concrete
ence for the civil engineering and civil engineering technol-beam with special dimensional and material constraints. Up
ogy majors, as it encompasses several important aspects wf 30 points are awarded to each team based on (1) sustain-
civil engineering mechanics of materials, reinforced con- ability, (2) weight, and (3) flexural strength of its submitted
crete design and sustainabibtyo that students can clearly beam. The weight and flexural strength reflect structural
see actual applications of the theories they learn in differengfficiency. The flexural strength is determined using a

courses. modified version of a standard flexural test. Sustainability,
an increasingly common requirement in concrete mixture
Introduction design, is evaluated based on

terials and their proportions.

In the spring of 2010, a new event called Concrete Bearri:2 . . .
Competition was included in the American Society of Civil equwed Dimensions and Features
Engineers (ASCE) Southeast Regional Student Conference
held at Auburn University, Alabama. About 18 schools par- The external dimensions for the beam shall be
ticipated in the event. As the name indicates, this competi> O Wx 6 6 hx 2001 with a tolerance
tion is about testing concrete beams, but these are not typi-hese di mensions. The outer 60
cal beams. The most significant difference lies in the restrichereafter as the ends of the beam.
tion imposed that no reinforcement can be used in the beam.
In addition, the beam must be hollow. Also, other restric-  The beam shall have one hole along which am#@
tions apply with respect to the aggregates that can be use@liameter ping pong ball can pass unobstructed from one
With all these stipulations to be adhered to, the chalIengin?’eam end to the other. This hole shall have a centerline
goal is to design a beam of given dimensions made of cefength of at least 19% inches and open only on the ends of
tain types of ingredients (Wlth limits on quantities for the beam. All surfaces of the beam, inCIUding all hole sur-
some), and with no reinforcement, to resist the largest trandaces, shall be free of any nooncrete debris at time of
verse load. submittal. Failure to satisfy these dimensional requirements

will result in disqualification from the competition.

This interesting and challenging event provided a unique
learning experience for the civil engineering and civil engi- Concrete Raw Material Requirements
neering technology majors, as it encompasses several im-
portant aspects of civil engineeriiigstructural mechanics, Only materials listed below conforming to the corre-

properties and behavior of Portland cement concrete, angponding ASTM specifications are allowed to be used in the
sustainability so that students can clearly see actual applicgpncrete of the submitted beam:
tions of the theories they learn in different courses.
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Portland cement (ASTM C 150) Each beamds weight i s deter mir
Fly ash (ASTM C 618) racy to 0.1 Ib. The team with the lowest beam weight is
Slag cement (ASTM C 989) awarded 10 points. The team with the highest beam weight
Chemical admixtures (ASTM C 494 or ASTM C 260) is awarded 1 point. All other points are determined using

Coarse aggregateNo. 67 or No. 57 gradation (ASTM C Equation (1) and rounded to the nearest tenth of a point.
33) [A minimum of 30% coarse aggregate by volume of

concrete is permitted] , o (W—1L)

Fine aggregate (ASTM C 33) Team s points =10 — 9 (H—1) (1)
Any source of potable water is allowed. No fibers, coatingswhereW= t e a md s blLe-domestweighgandi =
or any forms of reinforcement are permitted. highest weight.

Sustainability Beam Flexural Strength

Teams are awarded points based on the overall sustain- The beam flexural strength is determined in accordance
ability of their concrete mixture. Up to 10 points are with ASTM C78 [2] specification. The test setup is shown
awarded for this category. 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-
Fly Ash Use (percent by weight of total cementitious mate-ute until failure occurs. The load that causes flexural failure
rial): of the beam is recorded to the nearest pound.
15% OFly ash content< 30% = 2 points
30% OFly ash content< 50% = 3 points Head of Testing Machine
Fly ash contentO 50% = 4 points

Steel Ball Optional Positions For One Steel Rod
& One Steel Ball
Slag Cement Use (percent by weight of total cementitiou ; w ;

material): [%i9) N
20% O Slag cement contert 40% = 2 points [
40% O Slag cement conteryt 60% = 3 points Sin. ' Load-applying and support
Slag cement conter® 60% = 4 points or Spesimen plecks.
6in.

Portland Cement Use: oy Steel Rod Steal Bally _
Portland cement content 188 pcy= 4 [V e A
points TN TTTTTT T accassory, Steel Piate

N Ch I
188 pcy O Portland cement content 282 pcy= 3 4‘” *Gin,_jfeinl__ﬁmlf o fhame
points . . Testing Machine Span Length, 18 in.——————|
282 pcy O Portland cement contend 376 pcy= 2
points Figure 1. Flexural Strength Test Setup

(adapted from ASTM C 78 2008)

Recycled Aggregate Use (percent by volume of total aggre-

gate content): In this category, a team can achieve a maximum of 10
To qualify as recycled aggregate for the purpose of thioints. The team with the highest beam failure load is
competition, aggregate shall be produced from constructio@warded 10 points. The team with the lowest beam failure
or demolitionwasteof a realworld facility. Recycled aggre- load (of all beams tested) is awarded 1 point. All other
gate may not be manufactured by competitors by makingtrength points are determined using Equations (2) and (3)
concrete for the specific use of recycling it for this competi-and are rounded to the nearest tenth of a point.

tion. _
25% O Recycled aggregate contert 50% = 2 points x= P~ Prmin_ (2)
Recycled aggregate conte@50% = 4 points Prnax — Pmin
Beam Weight whereP= t eambds b e &g=1oaestlload;and | oad

Pmax= highest load

Teams are awarded points based on the overall weight of ' : _ 2
their beam. Up to 10 points are awarded for this category. Team's points = 6.9x" + 2.1x + 1.0 ®)

00000000000080000080000000000000000000830000083000710d0090
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Sustainability, strength, and weight of each beam arecentroid (through which the neutral axis passes) of the beam
considered. Points are awarded in these categories as speciosssection needs to be positioned as low as possible
fied in previous sections. The points awarded in these catehis necessitates that the hole in the beam has to be placed
gories are summed to obt ai motatahe benterefatha &rssectiom b instepdosonmewlat f o r
competition. The team with the most total points wins thishigher. Also, the use of recycled aggregates and fly ash in

competition. making concrete instills an awareness of the importance of
sustainability and environmentally friendly design and con-
Learning Aspects struction.

The important lessons to be learned from this competi-Georgia Southern UniverSity Team

tion event are related to (a) behavior of unreinforced conEXperience
crete beams under transverse load and the effects of miX

proportions on the beambds b aviar and (b the mecha
of materials concept related to flexure, e.g., effects of neu- “rhe Georgia Southern SnIVéI’SIt)) team understood that

tral axis location and moment of inertia on flexural stressestN® WO main ways to reduce weight of the beam included

As the concrete beam is unreinforced, it will fail in a brittle Increéasing the size of _the cresactional void and creating
manner, as soon as the maximum moment reaches tﬁge lightest concrete mix.

beambs cr ac k) abtpineth rameEquatiorn( (4),
which is Equation (@) of ACI 318 [3]

ni c

The team experimented with several different mix de-
signs to find the lightest one with the highest strength. Dif-

where )
1 ferent gradations of aggregates as well as the w/c (water/
M. = frlg (4) cement) ratio were tried to find the best mix to meet the
er Ve 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 aday and 28lay strengths.
They used two different shapes to test the stréntfie

The modulus of rupturef of normatweight concrete is beam for flexural strength and cylinders for compressive

given by Equation (5) which is Equation-18) of ACI 318  Strength (feef?gures 2 and 3).
Building Code [3] F‘ - = ﬁm <

f=75/f (5)

where f°= 28-day compressive strength of concrete.

fr = modulus of rupture of concrete (i.e. tensile
strength of concrete in flexure)

g = gross moment of inertia of the beam cross
section, and

y; = distance from the neutral axis to the extreme
tension fiber of the beam cresection

For lightweight concrete, the modulus of rupture value
needs to be modified using a multiplier. Several different
concrete mixproportions 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 S— : ﬁ

they; value .”“‘St. be minimized, Whll.e maximizing the gross Figure 2. Beam and Cylinder Specimens Being Cured at
moment of inertia,d In order to minimize the; value, the GSU

000000000000000000000000000000000000000000000000080 -
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Figure 3. One of Several Hollow Beams Cast at GSU
Figure 4. GSU Beam Dimensions Being Checked at the Com-

In their final design, they implemented the use of recy- petition
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 firsiplace winner scored 24.8 out of 30.

Summary

The Concrete Beam Competition at the 2010 ASCE

Southeast Regional Student Conference is discussed inFi gure 5. Display of Failure Loac
this paper. The competitionds pubpepbakiheCoppgtiion 5 Gdesign a
50wx60hx200I beam having a holl ow center | arge enough

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

ural strength and the lowest weight. This interesting and

challenging event provided a unique learning experience  \ve gratefully acknowledge our students Dejari Banks,

for the civil engineering and civil engineering technology carys Fincher, Derrell Johnson, Matthew Sands, and Nicho-
majors, as it encompasses several important aspects Ofas Tovar, all Civil Engineering Technology majors at Geor-

civil engineering mechanics of materials, reinforced gia Southern University, for their contributions in fabrica-

concrete design and sustainabditgo that students can tjon and testing of beams, as well as participation at the
clearly see actual applications of the theories they learn incompetition.

different courses.
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M EASURING CLOCK SIGNAL JITTER
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Chao Li, Florida A&M University; Antonio Soares, Florida A&M University

Abstract covery Circuits in signal regenerqting devices or from .+'nter
symbol interference and amplitutiephase conversion
aused by imperfect cable equalization. Systematic jitter
epends on the system itself. Random jitter originates from
internal or external interfering signals such as repeater

In d'g't"?" systems becoming h|gher_ and higher, the J'tte..rnoise, crosstalk or reflections. Random jitter is independent
impact is more and more severe. It is urgent to measure Jit¢ the transmitted pattern [2]

ter accurately. This paper introduces the concept of jitter
and the effect it has on digital systems. The correspondin™

In digital transmission systems, jitter is a very important j
but less welknown phenomenon. With the clock frequency

international standard, from the International Telecommuni- Unit Interval Jitter Amplitude
cation Union (ITU), on jitter is also introduced. A scheme A
will then be proposed to measure the jitter of a fixed yox

frequency (2.048 MHz) PLL clock signal. This scheme uses
digital methods with DSP as the core. It also employs CPLL
in its implementation. This method has the advantage o
being simple, cost effective and, at the same time, easy t \ 4}
implement.

Ideal Signal {§ Jittered Signal

Introduction

s
// \

Jitter Frequency

In the past decade, jitter has become a very importar )
parameter to describe the quality of clqukse signals. In p
digital systems, clock frequencies have become higher an
higher. With this increase in clock frequency, tiny changes
in rising or falling edges will have a bigger impact on sys- Figure 1. lllustration of Jitter and Jitter Frequency [3]
tem performance, such as the integrity of the data, setup and

hold time of the data. The concept of jitter is described i|Clock J_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|

the JEDEC Standard No.65 (EIA/JJESD 65). It is describe:

as fAthe shift of the contr . . 1 resfy
its nor mal positiono. | EE E glock | || ||| |initi

for jitt eterm vafialigne of thér significant in-
stances of a digital signal from their ideal positions in time'ming | == |l |l || | | | |

(where shorterm implies these variations are of frequency™ e ences

greater than or equal to 1 /Z/E/E\ﬂ\s\ t it
an unwanted phase modulation to the original digital signa

The frequency of the change of the phase is defined as _ . .
Ajitter frequencyo, as shown in Flg_uriea.ﬁnPt%erslllust:[atlogoﬁJétter2 .

When talking about jitter, one must consider a closely

related concept, fiwander 0. ) er i s
A T h e -tdrno vamations of the significant instances of a|  Yvander Jitter

digital signal from their | | | | | | | | | | | wher e
term implies that these variations are of frequencies les{m 1m 10m 01 1 10 100 1k 10k AWM 1M 10M

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

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

. . Figure 3. Jitter vs. Wander [3
ence between jitter and wander in terms of frequency. . Hery [3]

Jitter_may deteriorate the transmission performance of a_

. .‘] Pttt e\r can be c I_as S_i _f ied ftal divcuit, ﬁ\staer altto'f ﬁgna‘l dis.j')lécgn{eﬁ)[ fr;()?nrits nra
jittero. Systematic jitter la@Rdtibntittimt "ol ma) b dntrdd&ddCifo te! M !
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digital bit stream at points of signal regenerations. Slip:
may be introduced into digital signals resulting from eithel
data overflow or depletion in digital equipment incorporat-
ing buffer stores and phase comparators. In addition, pha
modulation of the reconstructed samples in digital |
analogue conversion devices may result in degradation |
the decoded analogue signals. This is more likely to be |
problem when transmitting encoded widand signal.

Receive
Threshold
Voltage

Noise Margin

Measuring Jitter
|
To measure jitter, it is necessary to use jitter measurin |

devices. Jitter measuring devices are specialized telecor g, |
munication measuring devices. Examples of general mea Unit

uring devices include voltmeters, power meters, spectrut T Interval
analyzers and noise meters. The requirements for genel (un

measuring devices are frequency range, signal waveform,
dynamic range, ease of use, etc. For jitter measuring de-
vices, be_5|des the above requwements, ther € aré some spe-, industry, because of the rarity of jitter measuring de-
cial requirements. Because in telecommunication system%ices, innovative measurement soluions using general

Q|ﬁerent communication equipment supporting devices arSneasuring equipment, such as digitizing oscilloscopes, logic
inter-connected. Therefore, measuring devices have to me alyzers, redime spectrum analyzers, tirg®main re-

a uniform standard. The International Telecommunicationﬂec,[Orneters signal generators, hiielity probes and
Union (ITU) has set a series of standards for communicatiogjm(,:llysis soﬁware have emergéd to help deal with jitter
measuring equipment manufacturers. As one of these tel‘?ﬁeasurement. Hig;bpeed realime digital storage oscillo-
communication devices, jitter measuring devices have tQqhes (DSOs) are the most versatile, flexible and com-
comply with the international standards. monly used instruments for jitter analysis [5]. On the Tek-
tronix website, the following Q&A shows how to use Tek-
$ronix waveform monitors to measure jitter: [6]

Figure 4. Eye Diagram

The international standards related to measuring jitter ar
ITU-T.O171 and ITUT.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 FMUG.823, ITUT G.824,
which regulate the corresponding parameters and values in
jitter measuring devices in 2048 kbit/s and 144 kbit/s PDH
systems, respectively.

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.

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

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
owever the SMPTE standards for measuring jitter in SDI

With very s_mooth_ and symmetrical trans_iti_ons at the left an ignals specify the use of the phase demodulation method
right crossing points. The eye shape W'” include systemaliqyeg ribed above and implemented in our waveform moni-
as well as random jitters. It also can display the time du”ngcors (See Figure 5)

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 frequenc
and amplitude.

Although these aforementioned methods can measure
¥itter, the problem with these methods is their high cost.

000000000000000000000000000000000000000000000000080 -
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In the following sections, each module is described in detail.

Digital Wide-band X
Signa\+ clock recovery > z Digital )
¥ dF'Fas[e ADC [w{ peak-to-peak |—p Jitler Cou nter M Od u Ie
5 MHz Narrow- | | elector measurement Reading
band PLL (10 Ms/s)

The functions of the counter module are as follows:
0 This module is used to count the number for the 2
MHz in each period.

forf,

0 It is also used to generate error signals. The error
Figure 5. Block Diagram for Measuring Jitter [7] f(;gé]:&rﬁ t%i”;ﬁtﬁg sv:/g;]r?zgl the 100 MHz signal is used

Most of them use expensive aenesaipose high 0 Itis used to count the expanded error signal.
b » genqparp g 0 Generate the interfacing signals such WR, Clk_En

resolution measurement devices. In this paper, the authors
propose a simple and cesffective 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.

for the data storage module.

The counter values are outputted using drit&lata
bus to the data storage module.

This module is implemented using XC95108 by Xil-
inx. XC9108 is a CPLD, which is good for the design
of digital circuits.

DSPbased Jitter Measurlng Scheme Figure 7 shows the corresponding waveforms in the counter
module.
The rest of this paper will deal with a digital jitter meas-
uring method using a Digital Signal Processor (DSP). The A. The 2.048 MHz PLL clock signal, which needs to be
measured PLL clock signal was 2.048 MHz. Figure 6 is the measured.
block diagram of the design. The main design concept was B. The 1 MHz pulsewave after frequency division by 2
to get an accurate time in each period and then, using digital C. The inverting waveform of (B)
signal processing methods, process the data. In order to getD. 100 MHz clock signal for the counter
the exact time, a 100 MHz clock was used as a counter E. The error pulse generated at the rising edge when (B)

clock signal in each period. But using a 100 MHz clock waveform is counted using 100 Mhz
signal, it was only possible to get a time resolution of 10 ns. F. The error pulse generated at the falling edge when
In order to improve the time resolution and, thus, to im- (C) waveform is counted using 100MHz

prove the measurement of jitter, the error pulses generated G. The expanded waveform of (E)

by the 100 MHz clock signal and the 2 MHz signal were H. The expanded waveform of (F)

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

used again to count the expanded error pulse. Thus, if K is In the counter module, the 100 MHz clock signal counts
10, the time resolution can be improved to 1 ns. It can béhe four signal channels, B, C, G, and H. Thus, there are
seen that the design has the following blocks: Counter modfour 8bit counters in this module. The counter will start
ule, pulsewave expansion module, data storage module argpunting the B waveform when it is a logical high such as
data processing module. Except for the pulsewave exparguring T1 and T5. Similarly, the counter will start counting
sion module, which was an analog circuit, the rest werghe G waveform during T2 and T6, C waveform during T3

digital circuits. and T7, H waveform during T4 and T8. Basically, when the
signal is a logical high, the counter starts, while the signal is
2.08M a logical low, the counter holds the value. Since it is possi-

Clock

—————»]  CounterModule "1 DataStorage Module [~ DataProcessingModule

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

ﬂ‘ xpanded imorpue 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,

Error Pulse

Module by time division to output to the data storage module.

Figure 6. Block Diagram
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2.048MHz
(2MEZ)

| | 1 [ ] |' such route, then it takes several ns for the current

{ (A . .
source to reach the steady state, then it makes it im-

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

IMHz | : — only several ns long.
tl 85 [ | B Yy When the error pulse comes
é ! ’ ; — Now the transistor is in on state and capacitor C1 will
' discharge through current source 1. But since 12 is

u_mz. N () still charging capacitor C1, the real discharging cur-
' — — rent is 1%12.

—
=]
-
|<
|=
@
2

L2341

(B : : T

Positive j I o
efror | ||
| ST R R S H ] B R e o K
i H
| Ll : : Ot ;RS 2SEE307 L s <
{ 1k0 TS
e e N =
"

- . | [25C3357
Negative | )
etror | (F) " Elror puldel R4 oo

3 I'v.1A 913
1k Ii‘/’
| | | T R L 4 i
Positive 1ka s
exror | | ST FEEE L] T S| L B
expmsﬂ 2 ] ' % | (@ RS : : i : : : : :
f f ' i : : il : o Expandeerrorpulee - - -
Negative ] S . . .
error ' [ Figure 8. Diagram of Error-pulse Expansion
expansion
P « " H) The following figure shows the waveforms at different
points.
Figure 7. Waveforms of Counter Module (@) The voltage across C1
) (b) The input error pulse to the base of transistor Q1
Error-pulse Expansion Module (c) The expanded error pulse.

The errorpulse expansion module is used to increase the In the (B) waveform in Figure 9, 10ns is added to the
accuracy of the measurement. The principle of gotdse front of the error pUlSG. The reason for addlng 10 ns is be-
expansion is using two LM234, which can act as current ~ cause in the charging and discharging circuit, the beginning
sources. One is used to charge a capacitor and the other isstage is not exactly linear. This area should be avoided by
used to discharge the same capacitor, which will generate addding 10 ns to the error pulse. The selection of Vref also
charging and discharging waveform. The charging time is depends on the added 10 ns pulse. In the debugging state,
controlled by the error pulse. The generated waveform thenOne can generate a pulse equal to 10 ns. The reference volt-
is converted to a pulse waveform. The time of pulse will be age, Vref, should be the minimum voltage in waveform (A).

K times that of the error pulse. Figure 8 shows the diagram There will be no output voltage at this moment. The output
of the pulseexpansion circuit. The MAX913 is a compara- ©f the comparator will be the expanded error pulse.
tor. The 2SC3357 is higliequency transistor with a work-

ing range of 1 GHz. The expansion factor is:
The selection of the capacitor will satisfy that the 20ns
The following is how the circuit works: error pulse will make the voltage change about 2V. The
Y When theredés no error pul sugentsofllandI2can be controlled by R3 and R6, re-
— The current source will charge capacitor C1 with spectively.

current 12 (12=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 The slope of charing curve___ 11-13 "

route to the current source. Because if there is no K= - , 1= +1=—
The slope of discharging curve 12 12
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Figure 9. Waveforms for Pulse Expansion

Data Storage Module

da
to

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

to

Data Processing Module

The data storage module is used as a buffer to store the
ta from this counter module. A FIFO IDT 72230 is used
do this. IDT72230 has 2Kx8 storage space. When it i

the 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 ]|tter The The counter value is N, thusy the maximum error gener-

interrupt from the FIFO is used to trigger an interrupt ser-ated by this jitter measuring scheme is 0.5 ns. If the error
vice routine to read out 2K data from the FIFO. The otherpyise expansion circuit is not used, the maximum error will

external communication DSP is through an RS 232 cable. pe 10 ns. From the above discussion, it can be seen that er-
ror-pulse expansion is a crucial part of the design.

ing module. The method to measure jitter is to get the exa
value in each period of the clock signal. In order to get th
exact value, three data from the counter module are needed.
From
period

The following explains the algorithm in the data process-

61
T1,

t1,
T2,

t 2,
T3,

Figure t 3,

(ns),

t1=(T1—1) =10 4+ Front_error + End_error

Since

End errar af T1 = 10ns — Front error of T3

Fronterrorof TL=T2=* 10

Expansion rate K

10

t1=T1=10+(T2—-T4)s —M—————
Expansion rate K

tn = Tn + (Tn+l - Tn+3j * 10-';'!{

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 thd 4ligit after the
decimal point.

After frequency division of the 1MHz signal and
its inverting signal, the edges are in line with each
other. Therebds no ti me
by putting timedelay buffers in the CPLD design.
The linearity of the errepulse expansion circuit is
good enough. This is being satisfied by choosing
the right working region for the charging and dis-
charging circuit.

()

3)

Next, use errepulse expansion K=20, for example, to

nalyze 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

10Nns < T < 10(N + 1)ns

Results

The following js ihe resailof sinspidal modulated jitier r

using a 100 MHz clock signal. From Figure 6, it can betime of each period in ns.
seen:
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467463 4605461 464 . 5 469 éé. 4 3 507 511.5
514 518 515. 5 510 507éP%%.f§Er6ep.Cr§% 462.5
45% €463 .5 467 471¢¢

[1]

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[2]
the jitter can be obtained from the data. Jitter in each period
is the absolute difference of the actual time with 488 (1 Ul).
In a practical case, the jitter is random. Then, one needs el
get the spectrum and the amplitude of the jitter for different
frequencies. 4]

The following table shows when the frequency of the
clock signal changes, the measured maximum and minimurl]s
times for each period will also change. The signal used i
not modulated with sinusoidal signals. It is just the output
from the function generator (Model: SFX320, 20 MHz

DDS). -

Table 1. Results
(7]

ITU-T O.171 Timing jitter and wander measuring
equipment for digital systems which are based on the
plesiochronous digital hierarchy (PDH).

ITU-T G.823 The control of jitter and wander within
digital networks are based on the 2048 kbits/s hierar-
chy.

Principles & Metrics of Jitter and Wander, Technical
Article from William Pacino, March,1997. http://
users.rcn.com/wpacinof/jitwtutr/jitwtutr.htm,
Johnni e Ha-bderstakding iff Mdasueng

it Eli minating ito Summit
Frequency Electronics, 2004

AiMeasuring Jitter in Digit:
Note 14481,
http://cp.literature.agilent.com/litweb/pdf/5988
9109EN.pdf

Tektronix website  http://www2.tek.com/cmswpt/

fagdetails.lotr?ct=FAQ&cs=faq&ci=12042&Ic=EN
ATektronix Jitter Measur e me

Input clock Maximum | Mini- Average cation Fact Sheet,
frequency/period | period mum period http://www.imex.ie/files/u3/
period tekjittermeasurement_pdf 21384.pdf

2MHz/500ns 505ns 496ns 500.6ns [8] Texas Instruments TMS320C2XX User Guide.

2.028MHz/493ns | 498ns 488ns 493.5ns Biographies

2.048MHz/488ns | 493ns 483ns 488.8ns CHAO LI is an assistant professor in Electronic Engi-
neering Technology Program in Florida A&M University.

2.070MHz/483ns | 488ns 478ns 484.1ns He got his PhD in Electrical Engineering from Florida Inter-
national University. He worked for telecommunication and

2.222MHz/450ns | 456ns 445ns 450.3ns electronics industry for five years before he entered acade-
mia. He may be reachedd@tao.li@famu.edu

) ANTONIO SOARES received a Bachelor of Science

From the results above, it can be seen that the-DSRyeqree in Electrical Engineering from Florida Agricultural
based jitter measurement scheme works for 2.048 MHznq \Mechanical University in Tallahassee (FAMU), Florida
pulse clock signals. With an errpulse expansion module, i, pecember 1998. He continued his education by obtaining
the accuracy of the measurement is greatly improved. a Master of Science degree in Electrical Engineering from
FAMU in December of 2000 with focus on semiconductor

Conclusion and Future Work devices, semiconductor physics, Optoelectronics and Inte-
grated Circuit Design. He then worked for Medtronic as a

In summary, this paper presents a feasible jitter measurull-time Integrated Circuit Designer until November 2003.
ing scheme based on DSP. Using an epidse expansion Antonio started his pursuit of the Doctor of Philosophy de-
circuit is an innovative way to improving jitter accuracy. 9r€€ at the FAMU in January 2004 under the supervision of
Compared with jitter measuring using expensive digitalPr- Reginald Perry. Upon completion of his PhD, Dr.
oscilloscopes or waveform monitors, the proposed metho@ares was immediately hired as an assistant professor

is easy to implement and cost effective. It can be developebll €nuré Track) in the Electronic Engineering Technology
into a specialized jitter measuring device in the future. department at Florida A&M University. He may be reached

atantonio.soares@famu.edu
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THE EFFECTS OF GENDER ON VISUALIZATION AND
TECHNICAL PROBLEM SOLVING IN TECHNOLOGY
STUDENTS

00000000000000000000000000000000000000008000007100800
Doug S. Koch, Southeast Missouri State University; Sophia Scott, Southeast Missouri State University

Ab t t their direct relationship to the graphical communication
stracC : . NS
associated with de svisgafization( p. 4)
This initial stud d di d . . skills have been shown to correlate to success, achievement,

h f'fs |n|t|af stu dy was con lIJ.Cte. In ord er t(t))llnvestllgateand retention in engineering programs and success in

the efiects of gender on visualization and problem SolViNg.,5hematics [3]. In problem solving, a mental model must

Th? paruupants were 47 students enrqlled in two d'ﬁeremﬁrst be created and, regardless of the representation, that
solid modeling classes at Southeast Missouri State Univer: ent al construction is the @i

sity. There were 13 females and 34 males that participated | |\, i n, géproblem sol vibase maequi r

in the study. The control group was comprised of 23 stuy, pul ation of the problem spac

dent§ of dthICZZSIX évere fefmarllg ﬁmd the experf|men|tal 9roUkbrevious research points out that there are often differences
consisted o Students of which seven were female. in visualization skills of males and females. Males, as a

. whole, tend to have higher visualization scores [5].
The study was a posttest only design that used the Pur- g [5]
due SpatiaVisualization TesWVisualization of Rotations Technalogy education hFS placed great emphasis on

(PSVI-R) to measure t-wsalizationu d gL Qiving, Bet fitle & known about how individuals
skills. Logistic regression was used to determine if there

. o ) i approach solving problems and what skills or tools are
were gender differences and if utilizing solid modeling soft- \o04eq 1o better solve problems. There are no standardized
ware offset any hypothesized differences. Both groups WeTthstruments for measuring problesolving ability. As more
given a problem which required them to design and cons

truct tot f thei uti Th rol demales enter into technology fields, more information is
struct a prototyp€ of their solution. The control group US€Ghaeqeq to determine if differences in visualization and prob-

sketching as their design method and the experimentl, soing exist and how to overcome those differences

group used solid modeling software to design their solu-,q \yhat tools and techniques are needed to do so. The po-

desi . ¢ d d ith ful ential exists for students to be able to better visualize prob-

esign rfec|w|remen S and scored as either Successiul or Usyg \when designing with 3D representation. Research
successtul. dealing with assembling objects shows that students tend to
- N .. do better when they can view a physical or 3D object as
The findings revealed that there was no significant d'f'opposed to 2D drawings [6]. Few dispute the importance of

ference between the males and females in this studyein, apie to solve problems, but more information and

(p=.069). Because there was no significant difference be'research is needed on how individuals solve problems and

tween t_he|r wsugllza'.uon. scores, there were also no dlﬁceri/vhat methods, instruction, and experiences can improve this
ences in how visualization affected their probisoiving

ability (p=.98). Thus, for this study, it was found that the ability. The potential of gender differences needs to be in-

21 visualizati £ th | d7 les did i vestigated with the significant emphasis on problem solving
spatial visualization of the males and females did not differy the crucial role that visualization plays in problem solv-
and that the use of sofidodeling software for this design

problem did not offset any hypothesized differences. n9-

. The purpose of this study was to determine if there are
Introduction differences in the visualization and problswoiving abili-
ties of male and female technology students and, if differ-
Problem solving and spatial visualization are both areagnces exist, does the use of solid modeling offset those dif-
of critical importance to technology and engineering educaferences.
tors. Spatial visualization has been identified as one of the
most important skills related to engineering and technicaResearch Questions:
graphics [1]. Devon et al . [RR} Dosthe gpatiatisyaliation aljlides of malesand v i s u a
skills are an important component of engineering because of female technology students differ?

00000000000080000080000000000000000000830000083000710d0090
16 TECHNOLOGY INTERFACE INTERNATIONAL JOURNAL | VOLUME 11, NUMBER 2, SPRINGSUMMER 2011



000000008000080000000008000088030000000000900083000790d20

RQ2. Are there diff er enc e sexpereanenyexannec sivdentshanrolles én aa endinetrimg
mal esd® visualizati on s k igraghiss caufsé at the UnivensityiofrIdalpor Sixty kegem pas-o | v

ing ability? ticipants, 41 of whom completed the study, were divided
RQ3. Does the use of 3D modeling software offsets po- into three groups. Each group was pretested using three

tential gender differences in spatiasualization tests: a mental rotations test; a paper folding test; and a ro-

ability? tatedblock test. The rotatedlock instrument was devel-

oped by Gillespie and is similar to the Purdue Spatial
The knowledge gained from this study can benefit bothVisualization TesVisualization of Rotations (PSVR)
educators and students who focus on problem solving anfP0] used for this study. One group was treated with ten
visualization. Determining if gender differences exist canweeks of seventeen modules on solid modeling. The two
influence how educators teach problem solving and the imeontrol groups received traditional 2D graphics instruction.
portance of developing strong visualization skills. Informa- All groups improved their scores from pretest to posttest,
tion gained in this research can also provide insight on thand the treatment group improved significantly over the two

role solid modeling plays on visualization and the problemc ont r o | groups. Since Gill esp
solving process. modeling technology and software has changed a great deal.

The software at that time typically involved the use of wire-
Review Of Literatu re frames, Boolean operations and, oftentimes confusing

movement of a user coordinate systems (UCS) icon. Kur-
. ] . . land [8] contends that modern sehlisbdeling software is
Spatlal Visualization simpler and more efficient to use. The images are more real-
istic with rendered representations. This makes visualization
The term visualization is often used in many different easier and accelerates or improves the advantages of using
ways, so it is often difficult to understand or interpret the solid modeling [2].
true intent of its use. Visualization research from the late
18006s to t h_e 197065_ i_ d?”_tGéﬁd@ﬁDiﬁéﬂ‘@nC@QbfGSpaﬁé‘Ct ors that
peared from several factorial analyses: spatial wsuahzauon\/ . .
and spatial orientation [3], [7]. McGee [3] defined spatial isualization
vi sualization as fAdan ability to mentally manipul at e, ro
twist, or invert pictori al | yhe gse&fsselignodeling Gurricsllum is anseffactives | i o
and that spatial visualization involves recognition, retentionway to close the gender gap in spatisualization skills
and recall. Guilford and Lacey, as cited by Mack [8], definel[2]. Several studies found that differences exist in the spatial
spatial visualization as the ability to imagine the rotation of-visualization abilities of males and females3[1 [9]. Stud-
depicted objects, the folding or unfolding of flat patterns,ies of younger children showed litle or no spatial
the relative Changes in position of an Object in space, or théisualization differences between males and females prior to
motion of machinery. Stated somewhat differently by SmithPuberty. After puberty, significantly different levels were
and Strong [7], fdspatial vavideptawih malgshavinga higher apilgyeln stigjes where y ¢
nipulate an object in an imaginaryDB space and create a differences were evident, males typically had stronger visu-
new representation of the object from a new view- alization skills [2], [3] and there were no Significant gender
pointodo (p.2). Mc Gee [ 3] sdifferenges reppriedy when dhe &-alljagd) Spriggr seraeftersa t i
ii nvolves the comprehensi oWeregxpmingdseparaiely.(Therpecéonsdhatirecelyqd exign- e -
ments within a visual stimulus pattern, the aptitude for re-Sive solid modeling showed clear gender differences. Possi-
maining unconfused by the changing orientations in which &€ reasons given for this by the researchers, besides the
configuration may be pr es e reffestyd solid mpdeling, include: 1) there were more fe-
males in those groups, and 2) the lower pretest scores of the
Visualization was not thought of as a reflection or measfemales made for larger gains than many of the males. In
urement of intelligence and until recently had not receivedGi | | espi eds study [1], gender
the same emphasis as verbal skills. Spatial visualization angignificant at the .10 level, but this finding was not consis-
spatial orientation are shown to be more highly correlated€nt with many previous studies. He found that the females
with technical, vocational, mathematical, and occupationahad higher spatialisualization scores. Possible reasons for
domains than verbal ability [1], [4], [5]. Research supportsthis were that the small number of females (5), may not
the idea that visualization can be learned and improvediave been a representative sample, and one female had ex-
through practice. Gillespie [1] studied the effects of tutorialsceptional gains, which skewed the results.
for teaching solid modeling on visualization. His quasi
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Whether or not current 3D software can affect or offsetbenefit socially, culturally, or intellectually [4]. The basic
these differences remains to be determined. The softwarenit in problem solving is an action and, if more than one
has evolved to the point that making and testing 3D modelsolution is available for a certain problem state, a decision
is much easier than it had been in the past few years. Theas to be made [14]. That decision can be based on learned
ability to capture and create a model three dimensionallyk n o wl e d g e, bi ases, Al ookahead?ad
while working toward a specific problem goal, may affect factors.
or lesson the cognitive load on an individual. This reduction
on cognitive load could possibly offset gender differencesTechnical Problem Solvin@hildress [15] defines technical
that are related to problem solving and may help with visuproblem solving as:

alization as well. The problem solving processEé
the processes of technology in engineering, archi-
Problem Solving and Design tecture, industrial workshops, research and devel-

opment laboratories, the home, the office, and

Problem solving is important to technology educators field, etc., and certainly the technology education

because they are trying to get students to problem solve as a laboratory. The processes of technology em-

means of doing. McCormick [10] states that research ployed to_solve_problems of human need or want
ishows that action affects tChHAaRgizedhs methad,(§94) i nking affe.
action.o (p. 23). Students
the problems they face and react to the changes they e
counter. He also contends that problem solving is the mo
important procedural knowledge that occurs in technologl
cal activity. Jonassen [11
the heart of practice in the everyday and professmnal con

n d e bl e to h i and
l\ﬁc%ade [izfdeﬂ%es tecahnical problem sotlvingI spmﬁarly
ut further divides it into three categories: design, trouble-
shooting, and technology assessment.

]External aRepresentg;ltlgns and ano[)Iem éoﬁn%obf‘eo l ving

texts.éevery secondary c?OIV”}g &S A Pasig ¢o pon nﬁqé@aé}X t?CBnﬂlog'Cé“#
should require students (?Frbéem opvi I S!fa ign & Ie'”
portant question is whether or not there are dlfferences b sed in many’ tec ”0 ogy and engin ermg tec nology

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
roblems is being able to visualize objects in different ori-

tween males and females related to problem solving.

Little research related to gender differences and techni
cal problem solving has been conducted. Several studiel}
related to mathematical problem solving report that there® entations and possible solutions to problems. External repre-

are gender differences. Males typically outperform female?em""t'or‘.S are a cruma_l part Of. many probisatving activi-
in many of the studies. Zhu [5] points out that there aretles particularly technical design. Jonassen [16] states that
many hypothesized reasons for this such as cognitive abIIIaII forms of external representation are important because .
ties, spatial abilities, verbal abilities, biological factors, and" € X :de rnal q Ip ro l?l I | em repr els € ncti atl
environmental factors. From a technology standpoint, Wef orm of dynamic models, enable learners to manipulate an

often utilize design as one form of problem solving. est their modelso (p.377).

A modern tool used for design and external representa-
Problem solving and design are often used interchangea-
bly. McCade [12] argues that this is too limiting becauset'on is computer aided design (CAD). CAD has evolved
from the simple replacement of traditional drafting equip-

problem solving often involves much more than just design, o ; . :
designing is a type of proactive problem solving. The ma “ment to a very sophisticated, highly visual design tool. The
jority of the design in most classrooms is new product de- earlier CAD programs used the computer to generate lines
sign. New product design is only a small portion of the de- for 2D drawings. As the software and hardware advanced,
sign that is conducted in reaorld situations. Most designs these 2D drawings C.OU|d be converteq into .3D objects that
require some form of troubleshooting in their development,® computer recognized as having height, width, and depth.
but troubleshooting can also be a separate component e software used_tg create these earlier 3D.0bje_cts was still
dealing with existing artifacts and systems. D ba_sed; they orlgl_nated from and were primarily used to
draw in two dimensions. Modern software used for solid
modeling often functions in the reverse order; the three
é}llmensmnal object is drawn and then tdimmensional, or-
thographic drawings are generated from that model. Advan-
lages are perceived in using this latter order because we live

Components of a ProblerRroblem solving is the process

only two critical parts of a problem: 1) an unknown entity in
some state; and 2) finding the solution must have som
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in and interact with a threégimensional world. Design

Murray [17] identified the following advantages of mod-

i id modeli t Y del The design for this study was an experimental posttest
ﬁ]rg spo?‘tr\?vr:ree'nc Solid modeling software over earlier mode “only design. The randomly assigned participants first com-

pleted the PSVAR. The control group designed a solution

° Easiertouse to the problem using sketching and then physically con-
0 Ea3|¢r for V|sual.|_zat|on structed their prototype with the provided materials. The
6 Provides the ability to see the model grow and de- experimental group participants each uBedDesktopsolid
. velop . L . modeling software and sketching to design their solutions
0 Often aIIovvg resolving d?s'gn ISSUes qwcker. and then constructed a prototype with the provided materi-
0 Has the ability tp determine material properpes als. The physical models or prototypes were then scored as
0 Models are easily converted to other graphic forms either successful or unsuccessful.
for marketing, advertising, etc.
0 Finite element analysis (FEA) can be performed on Independent VariablesThe independent variables in this
o solids. : . . . study were: 1) The gender of the participants; 2) The
6 Canbe "”k‘?d directly to manufacturing operations . ayhoq the participants used to design their prototype; and
such as rapid prototyping and CNC 3) The par t-visulipation abgitp. Pastipigants a |

in the control group used sketching in the design of their

With all of thesg adva_nces., _co_mputer_models canno rototype, while the experimental group udeaDesktop
always replace physical objects; limitations in hardware an olicmodeling software for the design of their prototype.

software stil exisf[ [18]’ [19].' The pogsiple bengfits and Spatial visualization was measured with the PSR/T
drawbacks of design instruction are still in question. How

solid modeling software a_f f rifetPEVTR fedt %fsraésiﬁn%d t& ltﬁeiaéunjetth¥ pahia— de
and solve problems needs to be better understood. Previo Santso abilit y to viisansiond ze t |
studies show that students with high visualization skills ar objects. The format for the PSV was 30 questions. Raw

often better at design and assembly operations. A PrMary.ores were used for this study so 30 would indicate that all

q_uestll_ontaddreks_ﬁed dby this SJUdy |s:“gofdenl1_ales hf?ve Ioweéo problems were answered correctly. A sample RBVT
visualization skills, does modern so eling software . ,astion is shown in Figure 1.

provide students an equal or improved opportunity to solve
design problems?

Methodology 1 @ IS ROTATED TO ‘@

Selection of Participants

.. . As IS ROTATED TO
The participants consisted of two classes from the Indus- @

trial and Engineering Technology Program at Southeast

Missouri State University. One class was an introductory

A 8 -] D E
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 Figure 1. Sample PSVT/TR Problem

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

and 34 males in this study. Six of the females were in thd?ePendent VariableThe participants were instructed to
control group and 7 were in the experimental group. Thed€Sign @ mechanism that would convert rotary motion to
majority of the participants were technology education, enteciprocal motion and move a block forward a fixed amount

gineering technology, and graphics technology majors invithin specified tolerances. Upon completion of the design,
different stages of their academic programs. 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 10 poRyesSlf”);Sr ene foam
(see figure 2)

2. Hot glue gun Descriptive Statistics

3. Glue sticks

4. Double sided tape The mean score for the PS\R for the 47 participants

5. Wood glue was 22.26 with a standard deviation of 4.55. The mean
6. Masking tape score for the 23 participants in the control group was 21.49
7. Duct tape with a standard deviation of 4.39. The mean score for the
8. 10 dowel rods experimental groupds 24 partic
9. 3/ 80 dowel rods dard deviation of 4.66. See Table 1.

10.i 06 dowel rods

11. Foam core board Table 1. PSVT Scores

12216 rigid foam

13. Corrugated cardboard Group N M SD

4.1 0 hardboard Control|  23.00 21.49 4.39

151 6 plywood

16. Assorted nails, screws, bolts, and nuts Exp. 24.00 23.00 4.66

Five participants of the control or sketchiagly 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

Group | Successful Unsuc- | Total | % Suc-
cessful cessful
Control 5 18 23 21.7
Male 4 13 17 23.5
Female 1 5 6 16.7
Figure 2. Polystyrene Fixture Exp. 6 18 24 25
Male 5 12 17 29.4
The prototype had to successftutt+ty—agvancer—three—317 50 X
1.50 X 30 blocks a distanceFerBafeTS.Slc‘J with al| tlolle¥nde of
orminus/g0. The prototypes were scored as either success-

ful or not successful. If all three blocks successfully ad- . L
vanced the requpreacl 8oawece BQ1y0p thg gpgtiavigualization abilities of male and fe-
two possible attempts, the prototype was scored as a sufale technology students differ?

cessful solution to the design problem. . ) )
Males have been found in many studies to have higher

This either successful or unsuccessful value was the desPatiatvisualization abilities. The analysis of this study was
pendent variable. The evaluation was limited to only suc-Similar to a minority of others in that it was found that the
cessful or unsuccessful because this and mardefihed ma}l_es did not have significantly higher spatmiu_allza_tlon
problemsolving activities may have multiple, correct solu- ability. There were 13 females and 34 males in this study.
tions. For this problem, the participants were only evaluatedThe males did not show a significant difference in visualiza-
on the stated objective and were not scored relative to othdfon F(1,45)=3.475p=. 069, from the femal

aspects such as creativity, durability, or manufacturability. SCOTes (see Table 3). Although, the males did report a
slightly higher mean scoreME23.00) with a slightly

smaller standard deviatiolsD=4.55) as opposed to the fe-
males 1=20.31,SD=5.33). See Table 3.
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Table 3. Gender Differences in Visualization Scores chosen because of their similar exposures to drafting, de-

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

2
Source df F r P d participated in the study, which make significance and gen-

Gender | 1 | 3475 [0.072| 0069 | 0.608 | ©ralizationdifficult

Group N M SD The purposes of this study were to determine if the spa-

Males 34 23.00 455 tial-visualization ab|I|t|§s of male a.nd fgmale technology
students differs; if there are

Females | 13 20.31 5.33 and femalesd visualization ski

ability; and, if the use of 3D modeling software in the de-
RQ2. Are there difference ssignbadd progiktion di @ prototyyse Ifoe & @chnical design e -
mal esd6 visuali zat i o4solviemgkabil- | sroblem foffsett potehtiali gendep rdiffebehcesmin spatial
ity? visualization ability. Previous research shows that males
typically have higher visualization scores than females. The
Because the dependent variable, successful or unsuccesgsults of this study were similar to those of the study con-
ful completion of the model, is dichotomous, logistic regres-ducted by Devon et al. [2] in which the male participants
sion was used to determine if there were any significantid not show a significant difference. This may be due to
differences between visualization, gender, and method of he f emal e participantso6 past
design used. For all of the participants it was found thalated to engineering and technology. The populations for
spatiatvisualization skills, as measured by the PSRT  this study and the Devon et. al. [2] study were limited to
was a significant predictor of successfully solving the de-engineering technology students and not representative of
sign problem. The coefficient on the visualization variableall females. Other studies that examined more diverse popu-
has a Wald statistic equal to 5.313, which is significant atations often found that males had significantly higher visu-
the .05 level =.021). The overall model was significant at alization scores [B], [9].
the .05 level according to the model -slgjuare statistic.
Analysis revealed that there were no significant differences The femal e studentsd visual.i
(p=.98) between the males and females as would be eXerent from the males. One could conclude that additional
pected since there was no significant difference betweeinstruction or varied instruction for the females is not
their visualization scores and such a low number of femalesneeded. This may be the case but, with the limited number
of participants, it is difficult to generalize these findings to
RQ3. Does the use of 3D modeling software in the desigall female technology and engineering students. Providing
and production of a prototype for a technical design prob-opportunities to increase visualization abilities would bene-
lem offset potential gender differences in spatial fit both male and female students that are struggling with
visualization ability? the needed visualization skills. Doing so could help with
student success and retention as well. Many of the tasks
It was hypothesized that if using solid modeling reducedundertaken in the classroom and the profession relate to or
a participantods cognitive tequitedvisualizationcskille brdl stiemgthenind theyn wouddk e
alization easier for the participants and, thus, offset any difpenefit the students greatly.
ferences in their measured spatimualization ability. Be-
cause there were no gender differences found in visualiza- Because there was no difference between the male and
tion scores, the analysis showed that the method used fdemale visualization scores, there was no possibility of the
this particular problem was not significap=(753) and did  modeling software offsetting any differences related to spa-
not offset any gender differences. Without significant differ- tial visualization. For these groups, it was found that using
ences in the visualization scores of males and females, it ihe modeling software had no significant impact. Visualiza-
not possible to have a significant difference regarding theion was a significant and better predictor of being able to
use or lack of use of modeling software. solve the design problem.

Summary and COﬂClUSiOﬂS 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

Caution must be used when generalizing the results of - - . . . .
. . . articipants reinforces several basic strategies regarding
this study to others because it consisted of only two class : . . ;

esign problem solving and -#itructured problersolving

of randomly assigned engineering technology students from ~~ %, L
Southeast Missouri State University. These classes Wer%Ct'V't'eS' Many of the participants seemed to feel that they
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had successfully completed the problem but overlooked the
specific requirements. This pointed out the importance thaf6]
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 [7]
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 tranf3]
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[9]
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 §t0]
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. [11]

Continued research related to gender differences in spa-
tial visualization and technical problem solving is both war-[12]
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 usfl3]
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
solidmodeling software is needed to determine if the tech{14]
nology might improve problem solving or visualization.
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ENGINEERING CLASSES
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Ronald P. Uhlig; Alireza Farahani; Shekar Viswanathan, School of Engineering and Technology, National University, S&#ADiego,

Abstract 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-

%eerlng students must learn to grasp many complex and
explicating abstract multidimensional information structures Ssometimes abstract logical structures and processes. A few
and processes that can be difficult to grasp. A methodolog%Xamples include Queues, Trees and, more generally, data
using Tablet PCs and interactive software was developed Bructures in computer science; various kinds of database

enable lstudents '”t telecomrmmlcatlons land computter SCHesigns in information systems; layered architectures and
ence classrooms 10 grasp these compléx concepts moE%mplex telecommunication protocols in data networks;
quickly and easily. The presentation of theory by the in

“digital signaiprocessing algorithms that are necessary to
structor was immediately followed by reahe interaction g gharp g ag y

. ) ; generate, transmit and receive multiplexed radio signals;
between students and instructor during which students e”l:om lex mathemati cel equations, a d graphs: a al r|ad

ploy ed. the theory while -i to thifs ofspﬁyél struttdtes ﬁ”u il erﬁghe@r

term memories. veylng 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 tweear 2007 HP Technology for
Teaching! 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.

Teaching engineering and technology subjects involve

o} S

Two hypotheses were investigated:

#1 Complex datsstructure 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.

Related Research

Data captured from both students and instructors are
analyzed in support of these hypotheses. Examples of spe- Denning, Griswold and Simon [2], Koile and Singer [3]
cific exercises given i n c bhsawlbkasa rumhberrofotherd, have repdrteddhatuging dab-a n s
are discussed. In addition, quantitative data showing imiet PCs in the higheeducation classroom not only posi-
provements in scores on exams are presented. Finally, aively impacts student learning but also expands the modes
analysis of questionnaires completed by students is preavailable for communication between instructors and stu-
sented. The results of the study confirmed both of the hydents. Researchers at the University of Washington have
potheses. The study showed that the methodology employe@ported on the use of Tablet PCs in the higithrcation
not only improved student exam scores but also promotedlassroom using Classroom Presenter software. Atepth
their critical and innovative thinking skills. The results of discussion of Classroom Presenter and its impacts may be
studentsé6 surveys confir mefdounhdati nstWdehmand&sl| Unitvhertsiusy
Tablet PCs enabled them to learn complex engineering madissertation [4]. Simon et al. reported on experiences in us-
terial faster and in greater depth and be better engaged ing a Tablet Pébased system with Classroom Presenter in

classes. computer science courses [5]. Researchers at the University
of California at San Diego (UCSD) have made enhance-
Introduction ments to the Classroom Presenter software. The use of this

enhanced version, named Ubiquitous Presenter [6],

. here ation classrooms is dlscussed |n a numbher of
In his famous essay, EUgeex&le épgrg[e][s]comment ,

miracle of appropriateness of the language of mathematics
for the formulation of the laws of physics is a wonderful gift Anderson et al. [9] have reparted that the of Iearnlng _

which we neither understan giew&-g ih the oite highbrEducitio c%%sro%neeﬁhadc S
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student engagement in the learning process, while Thom
and Carswell [10] have observed that collaborative Iearninzﬁ/IethOdOIOgy

is a powerful tool for distributed environments. A number o

of papers [1113]have reported on the power of digital ink Each orsite Instructor and every studgnt had a Hewlett

in teaching. The relation between active learning and use ol?ackard Tablet PC equipped V‘."th the M|9rosoﬁ V\/_mdows

digital ink, reported by Kowalski, Kowalski and Hoover .XP operating system, the_ full Microsoft Office suite includ-

[14] is of particular interest. n Power Point, Excel, Wor d, E
[15], [ 16] and DyKnow Monitor
software was also included, as needed, for particular

HyDOtheSGS courses. Some later classes had HP Tablets with the Micro-
soft Windows Vista operating system instead of Windows

This National University project concentrated on two hy- XP, but the operating system was found to make no differ-

potheses: ence to this project. All Tablet PCs were connected to each
other and to the Internet through an IEEE 802.11g Wireless
#1 Complex datsstructure concepts are learned faster Access Poi nt . Throughout this
and more completely when Tablet PCs are used ap- server operated by Indianapeliased Dynamic Knowledge
propriately in the classroom Transfer, LLC (DyKnow) was accessed via the Internet.

#2 The use of Tablet PCs in the classroom enables stu-
dents to remain engaged in learning duringthelonger The Dy Know Vi sionE server S
classes that are typical of accelerated learningenvi- Dy Know Vi si onE client softwar
ronments. abled instructors to fipusho c¢h
lar class. Class sizes typically ranged from 10 to 20 stu-
The first hypothesis expands on the following postulate:dents, although there were a few smaller classes. Response
the best way for students to learn an information structure isime, from when an instructor selected a particular chart for
through collaborative and smagjtoup experimentsinwhich st udents to view until t hat ct
students can apply their o WabletP€, avasmbrmallyrnd mdreetteah afewt seconds. St n C ¢
Students are more likely to absorb complex informationdents were able to draw, write, and type directly on their
structures if they are given the opportunity immediately toc opy o f the instructorés char
experiment either individually or in small groups with the their own personal notes about each chart on a side window.
concepts that have been presented. Increased interacti®tudents saved their notes and annotations on their own
with each other and with their professors enables them t&JSB drive at the end of each class.
gain a deeper understanding of these concepts. Tablet PCs
are a useful resource especially when students wish to visu- Curricula were revised to incorporate interactive exer-
ally pose those questions that are difficult to verbalize anctises developed by the instructor. These exercises chal-
have to be continually available in a discussion forum that idenged students to apply what they had just been taught to
open to all. solve problems that were often deliberatehd#ifined. Indi-
vidual students and small groups working together submit-
Hypothesis #2 is derived from a desire to help studentded their solutions as annotated charts in real time to the
retain and enhance their concentration throughout the tmé nstruct or via the DyKnow Vi si
span of the longer classes that are typical of the acceleratembuld choose selected submissions to display, either anony-
learning environment at National University. National Uni- mously or with attribution, for discussion by the whole
versity serves a diverse population of adult learners througklass. The instructor also had the option of storing student
classes that are each three and a half hours to four and a halfomissions for later review and grading. The latter was
hours in length. Retaining the attention of students who areiseful for assessing student participation in the discussions.
sometimes fatigued after a full work day, along with the
concerns of family, children, and jobs, is challenging. The i i
increased interaction with students through the Tablet chnteractlve Exercises

not only helps students keep up with the instructor, but it Table 1 i h desianed to i
continually stimulates their thinking about what is being . able 1 lists courses that were redesigned to incorporate
taught and this, in turn, improves their attention Spanllnteractlve exercises throughout the lectures. The exercises

Equally important, the faculty instructing the class gains avere d§3|gn'(:ad to f_cf)cus on the information structures undler

pul se of the studentsdé und éjgcgsts:%[\n Py rqléere%tfnst.r P taPQQIﬁPEOX'“EaHt i

ered. 150 students a total of nine different courses: five graduate
courses and four undergraduate courses.
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Wireless Systems Security Couise
Individual Exercises

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

The chart shown in Figure 1 was used to explain substitended to be careless while doing the addition. The correct
tution ciphers in teaching students the building blocks ofanswer is given in the notes at the end.
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

Graduate courses
0 Wireless Security e
0 Digital Wireless Fuun
0 Wireless Coding and
0 Wi reless Economic To
try works as a business)

Unit Processes of =
Undergraduate courses
0 Data Structures & Al
0 Linear Al gebra & Mat
0 Cal culus for Compufe
0 Applied Probabilit

7/8/2009

Substitution Ciphers ™

ABCDEFGHI
0123456738
JKLMNOPOQR
9 1011121314151617
STUVWXYZ
18192021 22232425

Simple Substitution: One letter exchanged for another
c=E(@=p+n

AGoal: Confusion
AAdvantage: Simple to encipher
ADisadvantage: Obvious patterns

Figure 1. Explanation of Substitution Ciphers in
a Wireless Security Course

Students were given three minutes in class to encrypt th
short sentence and submit it. The most common probler
encountered was confusion about what to do when the valt
of fin,0 5 for this exercis

7/8/2009

e

In Class Exercise

Encrypt the following plaintext using E(p;) = p; + 5
| enjoy the San Diego Zoo

n c \Wrife goyr engyypted texg in tgegpace kelpwad et ¢ . )

d afEit al s

Modul ation (of radio waves)

Ppi GnT: (Hbem EsbheNtyeisr el ess indus -

Answer starts out:

virommengag dgEawgigneer i ng

gorithms

ri x Computation
r Srgure.rSim@e Individual Student Exercise from
and St a aMWirelasy Secyrity 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 brigece at-
tack on a sixcharacter 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.

In Class Exercise

» How long would it take to check all passwords of length 6
characters or less consisting of lowercase Latin alphabetic
characters + numbers from 0 te 9 at 200 passwords
checked per microsecond? Show your calculations and
write your answer trefdw and submit.

<.k
. - % 36
A CRBET T BT

“x

7 "Ar?.\é'
36

Figure 3. More Complex Individual Exercise
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Data Structures and Algorithms

in shifting array elements, their focus immediately changed
to how to reduce the work required.

Course: Individual Exercises

National Uni versityos Da
course is a foundation course for baccalaurkatel com-
puter science majors. The course covers standard data str,
tures routinely used in computing applications. Some focg
points of the course include developing an understanding
the containers for organizing and storing information along
with the algorithms that operate on them. The standar
structures to be studied are Lists, Queues, Stacks, and T
structures and the algorithms that work on them. Often, st{
dents misunderstand an algorithm or do not quite unde
stand the underlying dat a

A sequence of interactive exercises and student rq
sponses from this class are depicted in Figures 4 through

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

element into an arralpased implementation of a list struc-

ture. The instructoro6s obj
think about the amount of
el ement into an array.

similar to the one seen in Figure 4a.

.

How do you insert an element, say 5, at the

iat? movs alo) te Templ Shet
front of the list? e & fo ala) o ot
move al)—p Templ |opipe
store 1emp | +o 4L1)

How do you insert an element, say 5, at the

end of the list?
aso elem aln+i)
Sdoee 5 o alnbi)

*

e o . Ly
g‘;?ll\ Q) e aﬂ)y} ms
Mg a(Maz)_» Agplale) - scaraciTy 2
fif:_’j:»_mw e p

» How do you insert an element, say 5, at the
front of the list? fiv (inki=msSne; (50 ; 1=2)
Aresy[iJ = Aras . J

* How do you insert an element, say 5, at the

p -
end of the list~ o Prom [S2 TS J

Hle ~1;
+ How about inserting 5 at position one(1)?

HNyhoff, ADTs, Data Structures and Problem Sokingw) G++, Sacond Edition, ® 2005 Pearson 10
Education, Inc. Alrights resenv J. 0-13-140000-3

T
Figure 4b. Code from Instructor

ectiv motivat e

A mBosition &} the far end gfdhe griay (gfter the dast glegmend)s

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
material. The instructor was able to sketch diagrams and
provide solutions spontaneously in real time, thus engaging
and promoting studesttirected learning through a creative,
interactive, and dynamic process.

How about inserting 5 at positjon one(1)?
Store %Ljﬁo—éz.jf.r /% £t the reet
sfore & 0 al) o ‘fﬂg

$tre’ enls) Ao —+enpl 2 A ]
ek e

Figure 4a. Insertion Exercise

In this case, answers are correct but not elaborated a
there is no hint of the work that is involved in the insertion
Most students presented a sketch of an insertion algorith
although correct, no one really elaborated on what exact
was involved in shifting the elements. This prompted a dis
cussion on how to shift the elements in an array through
simple loop and what was the best way to define and qua

« Show the content of objects alList1 and
alList2 after the assignment statement
aList2=alist1

QL“%- :x.m\iS:?ﬂ/ = @
al St MTCO\P o\c\\T = QL’FJA\ -NTQ«*\{DC(C&V
alas " P\nm\[?{( 5 ﬁL'-S"\-WANT Py

MNyhotf, ADTs, Data Structures and ProblemSolinguw 4+, Second Edition, 2005 Peason 18
Educatian. | & 131300003

tify Awork.o I n Figure 4b,

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

L U o o T O T T T T Ty La——

Figure 5a. A Correct Response

rithm. Once students grasped the concept of work involved
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I n another activity, the s to

studentsd wunderstanding of New Functions Needed f ator
should be overloaded in structures using dynamically allg

cated memory. By |l ooking a| < Whatproblems can arise from the default ns, t
instructor received i mmedi assignment operator? unde

standing or misunderstanding of the topics covered. Th
student responses shown in Figure 5a prompted the instry
tor to pose more questions, which eventually led to a discu
sion of shallow vs. deep copying. It also shows a brief, yg
correct, response where this student used both graphics g
text to summarize the impact of shallow copying.

NO W\qnov C\SS'.JN?GO /Q()f 'lcuﬁfl( Qanc.’ﬂ/

Does PMjPG\M crash on w(u\nlv?q\m?

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 Sb. They continue to remark that such |5 Figure 6a, the student is rearranging the pointers out
elaborations are pedagogically desirable for further explorag¢ sequence; in Figure 6b, the list is updated but the node is
tion of the problem and the followp discussion points. The ot returned to the system, i.e., memory leakage. This gen-
student submitting the question on Figure 5c appeared 10 h&ated many useful discussion points. The instructor guided
lost and needing directions. Nevertheless, an interesting,dents through the code and demonstrated why the code
question was raised about the system crashing. Becauggoyld not work. Enabling students to make a connection

most structures in a computer science course have a linkgghtween new concepts and their program implementation is
implementation, it is essential for students to have a good, important task in computing education, and that task was
grasp of pointers. made easier by tying the visual representation of the solu-

tion to the code.

Figure 5c¢. Interesting Student Question

Deletion

* Show the content of objects aList1 and - List steps needed to delete the element in
alist2 after the assignment statement position 3 of the list below.

aList2=alist1 istbelow.
4/154_2 o éw 7 = First 9 r 26 4
ey il be o (023

fo
o&e\'&i pt-znuxt
P-(—(—‘»m#(-—bmu‘r:w.,)ne#\,
delere PAC < novk Pnay

Hyhotf, ADTs, Data Structures and P roblem Sokinguid C++, Second Edition, ©2005 Pearson 18
Education, Inc. Allights resen.. “0-13-140000.3 Hyhoff, ADTe, Data Stiuctures and Problem SoNingui# C4+, Second Ediion, ©2005 Peason 34

Education, Ine. Allights resenv....0-13-140008-3

Figure 5b. Shallow versus Deep Copy Figure 6a. Linked List Exercise a

In another activity, the instructor asked students to delete | i1a final example from the Data Structures and Algo-

a node from. ahllln_keg list. Th'rS] rqu'req Sohmi pr?lnter_ '€ rithms course, students were asked to insert a key into a
engagement, this is because the order in which the po'.merl"?eap structure. The objective of the instructor was to force
are rearranged is crucial for correct operation. The pointe

i . S ) Students to reflect on the heap structure and work through a
variableptr is pointing to the node preceding the node to be

deleted. Thi , b I und q bseemingly simple algorithm. Although all the students indi-

tegte t. F'IS routhnﬁ proi:ess rrk1)us_t © wel li)n tﬁrstoo t}fated that they understood the algorithm, a significant num-
stugdents. Figure 6 Snows two submissions. in both cases, "er failed to correctly demonstrate the insert algorithm (see
order of steps for deletion is incorrect.

the sample submission Figure 7). This is another good ex-
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ample of how student responses enabled the instructor toot followed the discussion of the insert algorithms and had
digress from the planned lesson spontaneously to clarify aimply used a Binary Search Tree insert algorithm. The in-
point. Surprisingly, one student sent the slide shown in Figteractive slides were highly useful in generating discussion
ure 7a, an array implementation of the heap, which raised an how to correct student misunderstanding, misinterpreta-
number of interesting discussion points. Unlike other sub-ion, and mixup of structures and algorithms.

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

tation of the heap, which was unusual because the tree re
resentation is more intuitive and more common. Thig
prompted the instructor to ask students to recall the formulg
tion for the left child, right child, and the parent node in an
array implementation of a heap. Furthermore, the heap co
structed by the student turned out to be a minimum heg C{

Considir . hee

when maximum heaps had been the focus of discussion
the class. This enabled the instructor to launch a discussi
on the minimurrheap property.

Tnsat  Way = 30 .
Deletion
o Free
« List steps needed to delete the element in Coom PY‘L\_& g
position 3 of the list below
lante 15

first

P*L e o M Figure 7b. Adding an Element to a Heap
= new =g
v Wireless Economics Topics Course:

Small Group Exercise

Hyhofl. ADTs. Data 5| e et d Problem Solvinguh S++. Second E dition, @2005 Pearson 34
1400003

A The nature of the Wireless Economics Course made it
Figure 6b. Linked List Exercise b 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
Conshreet & P # it o Heat on exercises like the one shown in Figure 8. This was done
L onedy . through a simple menu on the
S G_( - M -

30 minute Exercise

Do an Internet search to find and update the

information for the latest quarterly results on the

next two pages for AT&T, Verizon and Sprint

Nextel? - 15 minutes

1. Whatis reported in quarterly reports may change, so
an extra blank page has been added for each company

I = At the bottom of each page, list one or two key
[eH— o]ﬂ,vl,_\, of ¢ changes that you see. If you don't see much

‘wj‘ Yl}k C[a.'ll of (=¥l difference, write that down. - 5 minutes
T Cly Update the Side by Side Comparison Chart - 5
s . A minutes
1. Submit your results
Figure 7a. Array Representation of Heap . Classe Discussion of Trends

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
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In each small group, the students shared a commoithe intent of the instructor was that they move to a higher
screen on their Tablet PCs, so that whatever was drawn, e v e | of Bl oombs Taxonomy and
written, or typed on the screen by any student in the groupf the key differences between one quarterly report and the
could immediately be seen on the tablets of all students imext. Instead, as shown in Figure 9b, they simply cut and
that group. Small groups were set up among students sittingpast ed t he analystsé comments
close to each other in class, so that it would be easier for thiwsund. This activity helped highlight one of the key prob-
group members to carry out their discussions. At the end ofems in designing good interactive exercises. Students will
the exercise, the small group was dissolved by the instructdoe lazy about thinking, if they are given the opportunity.
so that there was no longer a shared workspace among tl@areful design of interactive exercises is needed to get stu-
students who had been in the group. dents to synthesize and analyze. Exercises that require more

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

The exercise required the small group to find currentdevelop and to administer.
quarterly report data for a particular wireless operator, com-
pare it with an earlier quarterly report shown by the instruc—FindingS
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. Nonmnpact of Interactive Exercises on Speed
of the small groups had difficulty finding quarterly report gnd Depth of Student Learning

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.

The experience of the four instructors provided good
dence 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
Verizon Results for Nth Quarter 20YY grades on the same midterm and fieghm questions in the

Earnings of -‘ Wireless Systems Security course before and after the intro-
Ty —— duction of Tablet PCs and interactive exercises. The results
are shown in Table 2.

iod & Table 2. Impact of Interactive Exercises
mate of & ) %6 billior,
. Description of | % of Students Answering| Average
Questions Correctly Improve
ment
Base| Jan | Jul | Jan Percent
line | 08 08 09 Change
Figure 9a. Quarterly Results Data %C:?t
Eselbriicke 22 88 95 71 285
Your Thoughts About Key Changes Use Vigenére | 11 | 81 | 89 | 72 | 633
Tableau
1. For 8th consecutive year over year there was an increase in tofal Polynomial 33 | 75 | 95 Y 267
revenue. ;
i ) . R tat
2. In bad economic times verizons 4th quarter revenue in 2008 totaled Eepresen Zon
- o . . ncrypt Short 11 69 88 78 503
$23.8billion,up 5.5% from the same period a year earlier. Message
3. Migration of 3G to 4G networks contributed 31% of revenue vs 3% in -
the same period last year, glr?her Block | 11 | 50 | 40 | 22 339
4. Churn remained at an industry leading low of 1.3% of the custemer bas aining
per month, Average of the| 18 73 81 67 409
5. Wireless revenue graw 13 3% overall five Questions
6. Strong balance sheet with cash of $38.9 million and no debt. Number of 9 16 | 21 | 16
Students
) ) ) Avg Grade 77 84 85 83 9
Figure 9b. Discussion of Key Changes overall
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The results from Table 2 clearly demonstrated that the The data in Table 2 show some variation of results
average improvement varied between 267~ 633%. One ddicross the particular questions studied. For example, the
the exam questions for all WCM 605 classes, labeled by thability to encrypt a simple message by hand improved from
Ger man word fAEsel bruckedo i m9%Tlcarkedt m the Januarg 2008i class do 88% in duly artd s
generate a passphrase, extract a password from it, then diren dropped slightly to 78% in January 2009, while the
cuss how it satisfied the requirements for strong passwordsbility to understand cipher block chaining declined from
Exam scores on this question improved from 22% correc60% in the January 2008 class to 40% in the July 2008
answers for the October 2007 class to 88% correct in Janglass, and then to only 22% in the January 2009 class. But
ary 2008, 95% correct in July 2008, and 71% correct in theonly 11% of the students answered these questions correctly
January 2009 class. This amounts to an average improvéa the base October 2007 class, so the average of a reason-
ment of 285%. The Wilcoxon signednk test, anon able sample of students showed significant improvement for
parametric statistical hypothesis tesas used to assess all questions. These data, taken together with classroom
whether their population means differ. {T(positive) = 0; n = experiences of the four instructors, confirm the first hy-

8; p < 0.02 (twetailed)--> Significant difference} pothesis, namely that students learn complex data structure
concepts faster and more completely when Tablet PCs are

Other questions dealt with concepts such as expressingwsed appropriately in the classroom. As discussed by Dey et
digital string as a polynomial; encrypting and decrypting aal. [17], the use of Tablet PCs with interactive software in
short message using substitutions and transpositions; usingcéass introduced a metacognitive strategy that forced stu-
complex structure known as a Vigenére tableau in encrypeents to use or apply concepts almost immediately after the
tion and decryption; and, using cipher block chaining forconcepts were taught. As a result, their skill in employing
encryption. Results from specific exam questions in thethe new concepts was made more accessible to them.
October 2007 class showed that these were all difficult
skills for students to acquire. January 2008, July 2008, a”$tudent Questionnaire RGSUltS
January 2009 results of the same questions (with details o
the questions suitably altered to prevent cheating), showed

dramatic improvement. Following receipt of approval of the survey instrument

by the National University Institutional Review Board, 42
tgtudents completed anonymous surveys about their experi-

answering the questions correctly improved from an averag@nce with using Tablgt PCs. Th_ese surveys were cpnduct.ed
of 18% correct answers on these five questions in Octobef € the end of the f|_rst class in the Master of Science n

2007 exams to a weighted average of 74% correct answe?é"reless Commumcaﬂons (MSW(.:) degree program, again

on the combined results of January 2008, July 2008, ar:T?ear the end of a class in the middle of the program and,
January 2009 exams, thus showing a remarkable 409% | inally, near the end of the last class befor.e their !\/Iasters

provement. In addition, the overall weighted average ofxeS€arch Project. Students answered using apbid

grades on the combined results of the January 2008, Jl:r'%:ert scale. They were also invited to add comments to

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

2008, and January 2009 exams improved by 9% fro ome of their answers. The text of the survey is shown in
77.2% to 84.2%. These results are based on a combine ble 3.

enrollment in the three classes of 53 students. .
Results of the survey are shown in Table 4 and a sample

The October 2007 class, with only 9 students, serves as%f student comments is shown in Table 5. Students clearly

base in Table 2. A larger base was desirable; however, thgdree that use of the Tablet PCs with DyKnow helped them

results were so encouraging that the university was not wijfemain more engaged in learning than in classes without

ing to penalize students by running a class without using thg}udent computers. Of part|((j:ular mhtere.s;t is that there dIS "?‘h
Tablet PCs, solely to increase the size of the base sampl ear consensus among students that classes equipped wit

Unfortunately, data from a July 2007 WCM 605 class was ?blet PCs kept them better engaged than those equipped
not collected in sufficient detail to analyze individual ques-With 1aptop or desktop computers. It was expected that re-

tions. However, the average grade on the comparable exa l,J|tS for the third qu_estion Would_b_e somewhat lower than
taken by ten students in July 2007, was 80.3%. The use pr the sec_ond question but, surprisingly, they are nearly the
the Tablet PC approach to teaching the most difficult conSame. A sign test u_s_ed (n - 5 p =05 P(X <= 2) > 0.4)
cepts was undertaken because of the recognition of difficulIalled to detect significant difference-y@lue > 0.05). Al-

ties encountered by students in both the July and OctobéPOUQh the sizes of_the classt_es were small, the_comments
classes in absorbing these concepts. 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 reitne basis. The sharing facili-

Table 4. Survey Result§ MSWC Program

tates a richer discussion of the topic among class partidi- Program Last Weight
pants, thus improving student learning. Survey Class ed av-
Questions erage
Table 3. Student Survey
o] Use of the Tabl et P C| I\Ihﬁlderpofs be7caus___e__|
ports my learning style better than learning without Responses
the tablet.
o Classes taught with |aBetlemsbp Kee p| 48 |mdts%
gaged in learning than classes taught without student [ port for my
computers. Please comment on how the Tablet P( learning
helps you to stay more engaged. style
0 Classes taught with Tt P e MO ,=F
gaged in learning than classes taught with desktop or “Better en- 4.57
laptop computers for students. Please comment of gageq in
how the Tablet PC helps you to stay more engagefl learning
than classes taught with desktops/laptops. than with-
o} The Tablet PC is al p|aoutstudens | effelctiv t 00
groups working together on case studies. computers
0 corded clri\sse: sed the feature]|o fBetPenyelé-n D tpo17[e aze W
0 The ability to cor elgaﬁfggscl:%g sonal|l notles wi
'felfrl_c place in a recorded lecture helped me learn bét- than with
0 Use of the Tabl et P C g;fk;opg/ P llear n] new
cepts better/faster because | was able to understapd
the way other students reasoned about a problem Very effec- 4.57 4.28
0 The ability to makée |[styrgni s $i cl]l ass| t hro

Tablet PC enabled me to ask questions that would

small

have been hard to put into words. groups
0 The ability to ask]| qpesti—eh ————1+——t—ef—a—c—t

mously in class through my Tablet PC enabled me|to | Learned .27 4.0 4.21

overcome or circumvent my inhibitions about asking | new con-

questions in front of my classmates cepts better/

faster
While the score is slightly lower for student perception
of how much faster they are able to learn new concepts Table 5. Sample of Student Comments
(Question 7), it is still high. The results for this survey ques
tion may well have been sklo more of an
was able to understand the way other students reasor with T PCo
about a problemd at the en|O polls and th
significance of the results for Question 7 in the last class hel p stay mor e
uncertain. Because the sample size was small in the 1§ 0 et PCs he
class, data is continuing to be gathered to determine whet 0 really i mpres
the studentsd | earning exp good i stening in (
the time they reach the end of their degree program, ¢ 0 new way to
whether this was simply an aberration, due to the small sar J ust
ple size in the last class. 0 AiThere are disadva
keep contact with {
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Overall, the results clearly support the second hypothet i o n al Uni versityos OQut standi
si s, AfUse of Tabl et PCs i n 2002 dftectéaahing anosinencoerse avithl aeTables PQ) d e n t
remain engaged in learning during the longer classes thaine adjunct professor declared that he would not teach an-
are typical of accel er at e d otHereoalinencoursg unkess \the universitye aiways providedn d
results are consistent across widely different classes ankim a Tablet PC to use while he taught.-iwe students
times in this degree program. A number of student comwere particularly enthusiastic about the use of Digital Ink by
ments on the survey were quite interesting, and severahstructors. They stated that it is a "tremendous improve-
comments supported both hypotheses. ment 06 i n teac hilinedstructors cap drawn c i p |

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

Virtually all students appreciated the increased interacever, most instructors have not developed the fine motor
tion brought to the class by the combination of Tablet PCcontrol that is required to use the mouse this way.
and DyKnow software. This led students to stay more en-
gaged. And the ability to associate notes with each CharCOﬂClUSiOﬂS
presented helped students stay more organized. However,

students also commented that it took them some time to Both h h f d by th | f thi
adjust to a new way of learning. Some others expressed oth hypotheses were confirmed by the results of this

concern about eye contact. This latter problem was adt_wo—y(_aaFIo_ng use of Tablet PCs with DyKnow softwa_1re in
dressed by projecting the (eaching/fiypdifesentgadugte ?g{ﬁfsa%}]d fatljlﬁ different ¢ | ¢
the front of the classroom, simultaneously, with the pushin ndergr_aduate courses. The avallability f Tablet PCs s

of charts to students via the wireless connection. One st1°V being extended to all courses taught in the School of

dent complained that he preferred a full page rather than th ngineering an_d Technology (SOET). Purchase of a new
somewhat smaller display of the Tablet PC. 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
Dlglta| Ink with response time.

One additional finding, though not a new finding, came  The experience with introducing refine interactive
more from instructors than from students. Students and inexercises into osgite classes is popular with students and
structors in National University classes who taught withhas improved scores on student exams. Equally important,
Tablet PCs reported increased empowerment and efficiencyhe combined systems promoted critical and innovative
which they credited to the Digital Ink capability of the sys- thinking by students in the classroom. Sharing and discuss-
tem. As noted earlier, similar results have been reported bing student submissions in re@he enabled deeper discus-
others. [1113]. sion of the topic at hand and in clarifying misunderstand-

ings. Students gained a better and a deeper understanding of

Instructors found the added capability to highlight andthe material being taught. Not only has this project captured
handwrite clarifying note$ particularly equatiors directly guantitative data to support these assertions, but it has also
onto PowerPoint slides to be highly useful. Instructorss ucceeded iin confirming throu
found that using a stylus on a Tablet PC is as effective asurveys that both the instructor and his/her students find that
writing on a physical whiteboard in an -site class. The using this approach for teaching complex engineering con-
ability to emphasize points on a PowerPoint slide by cir-cepts has positive benefits.
cling the points at the time the instructor is talking about
them helps students to follow the lecture better. And, thisis The success reported in this project is now being ex-
a very efficient substitute for the tinrmmnsuming process of panded to introduce more realism into classes as student
animating Microsoft Power Points. Digital Ink makesiteasye ngi neeri ng teams compete to
for instructors to amplify points on PowerPoint presenta-ing designs (networks, radios, etc.) by using interactive
tions by writing equations or drawing diagrams directly ongames that are designed and built by the students them-
the charts. selves. We anticipate wider acceptance of Tablet PCs in

academics.

One instructor, who readily admits to being computer
challenged, stated, "If | can learn how to teach with a tablet
anybody can!" Another instructor said, "The tablet gave meACknO\NIedgmentS
the power to teach." This |
significant statement as it was made by a professor who waT%
selected from approximately 200 faculty members as Na-

aI'ﬁet aﬁtl’ﬁo?sSgratgflﬂ)ll)gn gg:l?ngvx}ledgle ?ecel%t oP a‘? éO(S?I cul
echnology For Teaching Higher Education Grant and a
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2008 Technology For Teaching Leadership Grant from the Journal of Educational Technology & Society Vol 3,
HewlettPackard Corporation which provided the Tablet Issue. 3, (2000), pp 37383

PCs and other equipment being used in this research as w¢lll] R. Anderson, R. Anderson, P. Davis, N. Linnell, C.
as funding for the DyKnow Vi sPrimce) E. Razmov aflyFK Videon, Qéssroom Pre-

torE software |icenses the Dysénen Enhanengntenactive Educatom with Bigital b e -
ing taught as part of this project. Ink, IEEE Computer, September 2007, pp-686

[12] R., Anderson, K. M. Davis, C. Prince, V. Razmov
References and B. Simon. A study of Digital Ink Student Arti-

facts to Inform the Scaling of a Classroom Interaction

. ~ ystem. Uniyersity of Washington, Department of
[l E. Wigner, iThe Unreasona gois futer élf.}i/e e gntdEn\éige rﬁ‘ui'rsech,nﬁg?l Report
Mat hematics in the Natural20§<id_0§nces,o mmu n i -

0
tions on Pure and Applied Mathematics, Volume 13, 131 R. And R. And Crvstal H d St
No 1, (February 1960), John Wiley & Sons, Inc. [13] %;I.o naersan, T ANCEISon, LISl FOYeT e Sweve

ti

: . Ifman.. A Study of Digital Ink in.Lecture Presen-
2] T. Denning, S. Griswol d, on%‘—\lf@)&%pﬁd@ﬁ%rﬁ20@@83?
Communication in the Classroom: What does it mean[14] = ' Kowa |’ S K i ' S ’ Kowal s Ki E

. us ?0, Prﬁd_ee@liﬁgs BfGHe G7th SI_G' vey: A Free WelBased Tool for Opeitnded Ques-
CSE Technical Symposium on Computer Science  iqning to Promote Active Learning and Rdamne

Education March 2006, Houston, TX, . X .
8 K. Koile and D. Singer, il 'PFi‘%mﬁY 00 S Gt 59 T 65t can
via TabletPGbased IRC| a's s Assessment,gy,cdidn Afinfaf @onference & Exposition (2007),
ings of ICER 2006 (Second International Computing Honolulu. HI
Education Research Workshop), Septembet09 [15] AThe ' DyKnow Software Suite
2006, University of Kent, Canterbury, UK www.dyknow.com
[4] S. Wolfman. Understanding and Promoting Interac—[16] D. Berque, AAn Evaluation c

tci:on n th_e Qlass_roohm glhrough ﬁ(r:ompuMegiated of DyKnow Software to Support Note Taking and
ommunication in the ClassrooRresenter System. Interaction using PeBased Computers. o

PhD Th_esis, August, 2004. A downloadable pdf is Computing Sciences in Colleges, (2006) 21: 6, pp
available at http:// 204216

classroompresenter.cs.washington.edu/papers.htmi [17] P.De : ;
- o . Dey, R. Uhlig, M. Amin, A. Data, TG. Romney, T.
[5]  B. Simon, R Anderspn, C. Hoyer and J. 8eelimi- Gatton, M. Wyne and A. CruziTeaching Mathe-
nary Experiences with a Tablet PC Based System to matical Reasoning in Science, Engineering and Tech-

ggﬂf’soé; :;((::tglg zl(ggiming in Computer Science n o | g Hatianal University Journal of Research in
' ) ' . , Innovative Teaching. Volume 2, 2009.
[6] A What i s Ubi quitous Presenter%, A%I’Iin 02 2010,
http://up.ucsd.edu/about/WhatlsUP.html . .
[7] T. Denning, W. G. Griswold, and B. Simon, BIOgraphleS

Cca

AiUbi quitous Presenter: Enabling Student Control and
Access in a Digital E n v iRONALDN @.NUHLIG , rePeived cthe eBdcheioig of Sci-
EDUCAUSE Learning Initiative Meeting, Jan-394, ence in physics from the Massachusetts Institute of Tech-
San Diego, 2006 nology, Cambridge, MA, USA and the Ph.D. in physics
[8] M. Wilkerson, W.G. Griswold, & B. Simon, from the University of Maryland, College Park, MD, USA.
AUbi qui tous Presenter: Heni< aureeatly Daary of titet Suhda@ of Busindss ared Msin-
and Control i n a Digit aabemdnte Natianal iUmivgrsitys hav Jolta,o Calificeniat L SE
SIGCSE Technical Symposium on Computer SciencePreviously, he was Chair, Department of Computer Science
Education, 2005 and Information Systems, and Lead Faculty, Wireless Com-
[9] R. Anderson, R. Anderson, N. Linnell and V. Raz- munications, National University. He has been CEO, Seg-
mo v , iSupporti ng aftCollabo-t uWwaeedIncAan eduacatiohal teclsnology company he founded,
ration through the Use of Student Devices in Collegeand he has been Vice President, Russia and Eastern Europe,
Cl as s r oo m¢dattp:/]/ Qualcomm, Inc. He has held multiple positions with North-
classroompresenter.cs.washington.edu/papérs ern Telecom and BeMorthern Research. In his work both
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|l aboration in a DistribWwhiedStaed Armpa hel introducech many applicagonst i |
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INTERCONNECTED SYSTEMS IN ENGINEERING
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Danny Mangra, Queensborough Community College; John Buoncora, Queensbhorough Community College;
Marvin Gayle, Queensborough Community Colldgriversity

Abstract 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

Systems engineering at the community cqllegfa Ieyel 'Sin 1940 [1]. In fact, the National Council on Systems Engi-
an often overlooked concept. Educators realize its impor-

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

tance, but the curriculum is already packed with other Sther the area of systems engineering.

sential topics. This study looked at three different aspects of
a proposed approach to _systems engineering con_cep_ts at Community colleges are a rapidly growing part of the
Queensborough Community College. The first appllcauonU.S. higher education system and will become increasingly

Pf systems engineering wag a comr'nunlcatlo.n system proJe"?anortant in retraining the American workforce for the 21st
in the Computer and Electrical Devices Applications CourseCentury. President Obama proclaimed that community col-

This project introduces the building blocks of a fHopttic leges are vital to America's future competitiveness, and he

communication system including a transmitter, receiver andenvisions an additional 5 million graduates from these edu-
andarr:nphf}er. The ;tages were bu"]tc by .|nde|pendent ®aM35tion institutions by 2020 [2]. This paper highlights the
and then integrated to operate as a functional system. different aspects of our approach to introducing systems

) ) engineering concepts to the students at Queensborough
The second example focused on meeting required Sys(':ommunity College

temslevel specifications for a twetage 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 th
teams, who then combined and tested the overall system.

In the Computer and Electrical Device Applications
course, a fibepptic communication system consisting of a
fransmitter, receiver and a gain stage amplifier was intro-
duced. The stages are built separately and the students then
) ) L . integrate them and try to get the system to operate from a
Robotics was the third system application. Students Inte'system point of view. The Electronics | course focuses on

grated software programming and hardware design to P'%ectronic device applications such as amplifiers and power

duce a functional robpt. Software teams (ljevgloped and des’upplies. A systemtevel analysis project requires the stu-
bugged programs which run on the robot's m|crocontroller.dentS to analyze a multistage amplifier with a DC power

Hardware teams built and tested the hardware independent Upply. The students analyze the individual circuits and then

to ensure proper functionality. The teams synthesized theifntegrate their results to obtain the systdewel parame-

designs to satisfy the system design challenge. ters

Introduction In the software and hardware design classes, the con-
cepts of robotics are introduced. The software class focuses
Systems engineering at the community college level ison programming fundamentals and the project lab class fo-
an oftenoverlooked concept. Even though educators maycuses on hardware concepts. The Robotics Club builds on
appreciate the importance of systems engineering conceptle fundamentals of the aforementioned classes and inte-
it is somewhat difficult to include this material in an already 9rates the electronic, mechanical, and programming con-
packed curriculum. An engineering education should in-Cepts involved in the analysis, design, and construction of
clude systems engineering concepts because most compléXPotic systems and focuses on systems integration of these
engineering projects today focus heavily on systems engiSystems.
neering elements for their successful completion. These
projects include the design of space craft, military weapon
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Fiber OptiCS Communication System deliver quality work and function as a member of a team.
The total system is divided into three sections and each sec-

. ) L tion has a team working to deliver a functional block.
The Computer and Electrical Devices Applications

course places an emphasis on technology topics in compu Team #1 Tearn #2 Tearn #3
engineering. The class discusses electronics applications B ) )

BJT switching and amplification, and the students perforn )t St #1 e Stage w2 =  Stage #d ‘)))
related experiments. The course also introduces Prograi

mable Logic Devices (PLDs), by using very high speed in
tegrated circuit hardware description language (VHDL) tc
program a field programmable gate array (FPGA).

Transmitter Receiver Amplifier

) ) ) o Figure 1. Fiber Optic Communication System
The course also includes systems engineering activities.

This study focused specifically on this area of the course. The system is made up of three stages and is divided
The project of interest is one where the students build a Simamongst the three teams, as shown in Figure 1. The success
ple fiberoptic communication system in discrete stages anthf the system depends on the success of the individual
then integrate them to make a complete system. The chajeams. To emphasize this, the teams must combine their
lenges in this experiment are designed to mimic the conmdividual efforts to obtain an operational system. Each
straints a student would face in rewdrld engineering  team must build, test and troubleshoot their individual

design problems. These challenges include: stages. The stages are then combined to build a larger sys-
0 Time constraints tem. This entire system is integrated and tested at a higher
0 System complexity level.
0 Working with multiple teams The students are judged on the work of the team and
0 Being judged on the work of the teamand NOTtheNOT t he i ndividual team member

individual team member Ofthe R Willbé d0aUAEEON total, overall team perform-

ance and not on individual contribution.
This laboratory experiment has to be completed in the

three hours allocated. The groups work simultaneously t o

complete their own subystems in a single thrdwur lab CPOWGI‘ Supply and Amp“fler SyStem

session at QCC. Typically, students who pace themselves

and accept the challenge are able to work efficiently and This section highlights the synthesis of a power supply

complete the assignment within the time constraints. How2nd cascaded amplifier stages. The goal of the amplifier

ever, easily distracted students do meet the time constraintglesign is to obtain a voltage amplifier with the following
characteristics:

One of the challenges of this laboratory exercise is to

experience what it is like to function as a team to build a O Relatively high voltage gain magnitude
complex system. The individual stages consist of circuits O  Relatively high input impedance
that can all be breadboarded. These circuits contain compo- O  Relatively low output impedance

nents such as operational amplifiers (op amps), BJTs, and
photodiode transmitter and photodiode receiver pairs. Thd he individual stages are synthesized into the amplifier sys-
entire system could be built sequentially by one team ofem shown in Figure 2.

students. However, the work is divided amongst three teams
that work simultaneously. This divieendconquer method

is a common practice for larger engineering projects. Thinpe -  staget | stage2 Stage 3 > Output
work is divided into smaller, manageable portions in orde
to shorten the project development time. The team will the

- ) . . Emitter Follower Common Emitter Emitter Follower
combine their work at the end of the experiment to build a . 3
larger system. The functionality of the larger system will Figure 2. Amplifier System
depend on the success of each individual teamds ability
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The amplifier system typically consists of multiple cally use voltagalivider bias for the commeamitter am-
stages, including commeamitter with voltagedivider bias  plifier stage and emittestabilized bias for the emitter
and emitteifollower with emitterstabilized bias configura- follower stage because they provide good biasing stability
tions. The students learn that it is necessary to take a syand allow the Quiescent Operating Point to be centered on
tems approach to the amplifier design in order to meet thehe load line for each stage. The students use the superposi-
given specifications of voltage gain, input impedance, andion theorem to analyze the circuit by first analyzing the DC
output impedance. The commemitter stage provides rela- -biasing circuit and then analyzing the AC equivalent cir-
tively high voltage and current gains. The emiftdlower cuit.
stages provide high input impedance and low output imped-
ance, with a voltage gain that is typically slightly less than  The students gain a deeper understanding of systems
one. Stage one is an emitfellower with gainAy;and rela-  engineering problems by using component models and ap-
tively high input impedanceZ,y;. Stage two is a commen  proximations, which hold in the normal active region of

emitter amplifier with relatively high voltage gaim..,. transistor operation. The fact that the optimum location of
Stage three is an emittiallower with gainAyz and rela-  the quiescent operating point is at the center of the load line
tively low output impedance&oyr. is evaluated in order to obtain the maximum possible sym-

metrical peakto-peak unclipped output signal. In addition
The overall voltage gain, taking individual stage loadingto the detailed analysis of the amplifier circuit schematic,

into account, is: the twoport representation of an amplifier system and the
individual stages is discussed. The students learn that the
Apoysrem = Ay XA, XA 4 Q) input circuit of the amplifier can be represented by the input
impedance and the output circuit of the amplifier can be
The system input impedance is: represented by a Thévenin equivalent circuit. The o
model can then be used to represent each stage of a cas-
Ziwsvstem © Ly (2 caded amplifier system, which can be analyzed using a sys-

tems approach.
The system output impedance is:
The discussion is then expanded in the electronics course
Zour sverem Lo (3) beyond the amplifier to include the analysis of a linear DC
power supply consisting of a transformer, fwthve bridge
Typically, it would not be possible to design a single rectifier, capacitor filter, and voltagegulator circuit, as
stage amplifier with all of the desired characteristics. Ashown in the block diagram in Figure 3.

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 AC{:E::]: — — — E

interaction between stages. The students learn very impc &y™ Vo gRL

tant system concepts such as the loading effect of each ste Transformer -

on the previous stage. Furthermore, the students learn that

the overall voltage gain is the product of the individual volt- Figure 3. DC Power Supply Block Diagram

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

amplifier and powesupply designs are synthesized into a  The voltage regulator contains a series pass transistor,

complete system, which meets the design criteria. zener diode, and resistors. The powepply circuit is ana-

lyzed in stages beginning with only a transformer and recti-

Also discussed are Bipolar Junction Transistor (BJT)fier and culminating in the analysis of the entire circuit. A

amplifier designs, including both the commemitter and  block diagram is used to represent the function of each stage

emitterfollower configurations with fixeebias, emitter ~ and then the powesupply circuitry is analyzed in detail.

stabilized bias, voltagdivider bias, and collectdeedback The DC component and approximate AC ripptdtage

bias. Amplifiers based on FieHffect Transistors are also component are calculated at the output of the filter stage and

discussed in the electronics course. The BJT amplifiers typithen at the output of the regulator stage. A laboratory ex-
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periment is performed where the students analyze and con- 6 Hardware modules
struct an entire DC power supply. Software concepts
System Integration of hardware and software

O¢ O«

The students solve analysis and design problems related
to amplifiers and power supplies on homework assignments. In the hardware project laboratory, the hardware modules
The design problems consist of power supply and amplifiethat are common to all robots are examined. These include
circuits, where the desired currents and voltages are prceontact and infrared sensors, clos$eop control systems
vided and the students have to calculate the required compassing a microprocessor, servo motors anttridge motor
nent values or the required power supply voltage for an aminterfaces in robotics applications.
plifier. Most of the students are able to complete all of the
analysis problems perfectly. However, the design problems Students are required to complete a project laboratory in
present a much greater challenge. which they build a programmable robot. The project class is

a requirement for students completing the Computer Engi-

The students build amplifier and powsupply circuits  neering Technology degree program (A.A.S.). The approach
in the laboratory, which they also analyze theoretically. Theto the hardware project laboratory class at QCC focuses on
measured results are compared to the theoretical results udigital and analog electronic circuit theory, and some me-
ing percent difference calculations and the students arehanical concepts. The learning objectives are for students
asked to explain the sources of discrepancies in their laborde understand electronics as related to applications in robot-
tory reports. A systemevel approach is taken in the analy- ics. Students also obtain practical experience in trouble-
sis where, for example, the behavior is compared to homshooting electronic circuits and motor controllers, as well as
stereo equipment. The operation of an amplifier circuit isusing effective instrumentation and measurement tech-
also simulated using circuit simulation software and theniques. The students should have prior knowledge of digital
results are compared to the measured and calculated valuesistems, including memory, memory interfacing and /O
Therefore, the students obtain reairld experience in the systems. The students also need to know the basic theory
systems design process. They also observe the importanead operation of electronic devices including semiconductor
of the final system design step, which includes breadboardswitching diodes, zener diodes, and transistors. The students
ing, and taking measurements. The final design step wiluse the schematic and block diagrams to troubleshoot the
often indicate that the design may need to be modified taligital and analog electronic systems of the robot in order to

function properly. solve any functional problems, as shown in Figure 4.
The amplifier analysis is performed using an ideal mode Microcontroller

for the DC voltage source in order to simplify the sche. —==— — —— =

matic. After performing the complete amplifier analysis, the . oz | [ e

overall amplifier and powesupply system is represented by ﬁ . ﬁ_. H Brides

a block diagram. The complete schematic of the amplifie el B il ] Right Mitor

and powersupply system is then drawn showing the cir- m (e

cuitry of the actual amplifier and powsupply sections in N ] speser

detail. This system is a synthesis of the amplifier and powe T‘

-supply subsystems, along with many of the concepts prc

sented in the DC circuit course, AC circuit course, and the Figure 4. Typical Robotic System Block Diagram

electronics course.
The unique feature of the robot used in the project lab
: class is that it consists of discrete subsystems, which include
RObOtIC SyStemS power supplies, clock oscillators, memory, digital logic cir-

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

A robotic system is the third example of our approach st each of these subsystems in a sequential manner, and
teaching systems concepts. The goals are to design robofifien, integrate them into a functional robot. The students

systems which utilize the following ideas: build a programmable robot from components in stages,
which are then integrated into an autonomous system. The
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components are soldered to a printed circuit board, which is Object detection can be handled in one of two methods.

then mounted to a mechanical chassis assembly that consistbe students can use a sensor, which is designed to open or

of motors and gears. The motors and gears used in the melose a switch upon contact with an object. The change in

chanical assembly of the robot provide the steering functionthe state of the switch generates an interrupt, which is ser-

The robot is then programmed by a keypad to follow theviced by the microcontroller. An alternate method is to use

designated instructions. an infrared sensor to detect a reflected light beam of an ob-
ject ahead. The preferred method is the-oontact tech-

To program this robot, instructions are fed through anique, which uses infrared sensors. After the robot has de-
keypad that connects directly to the memory load sequenckcted its proximity to an approaching object, it uses that
circuit, which incrementally loads each command intoinformation to avoid contact. The robot uses two sensors to
memory. The instructions for the robot are programmed intadetect whether the obstacle is on the left or right side. The
memory in the desired order such that the robot can navirobot uses this knowledge to pivot or turn in order to navi-
gate through its environment. The robot exits the programgate around the object. When necessary, the software is
mable mode and enters the execute mode upon removalofs ed t o al ter the direction
the keypad. The instructions are read from memory in therolling the pulse and duration of either the left or right
order in which they were programmed and are repeatedlgervo motors. The challenge comes from the student having
executed in a continuous loop. This method is fully utilizedto generate the code needed to turn the robot by +90, 180, or
in a robot that has to perform monotonous tasks such a®0 degrees.
those on a manufacturing assembly line. Students gain a
great deal of exposure to analog, digital and mechanical The work done by the three teams is synthesized to ob-
theory by building this robot. They have the opportunity totain an autonomous robot that will execute random wander-
observe how all of these systems work individually anding with obstructioravoidance behavior. The microcontrol-
together as a whole. ler program must monitor the sensors, process information

by executing computation and decisimaking statements,

The software class focuses on programming applicationsnd then update outputs. Monitoring the sensors and updat-
as they relate to robotics. The programming class builds oing the outputs requires the consideration of-tieaé con-
the aforementioned hardware concepts to introduce topics istraints, which are unique to embedded systems program-
robotic control from a software point of view. The program- ming and robotics. The flowchart of Figure 5 demonstrates
ming class uses Visual Basic to reinforce programming conthe algorithm needed to accomplish this task.
cepts. Once the students have mastered these topics, they
begin to use their knowledge of robotics hardware and sof*

ware to solve a challenge. Students learn how to control tt o

servo motors by using pulse width modulation (PWM) al

the appropriate microcontroller output. Students write the

interrupt service routines that will process any interrupt: m
generated. The students apply programming concepts su

as looping, decision making, processing and 1/O operatior e

to autonomous robotics applications.
Obstacle
ES

Y

Proceedin the
Same Direction

After the hardware and software fundamentals are esta

lished, the students are given a design challenge. The ch
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, Figure 5. Design Flow Chart
which are implemented by various student teams. These

tasks include object detection, motor control, obstacle

avoidance, and displaying status information.
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Summary fessor Buoncora may be reached at jbuon-
cora@qcc.cuny.edu

Systems engineering concepts are divided among vari- MARVIN GAYLE received the B.E. [E.E.] and M.E.

O.US courses .|n th_e curriculum at Q.ueensbor-ough Comm [E.E.] degree from The Grove School of Engineering at The
n|ty.CoIIe.ge, in spite of thgre not.bemg a dedicated sys'tem ity College of New York [C.U.NY] and is a Licensed Pro-
engineering program. It is an important, but Sometlmesfessional Engineer [P.E.] registered in New York State. Pro-

overlooked, concept. For the success of anyweald engi- f
essor Gayle may be reached at mgayle@qcc.cuny.edu
neering product, hardware and software developers must y y gayle@q y

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.

References

[1] K. J. Schlager, "Project Engr., AC Spark Plug Div.,
General Motors Corp., Milwaukee, WIisEEEE IRE
Transactions on Engineering Managemeviblume
EM-3, Issue 3, July 1956, pp. €6, ISSN: 0096
2252,

[2] The Washington Times, http://
www.washingtontimes.com/news/2010/oct/5/obama
holdssummitcommunitycollegeswhite-hous, re-
trieved October 6, 2010.

Biographies

DANNY MANGRA is an Assistant Professor at
Queensborough Community College. He received the B. E.
(E.E.) degree from The Grove School of Engineering at The
City College of New York [C.U.NY] and the M.S.E.E. from
Polytechnic University of New York. In the field he was a
Systems Engineer who tested and integrated Wide Area
Networks. Professor Mangra may be reached at dman-
gra@gcc.cuny.edu

JOHN BUONCORA received the B. S. degree in Elec-
trical Engineering and the M. S. degree in Electrical Engi-
neering from Polytechnic University of New York. He
worked in industry as a test equipment engineer and is now
an Instructor at Queensborough Community College. Pro-

000000000000000000000000000000000000000000000000080 -
INTERCONNECTEDSYSTEMS IN ENGINEERING TECHNOLOGY 41






