
IST 331 focused on the relationship between system design and 
the user to determine the best ways to design interactive 
information systems within a particular domain. We were 
exposed to the theory, principles, methods, techniques, 
applications, technologies, and measurements involved in the 
field of human computer interaction.  
 
During the course, my group completed two projects: a design 
for a head-up display in a tractor trailer and a design for an 
interactive scheduling system that leverages the capabilities of 
modern cellular telephones.  
 
The documents and presentations produced as part of this class 
follow. 
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I. Abstract 
 
     Each year, large trucks are involved in an average 
of greater than 400,000 accidents resulting in an 
average of 5,000 deaths per year on US roadways. 
The causes of these accidents include unintended lane 
shifts, unsafe driving, and obscured vision. We feel 
that the installation of an effective and usable head-
up display system in tractor trailers would 
substantially reduce the number of accidents 
involving tractor trailers to save lives, equipment, 
cargo, and lower insurance costs.  
     An effective design of a HUD would include a 
usable interface, visual and audible warning 
indicators, lane-tracking feedback capability, and 
collision warning indication. Here we discuss the 
feasibility of such a system, design 
recommendations, and justification of these 
recommendations. 
 
II. Introduction 
 
     Each year, the number of accidents involving 
tractor trailers is unacceptably high. An average of 
5000 large trucks are involved in a fatal accident per 
year. In the year 2001, large trucks were involved in 
429,000 accidents resulting in 5,082 deaths and 
131,000 injuries (FMCSA, 2001, NHTSA, 2001).  
     In fact, according to one expert, “More people are 
killed, unfortunately, in 4 and a half months on the 
highways than have been killed in all US aviation 
accidents combined since the Wright brothers’ flight 
in 1903.” (US Congress, June 27, 2002, p. 15) 
     The total economic impact of these crashes has 
been calculated to range from $24 (US Congress, 
July 9, 2002, p. 1) to $230 (US Congress, June 27, 
2002, p. 5) billion per year.  
     Several studies indicate that accidents occur 
because of reasons such as  unintended lane shifts, 
driving unsafely for road conditions, bad weather, 
obscured vision, and unsafe proximity to other 
vehicles among other reasons (FMCSA, 2000, 
Matteson & Blower, 2003). 
     Our goal is to produce design recommendations of 
a head-up display for a tractor-trailer with 
recommendations as to what features to include and 
how to design the interface. 
     To reach this goal, research into past accidents is 
analyzed, an interview is conducted with a subject 
expert, several previous research documents are 
considered, and every effort is made to explore and 
understand this issue from the point of view of the 
truck driver.  
     The recommendations given in our project could 
be used in a real-world implementation and will be 
economically feasible to be installed by trucking 

companies. Implementations of our recommendations 
will improve the safety of our national roadways, 
save lives, and play an integral role in reducing 
accidents involving tractor trailers. An additional 
effect of implementation may include decreased 
insurance costs for trucking companies that utilize 
our recommendations. 
 
III. Thesis 
 
     An effectively and appropriately designed head-up 
display that shows  lane tracking information, 
warnings/advisories, and data on proximity to 
vehicles around the truck (such as  in blind spots ) will 
make driving trucks safer. With the integration of 
audible feedback, the interactive system will be even 
safer. We feel that the development of a head-up 
display to relay important information to the driver 
via visual and audible cues would be influential in 
decreasing the amounts of life and monetary loss due 
to tractor trailer accidents each year.  
 
IV. Method 
 
     Our research methodology includes analyzing 
accident report data, surveying truckers on driving 
safety issues, utilizing a truck driving simulator to 
experience driving a tractor-trailer firsthand, and 
analyzing previous research and reports  in each of the 
areas we consider for the HUD. 
     Due to time and monetary constraints, we were 
not able to design the actual system and then conduct 
usability experiments on it using actual truck drivers. 
 
V. Sources of Information 
 
     Accident report data from multiple sources 
including the Federal Motor Carrier Safety 
Administration and the National Highway Traffic 
Safety Administration was used to gain insight into 
the conditions that influence accidents. This data can 
be used to determine what features to include in the 
HUD design. 
     A survey was conducted on ten randomly chosen 
truck drivers at a highway rest stop located on 
Interstate 80 at the 87 mile marker near Brookville, 
PA. This survey was taken to gain insight into the 
trucker’s view on highway safety and how 
technology might influence the HUD design. (See 
Appendix A for survey results) 
     To understand from the perspective of the truck 
driver the issues involved with driving a tractor 
trailer, we chose to experience firsthand what driving 
a large truck is like by using the Truck Driving 
Simulator at the Pennsylvania Transportation 
Institute. This simulator makes driving realistic 



through the use of multiple projection screens, a 
realistic cab interior, and driving feedback given 
through the response of a hydraulic system. (See 
Appendix B) 
     An interview was conducted with Dr. Martin 
Pietrucha of the Pennsylvania Transportation 
Research Institute. Dr. Pietrucha’s research involves 
studying the effects of human factors on highway 
safety. 
     Finally, several publications from 
governmentally-funded research institutes and private 
industry were consulted for a well-rounded view of 
the use of HUD technologies in transportation safety. 
 
VI. Findings 
 
     From accident report data, we have found that 
factors such as inattentiveness, reckless driving, and 
environmental factors such as bad weather and 
darkness contribute to fatal crashes. 
     The results of the survey indicate that all the 
drivers who participated were between 30 and 50 
years of age, the majority of whom had been driving 
a tractor trailer as a profession for between 3 and 15 
years.  
     Next to safer driving by drivers of passenger 
vehicles, drivers indicated that technology would 
influence highway safety the most. 
     Drivers indicated that displaying instrumentation 
data as well as proximity to other vehicles on the 
windshield would be helpful to them as a driver. 
     50% of drivers’ trucks currently use computerized 
navigation systems. 80% utilize mileage or other 
statistical data systems. Only one driver indicated 
that their vehicle had some form of proximity 
warning indicator. 
     The majority of truckers indicated they were 
comfortable using computers, with 90% reporting 
they use a computer daily or weekly.  
     From firsthand experience in the driving 
simulator, we found that driving a large truck is 
indeed a unwieldy task. Tractor trailers are slow to 
maneuver and slow to stop once up to speed. Large 
blind spots, difficulty in using mirrors (especially to 
judge the location of surrounding vehicles), and 
difficulty in seeing out of the windows influenced our 
decisions in the design of the HUD. 
     During our interview, Dr. Pietrucha indicated that 
it would be counterproductive to overload the user 
with too much information. Each feature we provide 
should be able to be turned on and off at will. Lane 
tracking would be a useful option, especially under 
low visibility conditions. Voice commands are 
useful, but the technology to comprehend voice 
commands might not be there yet. Audible feedback 
is useful, but not in situations where it may take 

longer for the user to comprehend the feedback than 
to take action. However, there are functions like 
navigation which may benefit from voice feedback. 
(Kroner, Mudrak, Pettinato, Suthar, personal 
interview, October 13, 2003).  
     The publications we found indicate that there has 
been a significant amount of commercial research in 
the areas of collision avoidance. In contrast, there has 
been little commercialization of lane-tracking 
devices.  
     Research into various aspects of Head-Up 
Displays is extensive. Our research considers color, 
size of text, location, and warning indicator design. 
     We also found a 1996 poll which indicates that 
71% of respondents are willing to pay more for goods 
if it means an increase in truck safety (US Congress 
July, 9, 2002). 
 
VII. Discussion 
 
     Several comments from the trucker survey 
indicated that the truckers feel that safer highways 
will come as a result of safer driving by pas senger 
vehicle drivers. It is well documented that passenger 
vehicle driver behavior is a significant contributing 
factor to crashes  (US GAO, 1999, US Congress, Sept 
10, 2002).  As many as 17% of 2 vehicle fatal crashes 
are not the truck driver’s fault. 71% of all accidents 
involving trucks are actually caused by passenger 
vehicles (US Congress, July 9, 2002).  56% of all 
crashes involve failure to perceive or comprehend a 
dangerous situation  (Hulse, Dingus, & Barfield 
1998). By enabling truck drivers with a head-up 
display to more easily detect these situations, safety 
will improve.  
     The function of an HUD in a truck is to display 
relevant information in some way and/or form. This 
information must be displayed in such a matter that it 
would not distract the driver but at the same time 
give vital information about the road and vehicles in 
the proximity of the truck.  
 

Colors and Text 
 

     Information readability is a major design concern 
for all kinds of in-vehicle displays. Design attributes 
from the size of text to the color of the display must 
be considered thoroughly or else the display can be 
rendered useless. While actually building the display 
is a difficult task in itself, selecting the proper 
parameters becomes just as tough.  
     Ergonomically, one must consider the driver and 
put themselves in their point of view. From a Utopian 
standpoint, the perfect HUD would consider all 
different kinds of drivers; the color-blind, short, tall, 
older drivers, etc. However, these driver constraints 



are far too real and pose a problem for all designers. 
To overcome such problems and limitations, the 
display parameters must be optimized with certain 
boundaries. 
     In terms of color constraints certain guidelines 
should be met. First, should the designer exc lude the 
color-blind community? According to Federal 
Highway Administration, only about 8% of the male 
population is colorblind. Therefore, it is not practical 
to focus limitations on whether to use color or not. 
However, it is suggested that color should not be 
solely relied on to display information. In addition, 
the use of too many colors can be distracting and 
render the HUD not usable. (Dingus, Hulse, Jahns, et 
al, 1998) 
     Once color is accepted as one of the forms by 
which to display information, which particular colors 
becomes a major design criterion. The problem posed 
is so big that it has imposed worldwide debate and 
many have studied and researched the effect of 
certain colors in driving situations. Colors used in 
designing all aspects of vehicle and driver 
interactions are somewhat similar. Therefore, 
considering guidelines for traffic lights can be useful 
when considering guidelines for in-vehicle displays. 
According to the FHWA, green is often used for 
information indicating “O.K., accept, proceed,” 
yellow for “caution, wait” and red for “stop, cancel, 
hazard . . .” (Campbell, Carney, Kantowitz, 1998) 
     Colors should also be discriminated. The same 
color, or tone of the same color, should not be used 
for two different sets of information that are close 
together. Along the same lines, contrast and 
illumination are also good design considerations. A 
black and white display works very effectively, while 
a gray and white display would not. The greater the 
degree of contrast between certain colors means 
quicker detection and identification time from drivers 
(Dix, Finlay, Abowd, Beale, 1997).     
     While color is a big design criterion, so is the size 
of the text or information that is displayed. If the size 
of the text is relatively small, it could increase the 
time it takes a driver to read and interpret the 
information; at the same time if the text is too big it 
could distract the driver from other symbols or icons 
on the display. In a paper published by the Human 
Factors division at the University of Michigan 
Transportation Research Institute, the research 
committee tested different types of in-vehicle 
navigation systems and tested to see which “look” 
works the best. In their experiments they considered 
the James Bond Rule to estimate the required size of 
characters. The Bond Rule states that the visual angle 
should be greater than or equal to .007 radians, which 
means for a standard instrument panel in use of 
vehicles today, the required character height is about 

.25 inch. According to UMTRI, in an experiment in 
reading textual speedometers, reading times were 
reduced for characters up to ¾ of an inch high. So, a 
¼ of inch height of text can be considered to be the 
minimum for truck in-vehicle displays, while ¾ to 1 
inch should be the max. (Green, 1996) 

 
Location, Location, Location 

      
     To properly implement an in-vehicle display, the 
information must be made accessible to the eye and 
not force the driver to move or deviate from looking 
at the road. The location of these in-vehicle displays 
should be practical, and their use should be 
considered. Take for example the location of 
temperature controls and speedometers. If they were 
to be switched, the results would be catastrophic. To 
person driving, speed is an important factor, so the 
speedometer is placed right in front of the driver, and 
the temperature controls that are far less important 
are placed in the middle console.  
     HUDs have the ability to improve driving 
performance if implemented properly. According to 
the Federal Highway Administration, the number one 
location consideration for HUDs that display vital 
driving information such as speed and/or lane 
tracking should be close to the driver’s nominal line 
of sight. This reduces eyes off the road time and also 
isolates information from clutter already in place by 
the standard instrument panels. In a truckers cab, the 
line of sight from windshield to driver’s seat is 
similar to that of a car driver’s seat place in an 
upright position. It is virtually impossible to recline 
the driver’s seat in a truck, so the line of sight 
remains nominal and same to that of an average car. 
(Campbell, Carney, Kantowitz 2, 1998) 
     In a location of an HUD experiment done on a 
Cadillac Seville, the final results repeated the 
findings that of the FHWA. According to Delphi-
Delco Electronic Systems, in their publication 
research for an improved Automotive Collision 
Avoidance System, the ideal HUD location was 
tested to be close to about 3500mm with a lookdown 
degree of about 4.5 degrees. (NHTSA 1, 2000) 
     In a study that set principle guidelines for in-
vehicle displays suggested that drivers spend the 
most time in tuning a radio (Appendix C). According 
to their study, the least amount of time is spent in 
reading the speedometer while reading times for 
HUDs are scattered. This suggests that the most 
influential and number one location for an HUD 
would have to be right in front of the driver. It should 
not distract the driver from the road and keep his/her 
eyes on the road. (Stevens & Rai, n.d.) 
     The kind of information in terms of location 
should also be considered. In our implementation, 



lane tracking is an important tool in our display, and 
while lane tracking may not be useful to cars, for 
trucks it is the ideal instrument. The information 
shown from lane tracker should be made accessible 
to the eye, where the time to read and comprehend 
the information should be almost instantaneous. With 
that said, and taking into consideration our previous 
arguments, the lane tracking device should be located 
in the same line of sight as that of the road. The 
information is real time, so therefore the location of 
the information should reflect the real time 
movement of the road “behind” the windshield, thus 
the lane tracking device should be reflected on the 
windshield with a zero degree eye movement (right 
in front). With this implementation, eye off the road 
time would be reduced to zero, and the truck driver 
can thus pay attention to both the lane tracking 
information and other vehicles in front (Appendix D).  
 

Warning Indicators 
 
     “An Iowa State University study concluded that 
99 percent of the cost of truck accidents can be 
attributed to collisions that happen while trucks are 
moving straight ahead, changing lanes and while 
turning or merging.”  (Siuru 1998) In an article 
supporting the importance of warning systems, the 
author expressed that in trucking accidents , 60 
percent are rear-end collisions, 50 percent are 
intersection accidents, and 30 percent are from 
oncoming collisions. The author states that Daimler-
Benz found that rear-end collisions and intersection 
accidents could be “reduced by 90 percent if the time 
to react was increased to one second.”  
     Warning systems come in all different forms and 
sizes. But guidelines for these systems stay relatively 
the same. They must not give false warning, they 
should be simple visual or audible alerts, and also 
while warning systems can be useful they must not be 
distractive. (Lee, Carney, Casey, Campbell, 1999) 
     Today there is an increase in warning indicators 
for trucks simply because accidents from trucks have 
been found that they could have been avoided with 
prior warning. One of Delphi’s most important 
technological products in place today is the 
Forewarn® Radar Based Back-up Aid which uses a 
combination of radar and ultrasonic sensors that can 
aid the driver when reversing (Delphi Inc, 2003). 
This particular method uses visual LED displays and 
audible tones to alert the driver of objects as far as 5 
meters away (Delphi Inc, 2002 See Appendix E). 
This  and other forms of warning systems, if 
implemented correctly, can greatly reduce big-rig  
accidents. 
     While considering what warning indicators should 
do, it is also helpful to consider which warning 

symbols work the best. According to ACAS program, 
studies have found the top ten warning symbols that 
are most useful to all age of drivers. The most 
effective warning symbol was that for “Caution-
Front” and “Crash-left side.” (NHTSA 2, 2000) 
     In summary, while visual and audible alerts work 
well, a good combination of the two work the best. 
Symbols for visual warning symbols should be kept 
simple yet clearly express their warning, and color 
tone should project the type of warning. (See 
Appendix F). Thus, considering all possible warning 
symbols and their effects, and the high rate of side 
and back related accidents in truck drivers, we 
suggest a visual, illuminated warning system. The 
display would include a layout of the truck with a 
black background and white layout of the truck. 
Using LED technology, LED symbols would be 
strategically located around the layout of the truck 
and illuminate in orange when there is a vehicle 
present on either side. The symbol would turn red 
when the truck steering wheel begins to turn into the 
lane in which another vehicle  may be present. (See 
Appendix G) For reversing, we suggest a warning 
system similar to that of Delphi but our display 
would illuminate an orange bar across the back of the 
truck when an object is more than 500 feet away. In 
increments of 100 ft, once the object is closer than 
200 ft, the orange bar would turn to red indicating 
stop or immediate danger. The warning system would 
not be active when the truck is in park; however, in 
all other gears it would be automatically turned on. 
Considering location guidelines set forth earlier, this 
system will be placed at eye level or higher on the 
left side (driver’s side). This way, nominal line of 
sight is considered, but it is not distracting with 
normal driving operation of the truck. It is easily 
accessible to the eye when turning. Though audible 
alerts can be implemented into the system, they 
should not be repetitive and can be turned off or on 
by the driver. 
 

Collision Avoidance 
 
     Since our main goal in developing this system is 
to reduce the number of accidents that involve large 
commercial trucks, an in-vehicle collision avoidance 
system will also be implemented.  Technology exists 
that will help to reduce the frequency of collisions 
cause by one driver rear-ending another driver.  The 
National Highway Traffic Safety Administration 
estimates that a collision warning system could 
reduce the number of rear-end collisions by some 
759,000 accidents.  (Jensen, 2001) 
     For our system, we will recommend a laser-based 
headway detection device, the ControlLaser CL200 
by Silicon Heights, Ltd.  This system uses a laser to 



detect the proximity of the leading vehicle, and 
activates an alert when the two vehicles are too close. 
(Ben-Yaccov, Maltz, Shinar 2002)  Studies have 
shown that such a system is effective not only in 
causing drivers to slow down when necessary, but 
they also help to train the driver to keep a safer 
distance, even when the system is not turned on.  
(Ben-Yaccov, Maltz, Shinar 2000) 
     Our collision avoidance system will alert the 
driver in two ways.  One study has shown that the 
most effective form of alert for this type of system is 
a steady alert on the HUD combined with a short tone 
which repeats four times in rapid succession.  Not 
only did these produce the shortest response time, but 
they were shown to be the least annoying to the 
driver. (Kiefer, 2000) Another experiment has found 
that “auditory icons” elicit an even shorter response 
time than a standard tonal sound. (Belz, Robinson, 
Casali, 1998) Therefore, we recommend that the 
collision avoidance system alert the driver through 
both auditory icons and a steady HUD alert 
simultaneously.  This system will not only help to 
reduce the amount of collisions, but it will help the 
driver stay at a safer distance.  Also, the alerts chosen 
will be the least distracting and the least annoying to 
the driver when s/he chooses to activate the system.  
Keeping the driver in mind, we will give him/her the 
option to select whether they wish to have both the 
audible and visual alert active or whether they would 
like feedback from only one of these. 
     Another possible option was the use of adaptive 
cruise control which uses radar to adjust the cruise 
control speed of the vehicle depending on the 
proximity and speed of the vehicles around it.  This is 
more of a stress reducing feature than a safety 
feature.  It, however, was ruled out due to the fact 
that research has shown that the less often a person 
performs a task, the higher their response time will be 
when they need to perform that task. (Jensen, 2001) 
This means that if a driver needed to hit the brakes in 
an emergency situation, it would take him/her more 
time to do so.   

 
Lane tracking 

 
     Tractor-trailers are large, complicated machines 
that require great attention in order to operate safely.  
We have also decided to recommend the utilization 
of a lane tracking system in our HUD design.  
Probably the most obvious reason for lane tracking 
equipment is that most tractor-trailers occupy an 
overwhelming majority of the lane they are assigned.  
Any subtle movement by the driver can result in 
unexpected lane swerving, which can and often does 
result in an accident. In some cases, longer 
combination vehicles, or triple trailer semis, can sway 

3-4 feet unnoticeably into other lanes, even on a 
windless day. (US Congress, July 9, 2002) 
Unintentional lane changes may occur for many 
reasons such as fatigue. (Anonymous, 1997)  Another 
reason to support our lane tracking installation would 
be to help the driver navigate during times of low 
visibility. 
     According to a research proposal done by the 
Human Factors and Ergonomics Society, there are 
several considerations to be made when designing 
any new equipment for a vehicle.  Taking into 
account the user (the driver in this case) is the most 
important. (Raby, McGehee, Lee, & Nourse, 2000) 
We have found that the using lane tracking devices in 
low-visibility conditions is a useful feature, but many 
current lane tracking device designs are not feasible. 
The HFES decided that a user-friendly lane-tracking 
HUD design would be dimmable and able to be 
turned on and off to remove it from view. They found 
that drivers prefer a cabin that was as dark and 
uncluttered with gadgets as possible. The final design 
was a screen that showed the driver’s position 
relative to the center and shoulder of the lane, and 
displayed the distance from each.   
     A lane tracking system is desired and is 
considered helpful to tractor-trailer drivers.  Research 
has shown that many accidents occur every year due 
to unexpected lane shifts.  Our tractor-trailer HUD 
guidelines incorporate a lane tracking device very 
similar to the one shown in Appendix H, as we 
believe it will aid the driver in the better control of 
his  or her vehicle . 

 
Future Research 

 
     We feel that these recommendations alone will 
make driving safer, but there are other topics of 
interest when it comes to highway safety. One idea is 
to design a system to detect and act on fatigue, which 
is consistently identified as one major contributing 
factor to fatal accidents. Geographic Information 
Systems and real-time weather forecasts could be 
used to alert drivers of dangerous road surface 
conditions. Navigation systems that use human 
speech for input and provide usable verbal output 
could also have significant effects on truck driving 
safety. Systems such as these or their integration into 
a head-up display could be influential in highway 
safety. 
.   
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Guidelines for…

…a Tractor Trailer 
Head-Up Display 

Team Col·lab’o·ra ’tion: 
George Kroner
Bill Mudrak
Rick Pettinato
Vatsal Suthar

Goal for the project

• To provide recommendations for the 
implementation of a HUD in semis

• To reduce the number of injuries and 
deaths each year due to accidents that 
involved tractor trailers

• To reduce the costs associated with 
tractor trailer accidents

• “If every F-16 fighter pilot can have a 
HUD, then why can’t every truck driver”

Something you can relate to

• We’ve all ridden a CATA bus before
• Has the driver ever swerved into traffic 

and almost gotten into an accident?
• Next time you are in one, look at the 

mirrors the driver has to work with

Big Mother Truckers

• If you can’t relate to that, then here’s 
something else IST students may be able 
to relate to…



2

The PTI simulator

• A game is not the most realistic thing in 
the world

• To better experience what driving a truck 
is like, we visited the truck driving 
simulator at the Pennsylvania 
Transportation Institute

The PTI simulator Video Clip

Interview

• We also interviewed 
Dr. Martin Pietrucha, 
a researcher for the 
PTI, while we were 
there

The survey

• We made every 
effort to see this 
project through the 
eyes of the truck 
driver

• This included taking 
a survey of 10 real-
life truck drivers at a 
rest stop on I-80
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HUD design (color schemes)

• Color should not be solely relied on to 
display information. In addition, the use 
of too many colors can be distracting and 
render the HUD useless 

• It has posed a worldwide debate, and 
many have studied and researched the 
effect of certain colors 

HUD design (color schemes)

• Through our research we have narrowed 
down to three colors:

• Red (stop) 
• Yellow/Orange (slow down, proceed with 

caution)
• Green (go, O.K.)

• Contrast, luminosity, separate tones: 
black and white work the best, not too 
bright, not too dim, try not to have the 
same color tone next to each other.

HUD design (icons) HUD design (location)

• Think about instruments already in 
vehicle. Why?

• Through research we have found:
• Display vital driving information close to the 

drivers nominal line of site 
• In a truckers cab, the line of site from windshield 

to drivers seat is similar to that of a car drivers 
seat place in an upright position. It is virtually 
impossible to recline the drivers seat in a truck 

• about 4.5 degrees down if needed

• To reduce eyes-off-the-road time.
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Lane tracking

• Useful in low-visibility situations
• Some trailers can sway into other lanes 

of traffic unnoticeably
• Must be useful and unobtrusive
• Current technology exists

Lane tracking

Collision warning

• Could reduce total number of highway 
accidents by 759,000 [NHTSA]

• ControlLaser CL200 (Silicon Heights, Ltd.)
– Help drivers slow down when necessary
– Train drivers to keep safer distances on highways 

[Ben-Yaacov, Maltz, Shinar 2000]

• 2 Alerts [Kiefer, 2000]
– Steady HUD display
– Auditory Icon [Belz, Robinson, Casali 1998]

Collision warning
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Other options considered

• Adaptive Cruise Control
– Slows vehicles automatically according to 

the speed of the vehicles in front of them

– Less often a person performs an action, the 
higher their response time will be when they 
need to perform it [Jensen 2001]

• Speech Recognition System
– Current Technology is Inaccurate
– May annoy drivers more than help them

Other options considered

An example Questions/Comments

?
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I. Abstract 
 
     Increasingly in higher education, students work 
collaboratively in teams to complete papers and 
projects. Because of this increased focus on 
teamwork, students  may find it increasingly difficult 
to manage and coordinate schedules, especially when 
multiple classes require such interaction outside of 
normally scheduled class time.  
    To further complicate schedules, students not only 
schedule time for class projects, but for many 
personal activities including doctor appointments, 
campus events, exercise, recreation, and work. 
     By designing a user interface that enables students 
to use their cellular telephones  to communicate with 
various sources of calendar data to plan and 
coordinate their schedules, they will benefit . 
     Here we discuss the feasibility of such a system, 
technologies which could be used in implementing 
such a system, uses of such a system, and user 
interface design recommendations.  
 
II. Introduction 
 
     According to the Federal Communications 
Commission, in June of 2001 there were 114,028,928 
wireless telephone subscribers in the United States 
(FCC 2002).  The number of cellular telephones in 
use by these subscribers is growing geometrically 
(Larson, Gilbert, McTear 2003). Ninety two percent 
of the phones currently in use are capable of allowing 
access the Internet from anywhere (CTIA 2003). One 
of the highest growing populations who take 
advantage of such technology is the 10-24 year-old 
age bracket. It is predicted that half of all teens will 
own cellular telephones and three out of four use 
cellular telephones by 2004 (Barnes 2003).  
     There is no doubt that cellular telephones are 
becoming pervasive with college-aged students. 
Phones are a technology that students have grown up 
with and are comfortable using. In fact, telephones 
currently outnumber computers by a factor of ten to 
one (Larson, et al. 2003). The transition of phones 
into the wireless arena has enabled increased mobility 
and easier sharing of resources (Palen, Salzman, & 
Youngs 2001). 
     According to The Student Monitor, in fall of 2002 
as many as 80% of college-aged students owned and 
used a cellular telephone. When considering the 
varying electronic devices present in the marketplace 
that students use to keep track of their schedules, an 
obvious choice is one that the user currently owns 
and is familiar with. 
     The cellular telephone is a device which is already 
designed to both accept human speech as an input 
and alert the user to appointments and telephone calls 

through audible and tangible beeps, rings, and 
vibrations. Cellular telephones have a distinct 
advantage over other devices in that they allow users 
to speak and listen rather than click and type (Larson 
et al. 2003).  
     If  an interactive system can be designed to take 
advantage of these properties of the cellular 
telephone as well as other technologies present in the 
industry, students would be able to use the cellular 
telephone to more effectively manage their time. 
 
III. Thesis 
 
     By properly designing a user interface that allows 
college-aged students to manage their time by using 
their cellular telephones, students will be able to 
more easily coordinate and keep track of their 
complex schedules. In addition, the features that can 
be made available with such a system may benefit the 
students in other ways.  
 
IV. Method 
 
     Our research methodology includes reviewing 
current literature on the subjects of Computer 
Supported Collaborative Work, calendars and 
scheduling systems , user preferences in interactive 
systems, and current wireless and mobile device 
usability research. We surveyed a group of college-
aged students  on their scheduling and calendar-
keeping practices. We acquired market trend data for 
cellular telephone usage among college students. 
Finally, we completed cognitive mappings with a 
group of college-aged students and during an 
interview with a subject expert. 
     Due to time and money constraints, we will not be 
able to prototype a possible design of our system and 
conduct a user study. Current limitations of calendar 
software integration capabilities and the wide range 
of cellular phone devices and providers present in the 
marketplace also present a problem if a user study 
was to be undertaken. 
 
V. Sources of Information 
 
     Our literature review focused mainly on various 
publications from the ACM focusing on the areas of 
CSCW, groupware calendars and scheduling systems, 
user preferences in interactive systems, and wireless 
and mobile device usability research. It also included 
publications such as Scientific American and 
organizational web sites such as the World Wide 
Web Consortium, an international organization 
promoting standards for the World Wide Web. 
     Market trend data was acquired from reports 
published by The Student Monitor, a collector of 



demographic and sales data for college-aged students, 
and from the Federal Communications Commission. 
     We examined the technology currently used for 
scheduling in the current market including PDAs and 
Microsoft’s Outlook software. 
     To gain insight from the perspective of the user, 
cognitive mappings were made for eight randomly 
selected college-aged students to depict how these 
students scheduled and managed their time.  
     A cognitive mapping was also comp iled during an 
interview with Dr. David Mudgett, a subject expert 
who studies task scheduling, especially in the context 
of large distributed systems. 
     Finally, to gain a better understanding of the tasks 
that users in a higher education environment might 
schedule, how they manage their time, and their 
opinion on using cellular telephones to schedule, a 
survey was conducted with 15 participants who fit 
our intended demographic.   
 
VI. Findings 
 
     People have a need to schedule appointments and 
meetings in their lives. The human memory is not as 
reliable as a documented schedule. Human brains 
cannot easily handle the task of keeping track of 
complex schedules or coordinating events with many 
other peoples’ schedules (Kroner 2003).  
     In the high-paced environment of higher 
education, humans have a need to keep up with all 
aspects of their lives. Whether it is personal time or 
professional time, everyone is doing something with 
something or someone else at any given time. This 
increasingly chaotic lifestyle puts a huge burden on 
not only the human body, but the brain that governs 
these lifestyles. According to a study that compared 
the RAM of computers to the memory capacity of 
humans, on average the human brain can remember 
close to two bits per second; translated to a lifetime 
of memorization, the human mind can only reach few 
hundred megabytes of memory space (Merkle 1988).  
     With such a capacity for remembering events, 
humans still experience some sort of memory loss. 
This, in the realm of their lives, can cause severe 
problems in the work place or in personal life. 
     Take, for example, the medical society. Without 
the use of current technology to help doctors 
schedule and remember appointment times, doctors 
and other medical staff could forget these 
appointments, which in an overall view could affect 
everything from medical supply management to the 
life of the patient (Egger & Wagner 1992).  
     For a further in-depth look, our focus leads us into 
the lives of students and their interactions. In a 
survey given to students  and professors at the 
Pennsylvania State University, we asked why 

students need to schedule. The response was obvious: 
to remember important milestones in life. 
Researchers such as Palen (1999) classify calendar 
usage into the following categories: temporal 
orientation, scheduling, tracking, reminding, note 
recording, retrieval and recall of events, and personal 
and social coordination. 
     We found students used scheduling devices or 
wrote down notes because they wanted to remember 
important dates and/or times. These reminders consist 
of anything from meeting a friend at a bar to writing 
down the date for the final exam of a class. Students 
who had schedules that changed constantly at work 
also noted this in their weekly planners. All in all 
students used these “reminding” devices to basically 
remember when certain “milestones” were to occur 
(suggestions were made for birthday and trip 
reminders as well). 
     From our survey we also noticed an overlapping 
of time management between personal lives and 
professional/working lives. For some students, 
everything from spending time with a loved one to 
student/professor meetings, there was a need to write 
down, note, type up, record (digital voice recording), 
or otherwise document important dates and times.  
     From why students noted these “milestones ,” 
there is also a need to know what was documented. 
Going back to our medical facility scenario, a closer 
look was taken into the time management of the 
doctors, surgeons, nurses, and any other medical staff 
that would be needed for a particular surgery. The 
study looked at the doctors ’ practice habits, times 
patients met with the doctor prior to the surgery time, 
and even time spent coping with personal problems 
(Egger & Wagner 1992).  
     Students also noted different events, dates, and 
milestones. In general, these items were broken down 
into three categories: personal time, work-related 
time, and education-related time. For some or all 
students , personal time was scheduled if it related to 
time set aside to interact in some form (by phone or 
in-person meeting) with friends and/or family and to 
run errands that were not work or school related (for 
example to get groceries). Little response was given 
to noting time to sleep or reminders to eat. We 
speculate that these activities are practically innate 
and do not require some sort of reminder. Work-
related scheduling included documenting project 
deadlines, work schedules, meetings, business trips, 
different forms of interaction (such as to call or email 
a client), and/or bills if someone owned their own 
business. Finally, education-related time was 
scheduled for class times, meeting with professors, 
project/classwork deadlines, reminders to do 
complete classwork or class projects, and exam 
times. Reminders were mainly set for meeting with 



professors and/or advisors, because missing one of 
these set meetings would result make the student look 
bad and irresponsible. 
     Students have several different methods by which 
they keep track of their busy schedules.  Current 
methods that students use to stay organized include 
everything from a Personal Digital Assistant (PDA) 
to simple pen-and-paper based methods.  Some 
students do not utilize any methods of organization 
and rely completely on memory.  We have noted 
these methods so that we can analyze and develop all 
of these current systems into an interface that will 
successfully meet the needs of a student user of our 
system.  Such methods that we have identified 
include PDAs, daily planners, the use of an 
administrative assistant, using an index card, and by 
memory.  We are also aware that students utilize 
several software packages to manage their schedules.  
Examples of scheduling software include the 
Microsoft Outlook calendar and Lotus Notes.  All of 
these examples include their respective pros and 
cons, but we intend to exploit the positives of all of 
these systems and include them in our scheduling 
agent.   
     Our literature review reveals that there has been 
significant research into the area of Personal 
Information Management (PIM) software which 
includes calendars and scheduling programs .  
     The impacts of how scheduling software can 
affect the user and how the usability of a mobile 
device can affect its use have previously been 
considered.  
     Finally, various technologies that can be used in 
the implementation of this system have already been 
considered and evaluated.  
 
VII. Discussion 
 

Feasibility of this System 
 
     Everyone schedules their time in some form or 
another using a variety of methods. This is not a 
system that would replace any current scheduling 
system used by students but would rather mobilize, 
supplement and enhance it.  As such, it should be 
designed so that it can synchronize or update with 
currently existing calendar and scheduling software. 
Since this system would take advantage of 
technology which only certain users may be 
comfortable using, it may not be a good solution for 
someone who currently uses only paper or memory to 
track their schedules.  
     As users become increasingly used to carrying 
cellular telephones on their person as people are 
currently accustomed to wearing watches, they may 
look to this device to provide more functionality than 

only voice communications. We see this migration in 
cellular telephones currently on the market which 
offer some functions previously reserved only for 
PDAs (Raghunath & Narayanaswami 2002).  
     For extremely busy persons such as the doctors 
described previously in this paper and college 
students who may live their lives to their schedules, 
this can be an extre mely useful technology, 
especially to persons who already carry and use 
cellular telephones. 
     If this system is used to coordinate schedules 
among multiple users, it is important to factor privacy 
into the design of the system. Who should keep 
calendars and who should have access to others’ 
calendars is something that should be seriously 
considered. If this aspect does not meet the 
expectations of the user, it will contribute to the 
failure of this system. (Egger et al 1992, Tullio et al. 
2002) 
 

Technol ogies to Implement this System 
 

     To even be possible, the right technologies must 
exist for this system to work. One of the requirements 
for this system to work is the ability to access 
calendar data from a variety of sources. We also plan 
to allow phones to synchronize calendars with each 
other for purposes such as querying available times 
from team members. Cellular telephones currently 
have the capability to do this. Bluetooth, wireless 
Ethernet, and infrared connectivity allow 
communication among phones within close proximity 
to each other. Cellular communications technologies 
such as GSM allow cellular telephones to 
communicate via the Internet either with each other 
or with a common shared source of calendar data. 
(Churchill & Munro 2001).  
     In our scheduling system, we plan to use 
technologies and ideas developed as part of the 
semantic web to enable sharing of calendar data 
between people and other calendar systems .  The 
semantic web is what today’s Internet will become.  
It is a vast, decentralized, machine-readable database 
which will be accessible and comprehensible to 
intelligent web agents which can be used by any 
number of devices, including PC’s, cell phones, and 
PDA’s (Bonner 2002).  According to Tim Burners-
Lee, commonly regarded as the inventor of the World 
Wide Web, the semantic web can be describes as an 
effort to develop “languages for expressing 
information in a machine-processible form” (Berners-
Lee 1998).  Our scheduling system will take 
advantage of this new way of organizing and using 
data. 
     In order for us to implement the semantic web into 
our system, the system must be web-based.  The 



semantic web uses URLs, XML, and RDF (Resource 
Description Framework).  The URLs specify a 
location for the data, the XML holds the data, and the 
RDF gives the data meaning and describes how it 
relates to the other data on the web (Berners-Lee, 
Hendler, & Lassila 2001).   
     An example of using the semantic web in our 
system would be storing a student’s schedules in 
XML files and using the RDF to give them meaning 
to this  scheduling system.  When students decide to 
schedule a meeting, the web agents on their cellular 
phones (or any other device which utilizes the web 
agent) will locate this data for each group member 
via a connection to the Internet.  Each student’s 
current schedule including classes, other meetings, 
and work schedules, as well as their preferred times 
to meet will be stored on a central server.  
     Though it is not currently in place, the first steps 
in weaving the semantic web into the existing web 
are already in place (Berners-Lee et al. 2001).  
Making use of it when it is developed will allow us to 
go beyond a simple scheduling system if desired.  
Other web agents may be added to the devices which 
will allow them to communicate with other data on 
the web.  One example of this is linking to files with 
a student’s current grades.  The web agent could use 
these grades and find trends such as whether the 
student is progressively doing better or worse in the 
class.  If the student’s grades seem to be declining 
sharply, the web agent could send a message to the 
cell phone which would alert the student of his/her 
performance and allow them to automatically  
schedule a meeting with their professor.   
     The semantic web has great implications for our 
future and how computers will play a role in it.  The 
semantic web was developed to better enable 
computers and people to work in cooperation 
(Berners-Lee et al. 2001).  The semantic web is the 
next generation of the Internet, and by making plans 
to implement it in our system now, we are preparing 
for the future today.   
  

Uses of this System 
 

     One of our main goals of developing such a 
system is to aid college-aged students with keeping 
track of their schedules. College students are among 
the busiest people out there and the most likely to use 
cellular telephones. 
     We feel that by allowing students to coordinate 
their own personal schedules with those of each 
other, they will more easily be able to schedule 
meetings to work collaboratively on class projects 
and papers . 
     In a similar way, another result is that students 
may be able to more easily coordinate schedules with 

academic advisors and professors whose schedules 
are often as busy as the students ’. In this manner, 
students can have greater personal interaction with 
their educators and advisors.  
     Students may also benefit from a system that 
efficiently manages their own personal schedules. By 
allowing the system to manage their time, students 
may benefit in many ways. The example above, 
where the scheduling system was able to modify a 
student’s schedule based on grades is one way. 
Expanding on the idea of integrating the semantic 
web into our system, if grades fall below a certain 
level, extra hours to study for that class and a meeting 
with the professor during his/her office hours can be 
scheduled into a student’s weekly calendar.  
     Another example of using the semantic web to the 
student’s scheduling advantage is in scheduling 
weekly trips to the movies. By using the semantic 
web to pull movie dates and times from the Internet, 
this frees the student from the hassle.  
     By setting preferences for scheduling 
extracurricular activities into the device, our system 
will be able to pull calendar data for events scheduled 
to take place around campus. If a famous politician 
were coming to speak on campus and the student is 
interested in politics, this event can automatically be 
placed into the student’s schedule.  
     This system will also allow students to change 
their schedules on the fly. If one student of a group 
cannot make a meeting, a simple query to each other 
member’s schedule can find another time to 
accommodate all the members. (Grudin 1988). 
     One of the most annoying problems professors 
experience in the classroom is the ring of the 
unexpected phone call in the middle of class, or 
worse, the middle of an exam. If the scheduling 
system could know when a student is in class or an 
important meeting, the user agent can automatically 
turn off the ringer to the phone. Being time -aware, a 
phone also wouldn’t ring while the user is sleeping to 
indicate a call or low battery. (Mueller 2000) 
     Finally, with cellular telephones that are capable 
of accessing the Internet, e-mails can be sent to the 
user or other group member when changes are made 
to his or her schedule.  
      

User Interface Design Recommendations 
 

     All of these features are very useful to the user, 
but without a usable interface, this interactive system 
becomes useless. Most cellular telephones don’t have 
a usable screen size any larger than a post-it note. 
Therefore, careful attention must be paid to the 
design of the user interface and how the user interacts 
with the system.  


