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Abstract This paper proposes an approach to promote stu-
dents’ social awareness as part of challenging projects in
robot design. A new robot contest was developed to mo-
tivate and focus these projects: RoboWaiter, the first inter-
national robot competition in the rapidly growing area of
assistive robotics. RoboWaiter has been held since 2009 in
Hartford, Connecticut in conjunction with the annual inter-
national Trinity College Fire-Fighting Home Robot Contest.
We describe how dialogue among the authors and members
of the Connecticut Council on Developmental Disabilities
(CTCDD) directed development of RoboWaiter and led the
CTCDD actively to participate in the organization and exe-
cution of the contest. We discuss the assignment and rules of
the competition as well as the engineering challenges associ-
ated with designing robots for RoboWaiter. We also present
responses of contest participants, both engineering students
and people with disabilities. These reflections indicate that
the challenge of creating a fetch-and-carry robot raised cu-
riosity among engineering students and increased their inter-
est in participating in the project. Moreover, the RoboWaiter
project helped students to recognize the social challenge of
assistive robotics and to understand that engineering work
has importance beyond pure technical achievement. Partic-
ipation of people with disabilities in the robot contest was
motivated by the wish to draw public attention to the need
for new assistive technologies and to inspire socially respon-
sible education in universities and schools.
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1 Introduction

Studies of engineering education programs point to the need
for more effective integration of engineering knowledge
with contextual knowledge, competencies of practice, and
values of professionalism and ethics that define the work
of engineers for the good of those they serve [1]. In addi-
tion, studies of engineering outreach programs indicate that
one of the factors impeding interest in the engineering pro-
fession is a stereotype that views engineers as technocrats
who deal with machines but who are indifferent to human
needs [2]. Consequently the authors believe that engineer-
ing education must change directions if it is to address these
factors and that it is important to develop projects and other
assignments that require students to apply engineering prin-
ciples to solve problems that benefit society at large. Such
projects inherently encourage socially responsible engineer-
ing education. One approach to socially responsible engi-
neering education is through learning practice in assistive
technology [3]. In this paper we describe an approach that
addresses a perceived deficiency in engineering education
while addressing a significant societal need.

According to the Bureau of Industry and Security, U.S.
Department of Commerce, more than 17% of Americans
have a disability, and half of that cohort has a severe dis-
ability. The number of persons with severe disabilities is in-
creasing and will continue to grow as the population ages
[4]. Many persons with disabilities benefit from an assistive
technology (AT) device, an “item, piece of equipment, prod-
uct or system, whether acquired commercially off the shelf,
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modified, or customized, that is used to increase, maintain,
or improve the functional capabilities of persons with dis-
abilities” [5]. In a 2005 survey by the U.S. Department of
Education, National Institute on Disability and Rehabilita-
tion Research, 64% of respondents used some form of as-
sistive technology. The most common were mobility assis-
tants (canes, crutches, walkers, scooters and wheelchairs),
hearing aids, and oxygen tanks. Most respondents who used
AT said it made them more productive and more aware of
their rights [6]. A U.S. Bureau of Commerce report pointed
out that there is an active and rapidly growing AT industry
that manufactures more than 17,000 products and employs
more than 20,000 workers [4]. Still, according to the Assis-
tive Technology Industry Association, the number of peo-
ple currently using AT is only a fraction of those who could
benefit from it [5]. Thus, it is appropriate to raise awareness
among engineering students about the needs of those people
and to encourage them to solve associated design problems.

There is a growing body of research focused on the cre-
ation of robots to assist people with physical impairments in
their daily life activities. One of the problems faced by these
people is the need to move things around the house. A num-
ber of recently developed fetch-and-carry robot prototypes
address this need. Taipalus and Kosuge [7] present a fetch
robot with sophisticated architecture and complex function-
ality. The mobile robot is equipped with two computers (one
for real time control and the other for image processing),
four cameras, and an arm with touch and optical sensors
attached to the gripper. The functionality includes naviga-
tion in the controlled environment, recognizing and gripping
a predefined object and delivering it on a tray to the hu-
man. Another example is a fetch-and-carry robot developed
at Georgia Tech [8]. The robot can fetch objects and open
drawers on command, performing functions sometimes car-
ried out by service dogs. To interact with the Georgia Tech
service robot, a person with disabilities points a laser at an
object and gives a verbal command to the robot; an exam-
ple is a command to open a drawer or to close a door [9].
In both examples the robots were tested as laboratory proto-
types for further research and development. Tapus, Mataric,
and Scassellati suggest that establishing robot competitions
directed to challenging problems of assistive robotics can
have a stimulating effect on research and accelerate its prac-
tical implementation in the field [10]. Sharing this view, we
established the assistive robotics competition RoboWaiter in
order to inspire students and young researchers in the sub-
ject and involve them in socially responsible education.

2 Genesis of an Assistive Robotics Competition
The inspiration for an assistive robotics competition came

from the Connecticut Council on Developmental Disabili-
ties (CTCDD), a leading support and advocacy organization
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that promotes the “full inclusion of people with disabilities
in community life” [11]. In 2006 the CTCDD proposed that
an assistive robot competition be linked to the Trinity Col-
lege Firefighting Home Robot Contest (TCFFHRC), an in-
ternational event held in Hartford, CT since 1994 [12, 13].
Planning and consultation among CTCDD and Trinity staff
resulted in a new competition “Find the Child” that took
place as part of the 2007 and 2008 firefighting contests. In
“Find the Child”, autonomous robots searched for a warm
doll representing an autistic child hiding from a perceived
threat. The search for a more challenging, realistic, and
unique task led to the establishment of RoboWaiter in 2009.
The RoboWaiter competition that emerged from the plan-
ning process was consistent with our continuing effort to
upgrade and enhance the TCFFHRC and use it as a labo-
ratory of experiential engineering education [14, 15].

Many robotics competitions, including the firefighting
contest, originated from posing innovative robotics assign-
ments. RoboWaiter poses an innovative assignment, which
we describe later in the paper, but it also engages persons
with disabilities, the contest clients, in choosing the theme,
developing the rules, and participating in the event. In retro-
spect, we discerned several significant steps, described be-
low, that took place during the development of this unique
assistive robotics competition.

2.1 Opening the Communication Channel

As mentioned above, the impetus to establish a contest with
an assistive robotics theme stemmed from communication
with CTCDD members. From this communication, it was
clear that people with disabilities are strongly interested in
robots and that they recognized the real need for robotic de-
vices that aid those with disabilities. We note that a member
of the CTCDD who had attended the firefighting robot con-
test initiated communication.

2.2 Clarifying Mutual Expectations

Useful feedback from “Find the Child” participants, CTCDD
members, and supporters was collected by means of ques-
tionnaires and interviews conducted by the second author.
The data suggested the need to revise the event to focus on
a more relevant and challenging assistive robotics theme.
Also, persons with disabilities expressed the desire that the
new assistive robotics assignment should more closely ad-
dress an important need. The feedback also indicated that
all surveyed persons expressed interest in extending their
knowledge of assistive robotics.

2.3 Establishing a Vision

After the 2008 contest, a planning group, consisting of three
members of the CTCDD and the lead author, met to create
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a new vision for the assistive event and to explore themes
having greater significance and challenge than “Find the
Child”. After extended discussions, the group chose a theme
that represented an area of personal concern to CTCDD
members—the need for a person with disabilities to retrieve
food from a refrigerator during an emergency, when a per-
sonal assistant is not present. The authors felt that this theme
would present a strong robotics challenge requiring the de-
sign and integration of mechanical, electrical, and sensing
sub-systems. The vision that emerged from the planning
process consisted of two main elements:

e Bringing people with disabilities in as clients of Robo-
Waiter design. We share the proposition [16] that these
people can and should be involved, as critical consumers,
in design, evaluation, and research of assistive technolo-
gies. Following recommendations of [16], we created a
focus group in which people from the CTCDD could
identify and describe the nature of the mobility-related
problems that they encounter. The focus group put for-
ward ideas for possible robotic solutions of the problems
and their experimental design in the framework of the
contest.

e [ntegrating the RoboWaiter project in a robotics course.
Since 2009, the study of user-centered design [17] with
orientation to special needs of people with disabilities has
been integrated in ENGR 120 (Introduction to Engineer-
ing Design—Mobile Robots), a first-year course at Trin-
ity College. In the spring of 2009 and 2010, a total of six
ENGR 120 student teams, each with three students, de-
veloped robots for the RoboWaiter contest. In the spring
of 2011, all eight teams in the course designed fetch-and-
carry robots and participated in RoboWaiter. The inclu-
sion of RoboWaiter as a design theme in ENGR 120 pro-
vided opportunities to discuss the role of engineers in
improving lives of persons with disabilities and to dis-
cuss associated questions in Biomedical Engineering, En-
gineering Ethics, and Engineering Science.

2.4 Developing a Framework

The TCFFHRC and the RoboWaiter contests emerged from
the planning process as compatible, mutually supportive,
and strongly coupled events. They share many goals—to
stimulate creativity and to encourage students of all ages to
engage in projects that have societal benefits, for example—
and both encourage development of new technologies. Both
take place in scale-model arenas outfitted to the contest
theme, and both require participants to solve engineering
design problems spanning several disciplines. The scoring
equations for both events emphasize reliability over speed.
Persons who enter either competition have the opportu-
nity to participate in other events on the contest week-
end including a theoretical test, a robotics symposium, and

a poster session. Finally, the RoboWaiter and fire-fighting
contests present engineering challenges related to integrat-
ing such diverse design elements as algorithm development,
programming, gripper design, sensing and obstacle avoid-
ance, and motor control. It was clear that the TCFFHRC
would provide an adequate framework within which the new
RoboWaiter competition could be integrated.

2.5 Pilot Implementations

Three pilot RoboWaiter contests were conducted (2009,
2010, and 2011). Nine teams entered the 2009 contest.
A team of first-year engineering students from Grand Valley
State University, Michigan, developed the winning robot,
which completed the RoboWaiter task on all of its three
runs. A professional engineer from Florida built the 2009
second place robot, and a high school student from Ort Gi-
vat Ram High School in Jerusalem developed the third place
robot. These promising successes, and the diversity and en-
thusiasm of the participants, encouraged further develop-
ment of the contest. In 2010, the second pilot year, the con-
test was conducted in two divisions. The Standard Division
from 2009 was retained and an Advanced Division event
was added. Other changes included simplifying the standard
division challenge to encourage participation.

The Advanced Division assignment required robots to in-
teract with a refrigerator and to retrieve plates of food from
a lower shelf or an upper shelf. This upgrade added elemen-
tary “smart home” features to the contest, lending greater
realism and challenge. In 2010 eleven robots competed in
the Standard Division and three competed in the Advanced
Division. Robots represented teams from the U.S., Canada,
Israel, and China. Four robots in the Standard Division re-
ceived honorable mention prizes but none fully completed
the RoboWaiter task. In 2011, the third year, the number of
teams rose to 25 including 16 in the Standard Division and
nine in the Advanced Division with representation from the
U.S., Canada, Israel, China, and Indonesia. Robots in both
divisions completed the RoboWaiter tasks.

3 The RoboWaiter Challenge

Recent research in service robotics considers the increased
use of robots to carry out routine home tasks, such as
cleaning, organizing, and delivery, as a grand challenge for
robot manipulation in human environments [18]. Challeng-
ing characteristics of robot operation in human environ-
ments include the following: presence of autonomous actors
(people, pets, and robots), variability, combining manipula-
tion and mobility, and use of specialized tools. These charac-
teristics appear in varying degrees in the RoboWaiter contest
task, as described below.

@ Springer



130

Int J Soc Robot (2013) 5:127-138

Fig.1 RoboWaiter arena

The task simulates a domestic situation where Grandpa,
a person with a disability, instructs an autonomous assistive
robot to pick up and transport a plate of food from a refrig-
erator to a kitchen table where he is sitting in a wheelchair.
A second person with mobility impairment, Grandma, is
present during robot operation. The scaled kitchen measures
2.5 x 2.5 m?, and it includes the refrigerator, a table, a sink,
and a chair.

When directed by a signal from the judge, the RoboWaiter
robot should move from its home position to the refrigera-
tor, pick up the plate, move to the table where Grandpa sits,
place the plate on the tabletop, and return to the initial posi-
tion [12]. This action must be fully autonomous. The judge
examines the robot operation and measures the time from
the start signal until the plate is placed on the tabletop. Fig-
ure 1 captures the moment when the judge starts the robot
from the initial position (upper left corner of arena). People
in the photo are robot team members, people with disabili-
ties, caregivers, and spectators.

Below we present further details of the RoboWaiter Stan-
dard Division and Advanced Division tasks.

3.1 RoboWaiter Standard Division

In the Standard Division all the objects are placed in the
arena in known positions except for the chair, whose po-
sition is constrained in one direction only. A 30 cm white
circle marks the robot’s home position. Robots must avoid
collisions with the sink, the chair, and the doll that represents
Grandma. In this division a single shelf 21-23 cm above the
floor represents the refrigerator, and the plate is a plastic pet
food can top approximately 10 cm in diameter. A shelf bea-
con, consisting of three bright red LEDs spaced 2 cm apart
on the edge of the shelf, guides the robot to the plate. The
center of the plate is aligned with the center LED. In addi-
tion, there is a bright red LED centered on each of the ex-
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Fig. 2 Advanced Division RoboWaiter robot finding the plate

posed table edges. These LEDs serve as beacons that guide
robots to their destination.

Scoring bonuses are given for implementation of the op-
tional operating modes: Return Trip Mode, Food Mode, and
Arbitrary Start Position Mode. A robot succeeds in the Re-
turn Trip Mode if it delivers the plate to the table and returns
to the starting position. For this success the robot’s measured
run time is reduced using a multiplier of 0.8. In the Food
Mode, the robot must carry breakfast cereal in the plate; for
this mode the run time is also adjusted by 0.8. A multiplier of
0.85 is associated with Arbitrary Start Mode. In that mode,
the arena judge chooses a starting position other than the
standard start position. Each robot has three trials, and the
time limit for each trial is four minutes. Robots that succeed
on all three trials are placed in the highest finishing category,
and the winner is the robot with the lowest run time within
that group. If no robot completes three trials, robots with two
successful trials are considered, and so forth. The Standard
Division rules require the robot to fit into a cube measur-
ing 30 cm on a side, and the robot must complete its task
within four minutes. Touching the Grandma doll or moving
Grandpa’s wheelchair on any trial will disqualify the robot
for that trial.

3.2 RoboWaiter Advanced Division

The Advanced Division arena is identical in size and gen-
eral layout to the Standard Division arena except that the
positions of the doll and the chair may be changed from run
to run. Also, the Advanced Division uses a scale model “in-
telligent” refrigerator. The refrigerator has a lower shelf and
an upper shelf, each fitted with a three-LED shelf beacon as
described above (Fig. 2).

The refrigerator has a computer-controlled door opener
that is actuated when a proximity sensor, embedded in the
floor 65 cm from the center of the door, detects the presence
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of the robot. An infrared beacon centered on the refrigerator
door guides the robot to the sensor. This beacon emits ap-
proximately 300 mW at 880 nm and is modulated at 8 kHz.
When equipped with a well-designed receiver, a robot will
be able to detect this beacon as far away as 2 m. In addi-
tion to the proximity sensor, the floor sensor includes three
bright white LEDs, which the robot can use to verify its po-
sition.

Advanced Division robots begin their task when the
judge issues an audio start signal. A 3.5 kHz signal indicates
that the plate is on the bottom shelf, and a 7.5 kHz signal in-
dicates that the plate is on the top shelf. After interpreting
this start signal, the robot must navigate to the floor sensor,
guided by the beacon and embedded floor LEDs. When the
floor sensor detects the presence of the robot, the door opens
automatically within five seconds, exposing the two shelves.
The robot must pick up the correct plate and navigate back
over the sensor to close the door. To finish the autonomous
service task, the robot goes to the table, places the plate on
it, and returns to the home position.

3.3 Arena Design Considerations

One of the main challenges of organizing the RoboWaiter
is design of the contest arena for presentation of robot per-
formances. The factors affecting design of the arena are dis-
cussed below.

e Consistency with arenas used in the fire-fighting robot
contest. This factor emerges because RoboWaiter and
Fire-Fighting Robot contests are held in parallel in the
Trinity College Gymnasium. In this situation, select-
ing the RoboWaiter arena of the same size as the Fire-
Fighting arena simplifies distribution of arenas in the
Gymnasium, eases their assembly and disassembly, and
makes it possible for the contests to share parts of are-
nas.

e Convenience of access and observation. From experience
with the Fire-Fighting contest, the 2.5 x 2.5 m? size was
chosen. The arena’s size and shape facilitate easy access
for team members and judges and convenient observa-
tion for spectators. Persons with disabilities, when sit-
ting at the edge of the arena close to the performance
space, can experience a sense of intimacy and involve-
ment.

e Realistic presentation of the assistive robot operation.
The RoboWaiter arena is a complex environment, which
realistically represents a typical home kitchen in the
presence of two persons. The arena contains a min-
imal but representative set of kitchen fixtures (a re-
frigerator, a kitchen table, and a sink) and a furni-
ture piece (chair), scaled with respect to their typical
sizes in real kitchens. This realistic environment sup-
ports situated learning [19]. It forms the social con-
text, which can enrich learning through the practice of

design, building, and operating robots. Another posi-
tive effect of creating the realistic environment is that
it helps to attract public to watch the RoboWaiter con-
test by transforming robot performances into a theatrical
show.

e Moderated uncertainty of the environment. The use of
a completely structured environment with constant pre-
defined locations of objects enables simplified oper-
ation of a robot and thus may reduce the challenge
and realism of the robot task. To avoid this effect, in
the contest arena design space has been provided for
variability: some dimensions are given approximately,
and positions of the Grandma doll and some of the
items are not predefined and can change from run to
run.

e Consideration of the ethical aspects of human-robot in-
teraction. The environment should take human factors
into account. As follows from research on the sub-
ject [20], approaching a patient by an assistive robot
should be properly organized. In particular, the major-
ity of male patients participating in that research pre-
ferred the right robot approach direction. Based on
this observation, the RoboWaiter environment is orga-
nized so that the robot, while delivering food, will ap-
proach the doll representing Grandpa in the wheelchair
from the right direction. One more relevant issue is
human safety, which is especially important in assis-
tive robotics. Importance of this issue is emphasized
in the RoboWaiter contest rules so that the run is im-
mediately disqualified if the robot touches any doll or
1tem.

4 Design Challenges Posed by RoboWaiter

The development of a RoboWaiter robot is a challenging in-
terdisciplinary task involving sensing, interfacing, mechan-
ics, and programming. Since the robot must succeed on all
three runs, reliability is a primary design goal. Table 1 be-
low presents the main RoboWaiter sub-systems and associ-
ated design requirements and possible solutions. Each of the
sub-systems presents a significant design challenge that re-
quires research, detailed development, and careful testing.
A brief discussion of each sub-system follows.

4.1 Robot Base

The design requirements in Table 1 emphasize the main
goal, that the robot base must provide reliable, controllable
motion of the robot throughout the RoboWaiter arena. In
the 2009-2011 RoboWaiter events, teams used a variety of
commercial and non-commercial robot bases (the rules al-
low both kit and unique designs).
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Table 1 Design goals, requirements, and solutions implemented in the projects

Sub-systems

Solutions/Devices

Robot Base. Goal: Provide reliable locomotion. Requirements:
Programmable, controllable, fast, capable of limited dead reckoning &
well controlled turns

Sensor System. Goal: Enable navigation, object & plate detection.

Requirements: Detect arena features (walls, obstacles), visible beacons on

shelf & table, start signal. Advanced Division: Also identify audio start
frequency (3.5 kHz or 7.5 kHz), detect door & floor beacons.

Robot Arm and Gripper. Goal: Grab, hold, and carry plate. Requirements:

Deployable, retractable, robust; accommodate dimensional tolerances
(e.g., 21-23 cm shelf height), grip plate (handle more than one plate
geometry), good tactile properties. Advanced Division: 3D
motion—handle plates on lower and upper shelves.

Software. Goal: Provide means to verify, integrate, and tune all
sub-systems. Requirements: Test and debug motor drives, sensors,
arm/gripper. Enable test of robot behaviors-navigation, plate detection,
obstacle avoidance, plate conveyance, return to home.

Commercial base (iRobot), NXT, or custom-designed base.
Sensor-based control of d.c. or stepper motors.

Ranging sensors for navigation and obstacle detection (IR,
LIDAR), IR and visible light detectors (photo-transistor, camera),
microphone, tone decoders.

Study and model 3-D motions (CAD modeling, animation);
integrate sensing devices in gripper; design end-effector; choose
materials that provide good tactile properties.

Choose programming environment (LabView, HandyBoard,
Interactive C, Lego NXT, or Linux-based microprocessor).
Develop test protocols.

The commercial bases included the iRobot Create and the
Lego NXT. Several teams used Lego components to con-
struct a programmable base while other teams created their
own bases using d.c. motors and metal or plastic assem-
blies. A reliable base is the starting point for a successful
RoboWaiter robot, and great care must be taken to under-
stand and fully test the base.

4.2 Sensors

The RoboWaiter rules impose many requirements on the
robot’s sensing system. The robot must be able to mea-
sure its position relative to arena walls and other obstacles.
Low-cost IR ranging sensors (e.g. the Sharp Electronics type
GP2Y0A21YK [21]) have worked well in this application.
The robot must also be able to detect and decode audio start
signals—3.5 kHz in the Standard Division and 3.5 kHz and
7.5 kHz in the Advanced Division. Robots must also detect
red light emitted by LEDs on the refrigerator shelves and the
table. The proper operation of the robot relies on these sen-
sors, and seeking improved sensors requires continual effort.

4.3 Arm and Gripper

Development of a controllable mechanism able to grip, hold
and convey the plate is perhaps the most challenging task for
the RoboWaiter designers. An arm design used by a success-
ful team in 2009 employed a slot that mated with the edge
of the RoboWaiter plate. This arm worked well for this spe-
cific plate. Another second successful design in 2009 used a
clamping device that, when opened, could be lowered onto
the table from above, enclosing the plate. The gripper then
closed onto the plate and securely held it. Several teams in
the 2010 RoboWaiter contest used Lego-based grippers; an
example is shown in Fig. 3.
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Fig. 3 Lego-based gripper shown holding the plate

This gripper arm was actuated by a servo that drove two
gears to achieve opening and closing action. A second servo
allowed the whole arm assembly to be rotated by 180 de-
grees, allowing the arm assembly to be folded back over the
robot during navigation maneuvers. The plate rested on thick
rubber bands strong enough to hold the plate. This device
successfully grabbed the plate in the 2010 Standard Divi-
sion event.

Optimal design of a gripper for the RoboWaiter Standard
Division is an open problem that gives students opportuni-
ties to analyze forces and moments, choose appropriate ma-
terials, and apply modern design tools including 3D CAD
modeling and animation packages. Gripper design for the
Advanced Division is more complex, but successful designs
were demonstrated in the 2011 contest. For example, the Ad-
vanced Division robot “DU99 RWE”, developed by a team
from UNIKOM, the Indonesian Computer University, made
two successful runs and secured the plate from both upper



Int J Soc Robot (2013) 5:127-138

133

and lower shelves using its arm, gripper, and lift mecha-
nisms.

5 Involvement of People with Disabilities in the
RoboWaiter Competition

Traditional participants of robot contests are contestants—
students, hobbyists, and engineers—who design, demon-
strate, and compete with their robots. In case of the Robo-
Waiter an additional category of participants is included—
people connected to the Connecticut Council of Develop-
mental Disabilities (CTCDD). For these participants the
RoboWaiter contest opens an opportunity of active social in-
teraction in a public event where they can learn about mod-
ern assistive technology and personally engage in discus-
sions with engineers on developing new assistive robots to
answer their needs.

Persons with sensory and motor impairments represent
a serious challenge for education and care programs. Their
limited range of movements and minimal interaction with
the environment can prevent the acquisition of adaptive
skills and put these persons at increased risk of a poor qual-
ity of life. Recently, considerable emphasis has been placed
on finding ways of counteracting the aforementioned risks.
Researchers have begun to develop intervention programs
that involve the presentation of favorite stimuli across vari-
ous periods of the day in an attempt to increase indices of
happiness among persons in this group [22].

The evolution and organization of RoboWaiter were in
large part directed by persons with disabilities, who, as a
result, have a high investment and sense of ownership and
pride in the contest. The lead author, who is also the contest
director, meets, on average, four times each year with three
members of the sponsoring organization, the Connecticut
Council on Developmental Disabilities. This group serves
as the executive planning committee for RoboWaiter. Com-
mittee meetings serve to evaluate past RoboWaiter compe-
titions and to plan the next contest. The evaluation activity
including discussion of contest surveys, facilities, and acces-
sibility issues, provides the basis for planning for the next
event. Meetings also consider funding issues, and they serve
as forums in which Council members discuss and make
choices about such important contest-related questions as
theme development, rules formulation, funding, public re-
lations, participation, judging, and awards. The executive
planning committee also chooses a keynote speaker, a lead-
ing expert in the field of assistive or rehabilitative robotics,
who delivers a public lecture on the day of the competition.
In addition to these planning responsibilities, members of
the executive committee encourage attendance by persons
with disabilities, recruit judges for the event, and oversee
the scoring process on the day of the event.

6 Contest Surveys and Interviews

Looking back on what went well and what needs improv-
ing in the robot contest is critical for its further development
[13, 23]. In this section we present results of surveys and
interviews carried out at the 2009-2011 RoboWaiter con-
tests. Reflections were collected by means of questionnaires
and interviews during and after the contests from two cat-
egories of people involved in RoboWaiter: contestants, and
individuals with disabilities. Because of communication dif-
ficulties experienced by people of the second category, the
questionnaires and interviews were conducted with assis-
tance of their caregivers. We note that the number of survey
respondents is small because of the limited size of the pilot
contests, but we believe that meaningful trends are indicated
and worth presenting to the reader.

6.1 Reflections of Contestants, 2009—2010

We posed the same set of questions to contestants in the
2009 and 2010 RoboWaiter surveys. The central question
focused on personal reasons for participation. A list of pos-
sible reasons was given and respondents were asked to
quantitatively evaluate the importance of each on the scale
from 1—not important to 5—very important. The reasons
and mean grades of the evaluations given by 18 respondents
were: engineering challenge (4.54), curiosity (3.99), hu-
mane challenge (3.93), interest in assistive robotics (3.57),
interest to major in the subject (3.53), job/scholarship op-
portunities (3.40), and social challenge (3.31). These re-
sults suggest that the main reasons for participation in
RoboWaiter were engineering challenge, curiosity in the as-
sistive robotics contest, and humane challenge. The other
reasons were somewhat less important but still relevant. The
relatively low evaluation of social challenge suggests a need
to enhance interactions among planners, supporters, and par-
ticipants.

In 2010 we administered a survey to students who partic-
ipated in the Trinity College Fire-Fighting and RoboWaiter
contests. In its central question the students were asked to
estimate their progress in a list of subjects, abilities and mo-
tivation factors due to robotics studies and participation in
the robot contest project. They estimated their progress by
selecting one of the four grades: considerable, significant,
little, or none. Eighty-four students answered the survey;
among them 74 participated in the fire-fighting contest and
10 in the RoboWaiter contest. We calculated the percentage
that rated their progress as either considerable or significant
on the Fire-Fighting contest survey and on the RoboWaiter
survey and compare the results in Table 2.

From Table 2 we see that evaluations of learning progress
for the two contests in many subjects and abilities were high
and comparable. Indicated trends were: (1) evaluations of
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Table 2 Progress in subjects, abilities, and motivation (%)

Subjects Student progress Abilities and motivation Student Progress
Fire-fighting RoboWaiter Fire-fighting RoboWaiter

Electronics 75.7 70.0 Identify, solve problems 87.7 70.0
Mechanics 56.8 90.0 Design & conduct experiments 74.0 60.0
Microprocessors 71.2 40.0 Work with others 86.3 80.0
Sensors, measurement 82.2 80.0 Take initiative 83.6 60.0
Control 75.3 80.0 Make decisions 78.1 50.0
Systems design 81.7 60.0 Set priorities 79.5 50.0
Robot programming 68.5 80.0 Understand user needs 58.3 50.0
Robot navigation 78.1 80.0 Understand social responsibility of engineers  63.0 60.0
Robot manipulation 65.8 70.0 Participate in future robot projects 87.8 80.0
Robot interaction with environment  63.0 70.0

RoboWaiter were higher in mechanics, likely because of
the need to design the claw and gripper mechanisms, and
(2) responses for the firefighting contest were stronger in
the “take initiative”, “make decisions”, and “set priorities”
areas. Lower evaluations in these latter three areas and in mi-
croprocessors and system design may indicate the need bet-
ter to address these areas in RoboWaiter projects. Still, the
comparable, and even higher, evaluations of the RoboWaiter
contest, compared to the well-established Fire-Fighting con-
test, point to its good potential for facilitating learning.

Along with members of the CTCDD the authors pre-
sented an invited workshop, “RoboWaiter: The Assistive
Mobile Robot Competition” at the 2009 Annual Conference
of the National Association of Councils on Developmental
Disabilities (NACDD), Albuquerque, NM [23]. The work-
shop gave us incentive to more deeply analyze perceptions
and attitudes of RoboWaiter contest attendees. For this pur-
pose, prior to the workshop and four months after the com-
petition, we conducted a series of written interviews with a
number of contestants and supporters. We find the responses
very instructive, and we present and analyze a sample of
comments below.

From the response by a professional engineer:

I had not given assistive robotics much thought before
the competition. As an engineer, I tend to get focused
on a task and forget about people. The project gave me
lots of new ideas. I think it was a very effective way
to get people thinking about what robotic technology
can do for people with disabilities.

Socially responsible education is very important. Stu-
dents have to get out in the real world. For an assistive
robotics project, I think it would be very valuable for
students to interact with people who have disabilities
and get their feedback.

The respondent recognized the importance of socially re-
sponsible education and noted that RoboWaiter has suc-
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ceeded in raising awareness, promoting creative thinking in
a new realm.

From the response by a university student from Connecti-
cut:

In RoboWaiter learning robotics and programming, as
well as social, moral, and humane issues take place.
These experiences help students realize what their ed-
ucation is leading up to, and how they can end up
changing the lives of so many people.

It was great to have participation of people with dis-
abilities. There is no downside to them being there and
seeing how robots could potentially help. Their partic-
ipation can also help in coming up with new ideas, as
they converse with the builders.

The respondent noted that in RoboWaiter she learned
robotics fundamentals together with societal issues. The stu-
dent appreciated participation of people with disabilities in
the contest.

From the response by a high school student from Israel:

RoboWaiter made me more conscious of the main pur-
pose of building a robot—to help people. I saw people
with disabilities enjoying the contest and was happy
that we made them to have a smile on their face when
they saw the robot work. This was more important
than the result score.

More people should come to compete and more peo-
ple with disabilities should come to view the compe-
tition because it make them happy when they see the
robots and people who try to help them with technical
equipment and give them hope.

The respondent recognized humanistic orientation of Robo-
Waiter and the potential of assistive robotics.

The RoboWaiter survey was conducted also in 2011.
Nine students filled the survey form. All of them noted that
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participation in the contest motivated or even strongly mo-
tivated their interest in assistive technology, robotics, and in
developing robots that can provide real assistance. The con-
test inspired them to think about a person with disability as
a customer of assistive robotics who can help designers to
make more realistic robots. The survey included open ques-
tions, presented below together with a sample of responses:

Question 1: How do you envision the needs of the disabled
community with respect to assistive technology?

— We have to develop our technology so it will be able
to help and improve the quality of their life.
(High school student)
— Personal independence plus control of their world
plus more time to do satisfying things.
(Professor)
— To feed people who can’t do it themselves and en-
courage that, with the robot, they can!
(University student)

Question 2: What did you learn through your experience
with the RoboWaiter competition?

— What it is to program very hard programs in minimal
time.

(University student)
— Yes, better still at designing robots.

(University student)
— Reliability matters! Simple controls are needed.
Override ability is necessary. “STOP” is important.

(Professor)

Question 3: What did you like about the RoboWaiter com-
petition? What did you not like?

— Good level of competition. Slight concern about how
much professional help foreign students get.
(Professor)
— It was fun. Not enough practice on arenas.
(University student)
— I liked the atmosphere and the team spirit. It was an
amazing experience to come here.
(High school student)

The answers above indicate that the respondents considered
their participation in the contest as a motivating, instructive,
and joyful experience. Also they provided constructive feed-
back about possible improvements to the contest event.

6.2 Reflections of People with Disabilities and Caregivers

Written interviews prior to the conference workshop were
conducted also with CTCDD members who attended the
RoboWaiter in wheelchairs. We present below comments of
one of these persons, as we believe that they are worth the
reader’s attention:

— I would like to learn more about how robots can as-
sist people with disabilities in various places such as
in homes, cars, employment, etc.

— I feel RoboWaiter is more of education and an awak-
ening to the participants that robots could be essential
to people with disabilities of any age...more teams
should have the opportunity to come to the competi-
tions because RoboWaiter is a wonderful experience.

— I have watched the robotic contests at Trinity Col-
lege. I’ve enjoyed them. They are exciting! I think the
RoboWaiter gives a realistic demonstration of a ser-
vice that a robot could provide to someone with a dis-
ability.

— The RoboWaiter competition teaches students that,
through technology, they can help people with disabil-
ities in their own homes. Engineering students come
to understand that with increasingly sophisticated de-
vices being developed and produced, persons with dis-
abilities will enjoy happier, more productive lives.

These comments and responses from other people indicate
eagerness of persons with disabilities to learn more about
assistive robots, to support RoboWaiter, and to promote un-
derstanding among engineering students about needs for as-
sistive technology. It is clear that RoboWaiter is an excit-
ing event for these persons. The reasons for supporting the
RoboWaiter, pointed out by the CTCDD people were: wish
to attract attention to needs of users of assistive technol-
ogy, increase awareness among potential users, introduce
students to the subject, inspire dialogue between users and
developers of AT and foster its development.

6.3 NACDD Conference Workshop

At this 2009 workshop we presented and promoted the
RoboWaiter assistive robotics competition before members
of National Councils of Developmental Disabilities. Creat-
ing effective dialogue with the audience during the session
was difficult but crucial for achieving the goal. We solved
this challenging communication problem by using Personal
Response Systems (PRS) or clickers. For attendees of our
talk this was absolutely new technology, but they found it
simple and convenient. For us, the use of PRS gave an op-
portunity to operatively collect data on perceptions and at-
titudes of the target group. Some of the data are presented
below.

Among eighteen session attendees there were council of-
ficers, people with disabilities, and researchers. At the end
of the session we asked the attendees to what extent they
agreed with a number of statements, using a scale from
strongly disagree to strongly agree. The statements and per-
centage of people who agree or strongly agree with them are
as follows:
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1. In the near future robots will be in wide use in helping
people with disabilities (88.3%).

2. People need basic knowledge in robotics in order to use
home robots properly (41.1%).

3. Engineering education should foster students’ awareness
of the needs of people with disabilities (82.3%).

4. Educational programs in universities and schools should
include practice directed to help people (100%).

5. People with disabilities can benefit from active participa-
tion in assistive robotics programs (100%).

6. Collaboration between Councils of Developmental Dis-
abilities and universities, offering assistive robotics edu-
cation, is recommended (100%).

Because the topic of assistive robotics was new for many at-
tendees, it was difficult for us to hypothesize their reactions.
We were surprised to find that in many respects the attendees
shared our opinions. All the attendees believed that educa-
tional programs in universities and schools should include
practice directed to help people, people with disabilities can
benefit from active participation in assistive robotics events,
and collaboration between Councils of Developmental Dis-
abilities and universities in the area of assistive robotics ed-
ucation can be recommended. Also, the majority of the at-
tendees agreed that in the near future assistive robots will
be in wide use and that engineering education should foster
students’ awareness of the needs of people with disabilities.
Responses to the statement that “people need basic knowl-
edge in robotics in order to use home robots properly” were
varied. While some of the attendees agreed with the state-
ment, others felt that assistive technology should be devel-
oped so that unskilled users can manage it.

6.4 Reflections of Contestants, 2011

As part of the RoboWaiter 2011 survey we asked several at-
tendees of the competition to fill a supporter’s survey form.
Eight people participated, among them three persons with
disabilities, three caregivers, and two assistive technology
specialists. The questions of the supporter’s survey were
similar to that of the above-discussed contestant’s survey,
but were posed from the observer’s perspective. All respon-
dents of the supporter’s survey pointed that the RoboWaiter
motivated or strongly motivated their interest in assistive
technology and robotics, interest in sharing their needs with
designers and in helping them to develop more realistic
robots. Below we quote some of the responses to the open
questions from the survey.

To the first question, on the need for assistive technology,
persons with disabilities answered:

— It is greatly needed.
—Robots may in the future be part of making life better
for persons with disabilities to be more independent.
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— As the population continues to age, the disabled
community will continue to increase as will require-
ments for assistive technology.

An AT specialist pointed the needs which, for her opinion,
are most relevant:

— Flexibility issues with their legs, back, body. Assis-
tance with stairs. Assistance with entering a vehicle
and putting away a wheelchair.

To the second question about the most vivid impression from
the contest, respondents noted that

— The enthusiasm demonstrated by the competitors ex-
presses hope for continued development (person with
disabilities).

— For most teams it was difficult to accomplish the
contest assignment (AT specialist).

— There is still much room for improvement in this
field, but students have showed a desire to help people
with disabilities and our students are our future (care-
giver).

To the third question, all respondents expressed interest to
be involved in the next contest:

— I will continue to support the events to promote in-
clusion in community life for persons with disabilities
(person with disabilities).

— I would like to get updates in any new developments
(AT specialist).

The last question asked supporters what they liked or did not
like about the contest. Here are some of the answers:

— Spirit of camaraderie among students (caregiver).

— Very creative and innovating. Great youth participa-
tion (AT specialist).

— That so many students from different countries have
learned of the importance of improving lives of those
with disabilities (caregiver).

In summary, the surveys and interviews conducted at the
2009-2011 contests point to appreciation of the RoboWaiter
by contestants and persons with disabilities, and they sug-
gest that RoboWaiter has raised awareness of robotics
among those persons and awareness of assistive robotics
among engineers.

7 Conclusion

This paper presented a new robot competition, RoboWaiter,
which encourages development of service robots to aid per-
sons with mobility impairment. The competition is unique
because it engages real people with disabilities in its plan-
ning and execution. As a retrospective exercise we found
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that five main steps were needed to manage the relationship
between two organizations while creating an accessible and
realistic contest: opening the communication channel, clari-
fying mutual expectations, establishing a vision, developing
a framework, and implementing pilot contests. This model
may be useful to other organizations seeking to develop sim-
ilar client-driven events.

We characterize RoboWaiter as a system that has three in-
terdependent and inseparable components: educational, so-
cial, and engineering. The educational component focuses
on raising awareness of assistive robotics, exposing students
to assistive robotics and associated design problems, and
promoting creative thinking practices. The social compo-
nent includes participation by persons with disabilities as
planners, volunteers and judges, and engagement of these
persons with contestants and supporters at the contest event.
The engineering component is driven by the robot design
problems defined by interpreting the RoboWaiter rules. The
resulting engineering challenges are inherently multidisci-
plinary, requiring design of mechanical, sensing, electronic,
and control elements. All aspects of the design present prob-
lems related to sensing and control which, solved, may al-
low the robot to complete the RoboWaiter assignment au-
tonomously and reliably in the shortest time.

We recognize the importance of future surveys that pro-
vide continuing feedback about contest outcomes. As the
contest grows we will have the opportunity to survey larger
samples and to test our pilot survey results, which were
gleaned from surveys of participants and supporters at the
2009, 2010, and 2011 contests. From those surveys our find-
ings were that the contest presented challenging problems
in robot design and encouraged engineers and students to
think creatively in an applied area of assistive robotics that
was new to them. RoboWaiter helped some of the partici-
pants to recognize the social challenge of assistive robotics
and to learn that engineering work can have importance be-
yond pure technical achievement. Reflections of the partic-
ipants showed that RoboWaiter presented a significant en-
gineering challenge and that designers were eager to take
on the new work and to test their robots in the competi-
tion. Curiosity was also an important motivator, but equally
so was the humane challenge. Such factors as social chal-
lenge, interest in assistive robotics, interest in majoring in
the subject, and opportunities for jobs, scholarships, or ad-
vanced studies were also seen as strong motivators in the
pilot studies. Among the sample of supporters surveyed,
primary motivation factors were attracting attention to the
needs of persons with disabilities, creating awareness, intro-
ducing students to the assistive technology subject, and cre-
ating dialogue among users and developers of assistive tech-
nology. Supporters were very interested in robotics, consis-
tent with their active engagement as contest officials and

their continuing involvement in it. RoboWaiter offered so-
cial benefits to persons with disabilities including the oppor-
tunity to interact with contestants and spectators, engage-
ment through serving as contest designers and judges, and
empowerment through a yearlong planning process. Such
close involvement in RoboWaiter opened to persons with
disabilities many opportunities for joyful experiences, from
participating in contest planning to cheering for the teams.

While immersing the participants in a challenging activ-
ity, the contest has involved real persons with disabilities in
developing an international robotics competition and in par-
ticipating in it. Feedback from these individuals indicated
that robot competitions could play an important social role
in drawing public attention to the need for new technolo-
gies, inspiring technological development, and fostering en-
gineering education.

We believe that RoboWaiter has made good progress, and
we look forward to a bright future for the contest. Our plan
is to enhance social impact of the contest by encouraging
wider participation of university students and school pupils,
focusing project assignments on creating more socially com-
patible RoboWaiter robots, and directing the contest assign-
ment so that it addresses emerging problems of assistive
robotics.
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