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Abstract
Although Human Factors knowledge of human behavior and limitations is increasing all the
time, this information in relation to children is hardly explored in existing Human Factors
literature. In this thesis, the process of designing an interactive kinetic sculpture for children is
described. Final design ideas are explained as well as the reasons for choosing these final
designs from other possible design options. Five stations requiring the child to use auditory,
visual, and tactile senses to complete tasks were designed, built and then tested on fourth graders.
From the results of this usability test, recommendations for improvement of the interfaces were
made. This project was completed through the Robotics Academy at Tufts University and
involved the collaboration of Human Factors with Mechanical Engineering, Electrical
Engineering, Computer Science, and Child Development.

2

Hamada
Acknowledgements
The members of Team Kinetic, Jason Adrian (EE), Michael Kelly (ME), Jarred Sakakeeny
(ME), Sandra Tang (CD), and Marc Weintraub (EE), were indispensable in accomplishing the
goals of this project. They were always eager to help whether it was assembling stations for the
interfaces, toiling over the interface electronics, or simply offering a smile and reassurance that I
could get the job done.
Matthew Dombach played a key role in the Robotics Academy as the graduate student teaching
assistant who led weekly meetings and served as our first point of contact. Matt always made
himself available whenever I needed advice or a nudge in the right direction and his enthusiasm
and support are greatly appreciated.
Professor Caroline Cao served as my primary thesis advisor as well as my major advisor.
Whenever I sought her out, she was always able to help organize my thoughts and open my mind
to new ideas. Her guidance and human factors expertise have been valuable assets throughout
this project and throughout my years at Tufts.
Professor Chris Rogers (Mechanical Engineering) and Professor Marina Bers (Child
Development) served as the other committee members for my thesis and made themselves
available to me as experts in their respective fields if I ever needed advice.
My family has always supported me in everything that I do. I cannot thank them enough for
their continued love and understanding and for always believing in me.
Last, but certainly not least, I would like to thank my friends for their endless compassion and
for always being able to bring a smile to my face, and especially Brandon for holding my hand
through it all. I could not have found a group of people with bigger hearts and I am grateful to
have them as my friends.

3

Hamada
Table of Contents
ABSTRACT…………………………………………………………………………...….. 2
ACKNOWLEDGEMENTS………..…………………………………………………….. 3
TABLE OF CONTENTS…………..…………………………………………………….. 4
INTRODUCTION…………………...…………………………………………………… 5
The Robotics Academy………………………………………………………………………... 5
Overview of the Project……………………………………………………………………….. 6
Why is Human Factors Important?.…………………………………………………………… 8
Designing for the Younger Population……………………………………………………….... 9

METHODS/DESIGN PROCESS…………………..…………………………………….9
Design of the Tasks……………………………………………………………………………. 9
General Interface Features……………………………………………………………………... 12
Task 1: Grip……………………………………………………………………………………. 16
Task 2: Simon………………………………………………………………...……………….. 18
Task 3: Laser…………………………………………………………………………………... 21
Task 4: Distance……………………………………………………………………………….. 24
Task 5: Noise………………………………………………………………………………….. 28

USABILITY TESTING WITH CHILDREN…………………………………………... 30
Results and Discussion for Grip……………….……………………………………………… 31
Results and Discussion for Simon…………………………………………………………….. 32
Results and Discussion for Distance…………………………………………………………... 33

GENERAL DISCUSSION……………………………………………………………......35
Limitations of the Experiment………………………………………………………………… 35
Future Work…………………………………………………………………………………… 37

CONCLUSION…………………………………………………………………...………. 39
REFERENCES……………………………………………………………………..…….. 40
APPENDICES
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.
M.
N.
O.

Sketch of Grip Instruction Panel....……………………………………………………….. 41
Sketch of Simon Instruction Panel…….………………………………………………….. 42
Sketch of Laser Instruction Panel………………..……………………………………….. 43
Sketch of Distance Instruction Panel……….…………………………………………….. 44
Sketch of Noise Instruction Panel..……………………………………………………….. 45
Development of the Grip Idea....………………………………………………………….. 46
Development of the Simon Idea..…………...…………………………………………….. 48
Development of the Laser Idea …………………………………………………………... 49
Development of the Distance Idea..………………………………………………………. 52
Development of the Noise Idea…………………………………………………………… 55
Original Grip Concept Sketches.………………………………………………………….. 57
Original Simon Concept Sketches..……………………………………………………….. 58
Original Laser Concept Sketches…………………………………………………………. 59
Original Distance Concept Sketches..…………………………………………………….. 60
Original Noise Concept Sketches…………………………………………………………. 61

4

Hamada
Introduction
The Robotics Academy
Throughout my study of Engineering Psychology at Tufts, I have read many textbooks
and have been involved with several projects that have challenged me to redesign existing
systems to make them more user-friendly. Although these projects have somewhat tested my
creativity and problem-solving abilities, none have really forced me to tackle a problem from the
very beginning, to devise a completely new solution to a problem. The Robotics Academy has
offered me a new and demanding challenge: to completely design and implement an interface
starting with nothing but my imagination.
The Robotics Academy is a program in its second year at Tufts University. The students
in this program come from several disciplines: Mechanical Engineering (ME), Electrical
Engineering (EE), Computer Science (CS), Engineering Psychology (ENP) / Human Factors
(HF) Engineering, and Child Development (CD). Two teams were formed this year, each with
one or two students from each discipline. Under the guidance of a graduate student who was
previously a student in the Robotics Academy, and with the help of faculty advisors from each
discipline, each Robotics Academy team works on a project decided on in the beginning of the
year by the team members and faculty. This thesis describes my work as a team member of one
of the two projects, Team Kinetic.
The goal of the Robotics Academy is to take learning beyond the classroom to provide
seniors and juniors with real-world experience in product design and fabrication. Students work
together on a multi-disciplinary team to complete a project from start to finish over the course of
an entire school year. The two teams and the graduate student facilitator meet once a week to
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discuss progress and problems, and at least once a semester, the teams present their work to the
faculty advisors.

Overview of the Project
Team Kinetic, consisting of two mechanical engineers, one electrical engineer, one
computer engineer, one engineering psychology major, and one child development major, took
on the task of designing and constructing an interactive kinetic sculpture to be used in an
elementary school classroom. The kinetic sculpture, shown in Figure 1, consists of a ball on a
track that stops at five points along the track. At these points, certain events must take place that
will allow the ball to get through to the next part of the track. The sculpture is a closed-loop
system that connects the end to the beginning so the ball can go through the sculpture repeatedly.
The events include:
-

the upward movement of an elevator,

-

the turning of a turnstile,

-

the lifting of a gate,

-

release of the ball into a funnel, and

-

the activation of an accelerator that
sends the ball through a loop.

In order for the events to be activated, one
task must be completed for each event. As the
Engineering Psychology expert for the project, my
job was to come up with the five tasks and design
the interface that the children must interact with in
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order to complete these tasks. Ultimately, this interactive portion of the sculpture should be
intuitive and usable so that the children are able to complete these tasks and therefore move the
ball through the entire sculpture. The sculpture is targeted at children in grades four through six
(approximately ages nine to twelve) since these will be the age groups participating in an afterschool program. The after-school program teaches the principles of robotics and engineering
demonstrated in the sculpture. However, the design of the sculpture should also allow for use by
children above and below this age group.
Although the focus of this paper is Engineering Psychology, completion of this project
would have been impossible without the other majors. The role of the mechanical engineers was
to design and construct the kinetic sculpture and assist in the building of the interface as needed.
The mechanical engineers decided that they wanted to build the sculpture themselves rather than
buy pre-made parts or give the designs to an outside party to build. As a result, they spent
countless hours doing drawings, ordering supplies, and machining parts in the shop. The
electrical engineers had the incredibly challenging job of designing and building all of the
electronics for both the sculpture and the interface. This meant motors, solenoids, LED’s,
buttons, audio output, and a host of other circuitry. The interface required programming of the
microcontrollers to control the outputs resulting from the children’s actions. The child
development major served as a consultant when designing the sculpture and interface, because
she had the most knowledge about what children would find interesting and what their
capabilities were. She also planned and taught an eight-week after-school workshop for fourth
through sixth graders, during which the children learned about robotics and were able to design
and build their own robots out of Legos.
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Why is Human Factors Important?
Human factors is the study of people’s interaction with systems whose goal is to make
these interactions safer, more productive, more comfortable, and less prone to error through good
equipment design, task design, environmental design, training, and selection (Wickens, Gordon,
& Liu, 1998). Human factors engineers take human limitations and capabilities into account
when designing new things or when analyzing and trying to improve the design of existing
things.
Although human-centered design is an integral part of every object on the market,
Engineering Psychology is a relatively unrecognized field among the engineering disciplines. At
Tufts, Engineering Psychology (ENP), offered through the School of Engineering, and Human
Factors, offered through the School of Liberal Arts, are nearly equivalent majors and the two
titles are used interchangeably for the purposes of this paper. All of the core classes are shared,
with the main difference between the two being the general requirements of Engineering versus
Liberal Arts.
In most college HF courses past the introductory level, enrollment is usually limited to
people who are majoring in that subject due to the requirements of pre-requisite courses. As a
result, groups that form to work on projects are often very narrow in their focus since most, if not
all, of the team members are from the same major or have similar backgrounds. Projects may
also be less involved since ENP majors may not have the training that would allow them to do all
of the electrical and mechanical work necessary to assemble working projects. Often, projects
are carried through the research and design phase and end with only partially functioning
prototypes. A similar problem exists with other engineering majors. Mechanical engineers may
only have basic electrical and programming knowledge, electrical engineers may only have basic
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knowledge of building, and both may pay little attention to the human factors aspect of design,
thereby committing the design error of adding little gadgets and functions that actual users would
be unable to use.
The Robotics Academy therefore provides a structure where students can come together
to learn about and realize the importance of other disciplines. From an HF perspective, this
project is an opportunity to create awareness about human factors engineering and to encourage
other engineers to incorporate human factors principles as part of their design strategies.

Designing for the Younger Population
As an added challenge, the members of the Robotics Academy must make their ideas
understandable, and their finished products usable, by children. Children provide an interesting
dimension to the project because designs must take into account the limited cognitive and motor
abilities of children. Although much research has been done in HF about user-centered design
for adult men and women and now also the elderly, little attention has been paid to designing for
children. Anthropometric data, which involves measurements of the body and the distances that
can be reached from different postures, have been collected on children, but there is hardly
anything in databases or books written about usability for children.

Methods/Design Process

Design of the Tasks
In the development of any product, care must be taken to address the needs and desires of
the target population. In this case, the kinetic sculpture is being used by children in grades four
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through six. Therefore, the sculpture must be aesthetically appealing and engaging, and the tasks
must be interesting and fun to children in this age group. Also the tasks must be challenging
enough that they are not boring, but must also be within the capabilities of children at these
stages of cognitive and motor development. With these criteria in mind, the members of Team
Kinetic tackled the first vital initial step of brainstorming.
At the beginning of the design process, the members of Team Kinetic decided that five
events and therefore five corresponding tasks would be a good target. This would hopefully
provide adequate variety in tasks and events, but would also be realistic in terms of designing
and building the sculpture and interface in the given time period. In this paper, the focus will be
on the tasks and interface design since these were rightfully assigned to the HF specialist.
Many task ideas were proposed, and many were discarded because they were either
outside of our building abilities as engineering students or because they were thought to be too
difficult for the users we were targeting. After discussing many possibilities, the five general
ideas that emerged were: 1) squeezing of a grip, 2) replication of a light pattern, 3) pointing with
a laser, 4) activation of a motion sensor, and 5) creation of either a little or a lot of noise. These
five were chosen because they challenge the child in a variety of ways including: fine motor
control, memory, hand-eye coordination, and self-control. After several iterations, these five
ideas evolved, some more than others, due to limitations in equipment and after testing with
children, to become the five tasks presented in the final interface.
The following sections present a description of each of the tasks and how they came to
be. There were three main issues that needed to be addressed for each of the tasks: 1) what
constitutes a success, 2) what constitutes a failure, and 3) how the instructions convey this
information. The appearance and other physical properties of the interface are also discussed.
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As with any product, there is certain terminology that the designers use that may be
unclear to others who are less familiar with the product. These key terms are defined as follows
and are shown in Figure 2. For example, as previously mentioned, an “event” refers to the
mechanism that, when activated, allows the ball in the kinetic sculpture to continue along the
track. An example of an event would be the turnstile or the elevator. There are five of these
events that prevent the ball from freely moving through the sculpture. The “sculpture” refers to
the system containing the events, ball, and track. The “interface” refers to the part of the project
that the kids interact with. Design of this interface was the responsibility of the human factors
engineer, with essential work done by the electrical engineers to make the inputs and feedback
functional. A “task” is completed by the user at a “station” and there are five stations that
comprise the interface. These tasks may be a sequence of steps in the form of a game, such as
noise-making. The “instruction panel” or “feedback panel” refers to the vertical portion of each
station that describes how to complete each task and also gives feedback to the user. The
horizontal portion of each station is known as the “action panel” and contains the inputs, or the
devices that collect information from the users, for example, the grip or buttons.

Figure 2. Sculpture and interface terminology.
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General Interface Features
Several features appear across all stations in the interface to provide consistent forms of
instruction and feedback. Consistently organized displays are an important part of user-centered
design because they take advantage of the user’s learning ability to reduce the time it takes to
process information for every new display (Wickens, Gordon, & Liu, 1998). A user who has
already figured out how one display works will be able to use that information to quickly locate
salient information in another similarly configured display. As described in more detail in the
following section, these features include such things as the physical dimensions of the stations
themselves, input and output feedback modality, pictorial and text instructions, and coding of
each station using colored shapes.
The five stations are identical in their size and the way the pieces are put together. With
the exception of the Laser task, the basic pieces of each
station are made of ¾ inch thick MDF, which is a
compressed wood fiber material. The back vertical
panel that comprises the instruction panel is 17.5 inches
by 10 inches. The action (horizontal) panel is 17.5
inches by 10 inches, and the front piece is 5.5 inches by
10 inches. These pieces are assembled as shown in
Figure 3. The stations were originally constructed with
only these pieces to provide the most important surfaces
for the electrical engineers to work with, while allowing
them easy access by not enclosing it. The Laser station
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differs from this design because the action panel is made of clear plexiglass so that the user can
see into the box. Determination of station size was optimized for visible features for the users
and manageable size for transportation and set up. Each of the stations is painted with Satin
White Latex paint because this is a very
clean and non-abrasive color and serves
as a good background for the brightly
colored lights, buttons, and instructions.
Each station is a separate piece,
but when set up and all lined up in a row
facing the same way, appear as if they
were all connected, as in Figure 4. This
alignment of the stations is optimal

Figure 4. Five stations lined up in a row.

because it allows other viewers to see
what is happening as the child is trying to complete the task by standing on one side of the
sculpture. If the stations were placed around the sculpture, viewers would be forced to change
their position around the sculpture in order to see the front of the active station. For ease of
presentation, it was more practical to situate the audience on one side and face the fronts of all
the stations in that direction.
At the top of each instruction panel is a 20 mm green LED that serves as the task
completion light. When a task is completed, the light on that station goes on which serves as a
clear indication to the user and also to those standing farther away that that station’s task has
been completed. Because of these lights, a child standing far away, who may not be able to see
where the ball is or what is displayed on the instruction/feedback panel, can tell at a glance
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which tasks have been completed and which ones must still be completed in order for the ball to
go all the way through the sculpture.
In addition to illumination of the light, a sound plays when the task is completed to
provide an auditory indication of task completion for those who were unable to see the light
because they were not paying attention or because their view was blocked. In the event of a
failure, a buzzer sounds to alert the user and others to the error. Use of both visual and auditory
feedback is a key feature of good display design because it gives the user more than one
opportunity to gather information from the system. Two modes of expression of the same
message increase the chance that the message will be interpreted correctly because factors that
may adversely affect one signal probably will not affect the other signal. This principle of
design is known as redundancy gain (Wickens, Gordon, & Liu, 1998).
Just below the task completion light, each station has a laminated 8 inch by 4 inch set of
instructions. On the left side is a colored picture of the task, which attempts to illustrate what
actions must be taken to complete the task. Brightly colored pictures were drawn to attract the
attention of the children. On the right side is a written description which uses simple words to
very concisely explain the task. These instructions were written in Comic Sans MS which is a
rounder font and therefore more friendly to children. The size of the font was limited by the
available area of the written instructions and the amount of words that needed to fit into that
space. The font size chosen was 22 because this was the largest font that would fit all five sets of
instructions in the 4 inch by 4 inch allotted space. Although some instructions were shorter and
therefore could have still fit in the space with a larger font size, consistency across all five
stations was deemed to be more important. With a font size of 22, the text is large enough for a
person standing directly in front of the station to read it.
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The child development major on the project was consulted when making the written
instructions to ensure that they would be appropriate for young children. The instructions were
condensed from their original form because a lengthy text would likely deter children from even
attempting to read the instructions. Also, very simple language was used so that children would
be able to understand the meaning of the instructions. The beginning of each instructional text is
an action phrase written in bold and underlined because these words provide the most basic
necessary instruction. A child who refuses to read the whole text, but at least reads these words
will have a good idea of what action is needed to complete the task.
Each station is connected to one event in the sculpture. Colored shapes are used to code
the stations and events so that users will be able to match the two. If the ball is stuck at one of
the events, users can look at the colored shape affixed to that part of the sculpture and look for
the same colored shape on the station to figure out which task should be completed to move the
ball through that event. Both color and shape are used as indicators, another example of
redundancy. Those users who are colorblind will be able to match the station and event based on
the shape of the sign and those with normal color vision can quickly use color or shape to match
the event and station.
The stations and sculpture were built so that it would be possible to change the matching
of the events and stations. By choosing the plugs to be inserted, the user can assign the stations
to any of the events. Once they are assigned, the colored shapes can also be placed to reflect this
change so that users will know which event goes with which station. The colored shapes in the
sculpture are permanently affixed, whereas the colored shapes on the stations can be moved
around since they are attached by Velcro.
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Descriptions of the specific tasks and their corresponding interfaces follow. Pictures of
the instructions panels and some of the action panels are included. For computer sketches of the
final interfaces, detailing the positions of various objects in the interface, please refer to
Appendices A through E. In Appendices F through J, details of the design process and iterations
can be found. Also included, in Appendices K through O, are the original sketches for the initial
design ideas.

Task 1: Grip
The first task, referred to as the Grip, requires the user to squeeze a trigger by a certain
amount. Whereas one would normally depress a trigger fully, this task requires more sensitive
usage of the apparatus. The trigger is electronically connected to a vertical row of lights. The
amount that the trigger is squeezed corresponds
linearly to the number of lights that are illuminated.
Squeezing the trigger fully causes all the lights to be
illuminated, not squeezing at all causes none of the
lights to be illuminated, and squeezing the trigger
intermediate amounts causes illumination of some of
the lights, with the amount dependent on how hard the
trigger is squeezed.
When this station is activated, one of the eight
lights in the instruction panel, shown in Figure 5,
flashes to indicate the amount that the trigger needs to
be squeezed. For example, if the top light were
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flashing, the user would have to squeeze the trigger
completely to fill the lights to match the flashing light.
While the flashing light is matched, the user must
continue to hold the trigger in that position and push a
button with his or her other hand to take the reading, as
shown in the action panel in Figure 6. Therefore a
success for this task is achieved when the user squeezes
the trigger an amount that causes the lights to fill only
Figure 6. Trigger and button on
action panel for Grip task.

up to the level of the flashing light. When the trigger
and light are matched, the user must press a button to

confirm that this is their intended action.
Failure to complete this task results when the user pushes the button when the lights are
not filled to the level of the flashing light. In the case of this incorrect action, another flashing
light goes on and the user may try again.
The picture used in the instructions for this task
depicts a person’s hand with the index finger squeezing the
trigger of the apparatus, as seen in Figure 7. This is to show
that the apparatus is to be held in the hand, and the trigger is
to be squeezed. However, it was difficult to portray in the
picture that the trigger should be squeezed only certain

Figure 7. Pictorial
instructions for Grip task.

amounts, so this was clarified in the written instructions
which read, “Squeeze the trigger until you reach the flashing light. Push the button when the
lights match.”
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The handpiece used for this task could be used by either the right or left hand. However,
the main reason this particular device was selected for use was because it was already configured
to give an output based on how much the trigger was squeezed. Therefore, making this task
work only required that the signal be modified to turn on lights as the trigger was squeezed.
Although building a device with the same functionality would not have been impossible, given
the time constraints of the project, it was more practical to buy an already existing device.
The lights in the instruction panel form a vertical column that, when viewed as a whole,
resembles a meter. Someone squeezing the grip is able to receive feedback from these lights
about how hard the trigger is being squeezed since these lights go on in direct response to the
force being applied in the squeeze. Any increase or decrease in squeezing pressure is reflected
immediately in the upward and downward lighting of the “meter.” These eight lights are of
different colors, making it easier to distinguish between different levels of squeezing. Starting
from the top there are two green lights, two yellow lights, two orange lights, and finally two red
lights at the bottom. Red was placed at the bottom because red typically indicates the stop
position, which in this case represents inactivity. When the person is squeezing the trigger, the
lights travel up towards green which is an indication of movement.

Task 2: Simon
The task labeled Simon was modeled after the popular Simon game. For the purpose of
the sculpture, the task involves four colored buttons that light up (see Figure 8). Each of the
buttons is a different color: red, yellow, green, or blue. The buttons light up in a sequence,
forming a unique pattern which the child must replicate. The light sequence is played by
pressing the buttons in the correct sequence. The next thing to be implemented in this station is
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auditory feedback for each of the button presses. Once
this is set up, a sound should play for each button press,
in addition to having the button light up to show the
user that the system has recognized his or her button
press.
When the child replicates the pattern correctly,
the task is complete and the ball is allowed to pass
through the corresponding stop in the sculpture. Upon
Figure 8. Colored pushbuttons
and RESET button on action
panel for Simon task.

completion of the task, a green light on the instruction
panel labeled “CORRECT” goes on and all of the
buttons start flashing (see Figure 9). When sound is
added to this station, the entire song should play to
provide the user with both visual and auditory
confirmation of his success.
If the child presses the buttons in the wrong
sequence, the game starts over with a different pattern.
As soon as the user pushes a wrong button, a red light
on the instruction panel labeled “TRY AGAIN” goes on
and another four-light sequence plays. The user may
also push a “RESET” button located at the far right

Figure 9. Instruction/feedback
panel for Simon task showing
“CORRECT” and “TRY
AGAIN” lights.

corner of the action panel if they would like to try a
different sequence than the one they were given. This
button is handy if the sequence is too challenging or too
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easy for the user. Although the sequence is generated randomly, by continuing to push the
“RESET” button, an appropriately challenging sequence is bound to come up.
The pictorial instructions for this task show the four
buttons and a person’s hand pushing one of the buttons (see
Figure 10), even though children presented with buttons will
most likely start pushing them anyway. The most helpful
information about how to complete the Simon task is in the
written instructions where it reads, “Copy the light pattern by
pushing the buttons in the same order. Do not push more than

Figure 10. Pictorial
instructions for Simon
task.

one button at a time.”
The buttons are medium round low profile illuminated pushbuttons that light
momentarily when they are pushed. Round buttons were chosen because buttons with angled
edges have a greater chance of cutting the hands of the children when they slap at the buttons.
At almost two inches in diameter, the buttons are relatively large so that they can be easily seen
and pressed. For children especially, it was important to make the buttons large so that there
would be a greater surface area for them to aim at when pushing the buttons.
Having the colored buttons and lights as the same object is a design technique known as
colocation, which is encouraged by Wickens and Hollands (2000), because it maximizes
stimulus-response compatibility. By effectively making the response action in the same location
as the stimulus, there is far less confusion. The user can remember the sequence based on the
color or the location of the light and then can push the button in that same location. This also
reduces clutter in the display by limiting the amount of objects to four instead of eight.
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The arrangement of the buttons in a cross shape was very deliberate. Among the other
reasonable options were arranging them in a vertical or horizontal line or as the corners of a
square or rectangle. However, the cross shape takes advantage of “up,” “down,” “left,” and
“right” location labels to provide another helpful aid for remembering the sequence. Colorblind
children who cannot use the color names, must use location of the light as their cue. This
arrangement is easier to verbalize when trying to remember the sequence than, for example,
trying to remember “upper left, lower right, upper left, lower left” or “far left, far right, middle
right, middle left.”

Task 3: Laser
The laser task is a drawing game using a laser as the drawing tool. The child must
control the direction of a laser so that the laser hits certain points along a picture, in this case, a
four-inch star with ten vertices. Each of these points is a light sensor which can thus detect when
the laser beam is upon that point. The points are numbered, 1 through 10, clockwise from the
top to indicate the order in which the picture should be drawn. By hitting these points in the
correct sequence, the child is able to “draw” the picture
and thus complete the task.
A success for this task is achieved only when all
ten points are hit in order from 1 to 10. As each point is
hit, a yellow light next to that point goes on to indicate
that the sensor has been activated and that the child may
now move on to the next point. The numbered star
target and feedback lights surrounding the star are
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Figure 11. Target for Laser task,
with numbered points, sensors,
and feedback lights.
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shown in Figure 11. Also, as the laser hits each numbered
point, a corresponding numbered light goes on on the
feedback panel, shown in Figure 12, to show that the
point has been hit by the laser. In future versions, a sound
will also play when the point is hit. When all ten points
of the star have been hit in order by the laser, all ten
yellow lights surrounding the star should be lit and all ten
yellow lights on the feedback panel should be lit to
indicate task completion.
Failure for this task occurs when the user hits the
points in the wrong order. When this happens, any lights

Figure 12. Numbered feedback
lights for Laser task.

that may have been illuminated to indicate points hit in that
round turn off and the user must start over from the first point
at the top of the star.
The picture for this task, as displayed in Figure 13,
shows a star at the top with a person’s hand at the bottom
Figure 13. Pictorial
instructions for the Laser
task.

holding the laser. A line is drawn from the front end of the
laser to the third point of the star, with the first and second
points already lit, to show that the third point should be hit

after the first and second. The instructions read, “Connect the dots with the laser by using the
handle to aim the red dot at the ten points of the star in order from 1 to 10.”
The laser station is the only station that has a clear top for the action panel instead of the
painted MDF. This exception was made because of the safety issues associated with lasers. The
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task requires that the laser beam be pointed at the target. In order to ensure that this laser beam
is not directed at anyone’s eye, the laser point and target had to be contained underneath the
surface of the box. By inserting this barrier, the children are not able to move themselves into
the path of the laser beam. The top therefore had to be clear to allow the user to see the target.
Although the laser holder has not been built yet, the basic description is as follows. The
laser is fixed into the front panel of the station so that the point of the laser that the beam is
emitted from is inside the box. The laser is able to point in different directions because it is
mounted using a ball and socket joint.
The laser task challenges the child to use fine motor skills in controlling the laser and also
tests drawing ability. According to Tidman and Koch (2003), by age five, children should have
good finger skills and should be able to manipulate small objects. They should also have some
facility with video games and computer activities which should mean that they would be able to
control the joystick-like movement of the laser.
According to Rosengren and Braswell (n.d.), children begin to make their first drawing
attempts at 18 months of age. By age three, they are able to create simple lines and circles. By
age five, they should be able combine lines to form a triangle, and by age seven, they should be
able to form diamonds. In terms of the drawing task, fourth through sixth graders should have
few problems connecting dots on paper. The use of the laser makes this task much more
interesting and challenging for these older children.
Although it may be intuitive for adults to easily follow a shape in an orderly sequence,
for children, this is not always the case. According to Rosengren and Braswell (n.d.), children
who are four years old will often “not alter their drawing behaviour across different
instructions.” Therefore it may be difficult for these younger children to trace a figure in a
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specific way. However, older children will “adapt their drawing behaviour to fit the
instructions” and may alter the sequence and direction of specific strokes as a function of the task
(Rosengren and Braswell, n.d.). For older children, it may be enough to number the points of the
star to indicate what order to go in. For younger children, the task may have to be modified to
account for their limited drawing and instruction-understanding abilities. In this case, a simpler
picture such as a triangle might be more appropriate, which simply requires the child to hit all
three corners in any sequence.

Task 4: Distance
In this task, the user sees a note
displayed on the instruction panel and then
hears the corresponding note. On the
instruction panel, the notes are displayed as
shown in Figure 14. On the left hand side, a
picture of a treble clef is displayed above a

Figure 14. Display of note and clef stimuli
for Distance task.

picture of a bass clef, with a yellow light next

to each clef that becomes illuminated to indicate the appropriate clef. To the right of the clefs,
five horizontal lines are shown to represent a musical staff. Yellow lights are then positioned on
this staff to represent the notes, A through G for treble and bass clef. Although this task may
seem like it requires that the user be able to read music, actually this is not the case. The clefs
are like any other pictures, and the notes on the staff must only be remembered for their location
on the staff, not by their names.
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In order to complete the task, the user must hear or see the note before it turns off after
two seconds. The user must then move his or her hand above a motion sensor to reproduce that
note. The sensor is able to detect how far an object is from it. When the user moves his or her
hand up and down above the sensor, various notes are displayed on the feedback panel and the
corresponding notes are played. As shown in Table 1, each range of distances above the sensor
corresponds to one note, although there is no attention paid to octave when the sound is played.
These distances are only approximations, based on a calibration done by the electrical engineers
using a number returned from a signal outputted from the sensor. Users must rely on memory of
which light was illuminated on the staff or what sound was played in order to find the correct
placement of their hand to illicit the illumination of that same light and the emission of that same
sound.
Table 1
Distances above the sensor and their corresponding notes
Distance above
Note
Sensor (inches)
3 to 6
A
6 to 9
B
9 to 12
C
12 to 15
D
15 to 18
E
18 to 21
F
21 and above
G
Successful completion of this task requires that the
user’s hand be placed at the height corresponding to the
stimulus note and be held steadily there while a button is
pressed. The interface for this action panel is very simple, as
shown in Figure 15, consisting only of the hole through which
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Figure 15. Button and
sensor hole on action
panel for Distance task.
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the sensor takes reading and the button which the user must press. Because the user’s hand must
move around to find the note, the system has to know when the user thinks he or she has found
the right distance and is therefore ready to take the reading. The button press serves this
purpose. The user is able to select the appropriate distance based on both the note showing and
the sound playing. If the user’s hand is at the right height when the button is pressed, the lights
showing the note and clef should match the note and clef that showed originally and the note that
is playing should match the note that was originally
played. If this is the case, a green light labeled
“CORRECT” goes on and one of the three lights
displayed horizontally at the bottom of the feedback
panel goes on, as shown in Figure 16. Three
notes/distances should be correctly found in order to
complete the task. Therefore, this task could be
accomplished by a team of three kids, each doing
one note. The three horizontal lights serve as a
counter and are illuminated from left to right as
each round is completed until all three are
illuminated, signaling completion of the entire task.

Figure 16. Feedback panel for Distance
task.

If the user’s hand is placed at the wrong height when the button is pressed, a red light
labeled “INCORRECT” goes on and the next horizontal light does not go on. Another note and
clef will then be displayed and the user may try again. Users do not have to complete the three
rounds all in a row in order to complete the task. Instead, if they have already successfully found
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the correct distances once or twice, the counter lights will remain illuminated. Task completion
simply requires that a total of three successes be achieved.
In the pictorial instructions for this task (Figure 17),
a person’s hand is shown with the palm facing down and
the fingers outstretched so the hand is flat. This hand is
above a darkened oval representing the sensor. A doublesided arrow placed next to the hand indicates that the hand
should be moved up and down above the sensor. Above the
hand, a picture of the clef and note display is shown with

Figure 17. Pictorial
instructions for the Distance
task.

one clef and one note illuminated. The written instructions
read, “Move your hand up and down above the circle to
match the sound you heard or the light you saw. Then press the button. Do this correctly for
three different notes.”
To increase the accuracy of the distance sensor, a device should eventually be built that
allows the user to slide a flat piece up and down and then lock it. This device would replace the
person’s hand and thus would be a steadier and more even surface from which to take distance
readings. However, this piece was not built yet due to time constraints and because the hand was
temporarily a satisfactory means of completing the task.
Since the sensor is able to detect distances of 0 to 80 centimeters away, research had to be
done into how high the children would be able to reach. This would determine the upper
distance required to produce the highest note. Anthropometric data on children from Anthrokids
(1977), summarized in Table 2 shows that if the station is placed on a child-size table and the
child is standing in front of the input module, he or she should be able to reach at least as high as
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about 65 centimeters for six-year-olds, 75 centimeters for nine-year-olds, and 83 centimeters for
twelve-year-olds assuming that the sensor is at about waist level. The measurements used were
for combined male and female data. This calculation was done by subtracting the waist height
from the vertical grip distances for the 5th percentile values. To accommodate the youngest user
and therefore the one with the smallest reach, the maximum height above the sensor required was
about 22 inches, or 56 centimeters.
Table 2
Anthropometric Data for Six, Nine and Twelve-Year-Old Children Related to Reachable
Distances for Sensor
Mean
Age 6
Waist Height
Vertical Grip Reach
Age 9
Waist Height
Vertical Grip Reach
Age 12
Waist Height
Vertical Grip Reach

Minimum 5th Percentile

65.2 cm 56.6 cm
135.6 cm 118.4 cm

59.0 cm
124.1 cm

79.2 cm 68.3 cm
160.8 cm 141.2 cm

71.5 cm
146.1 cm

89.5 cm 81.0 cm
181.6 cm 160.1 cm

82.5 cm
165.4 cm

Task 5: Noise
For the noise task, the objective is to make the “perfect” amount of noise. This may be
accomplished not just vocally, but also through clapping, stomping, or any other method that can
produce the required decibel level. Unlike other exercises which might require children to make
as much noise as possible, this task involves the production of an intermediate amount of noise.
The vertical row of lights resembles a meter as in the grip task. However, for the noise
task, there are seven lights, with one green light in the middle, and a yellow, then orange, then
red light above and below the green light so that the red light is on the very top and the very
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bottom as shown in Figure 18. The green light is
labeled “PERFECT,” the top red light is labeled
“TOO LOUD!” and the bottom red light is labeled
“TOO QUIET!” Green is used as the target because
green has the most positive connotation, whereas
red suggests danger or doing something wrong.
Completion of this task requires the children
to make noise at a “perfect” volume. When this
volume is reached, a button must be pushed to take
the noise reading. If the noise level reads “perfect,”
the green light in the middle of the vertical row of

Figure 18. Light stimuli and
feedback meter for Noise task.

lights goes on to signal task completion.
Failure to complete this task results if the user is
unable to produce sound at this decibel level by either
making noises that are too loud, resulting in illumination of
lights above the green light, or noises that are too quiet,
resulting in illumination of lights below the green light.
A picture of a person with sound coming out of his
mouth and a picture of clapping hands are used to show that

Figure 19. Pictorial
instructions for the Noise
task.

noise should be made (Figure 19). To the right of these pictures, a vertical row of lights
resembling the actual row of lights below the instructions is shown with the middle green light
on. The written instructions say to “Make any kind of noise until the green light in the middle
turns on.”
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The sound collecting device for this task is a microphone taken from a computer. This
was used out of convenience because it was available and satisfied the requirement of being able
to collect sound information.

Usability Testing with Children

With any type of product, especially one that is of new design, usability testing is vital to
its success. Many products are put out onto the market and then fail because people are unable
to use the product. Often, this happens because designers have a different mental model from the
users. Although the designers may understand the product perfectly and may think that they
know how the consumer is going to interact with the product, many times these assumptions turn
out to be false. Designers are experts on the products they create and cannot and should not
expect the users to have this same depth of knowledge.
Because the stations for the interactive kinetic sculpture were original designs, and
because so little is known about children’s interaction with technology, it was important to test
the usability of the stations on this relatively untested set of users. Out of convenience, the test
subjects were three children from the after-school workshop being led by the Robotics Academy.
This group included two boys and one girl, all in the fourth grade.
The children were not subjected to a formal testing procedure, but were simply observed
while they played with the sculpture. Robotics Academy team members who were there to help
with the workshop were instructed not to explain how to use each station to the children. The
objective was to see if the children would be able to use the instructions and interface features to
figure out what to do to complete each of the tasks. Unfortunately, only three of the five stations
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were available for testing by the last day of the workshop. The other two were still being
constructed, programmed, and wired and were therefore not fit for testing. The three stations
tested were the Grip, Simon, and Distance tasks. The results for these three tasks are included in
the following sections, as well as a discussion of what interface improvements could be made
based on these results. The children were allowed to alternate who attempted the station first
since there were three stations and three children. For the purposes of this report, the children
were numbered Subject 1, Subject 2, and Subject 3 and will be described using he, him, or his for
anonymity.

Results and Discussion for Grip
When presented with the Grip station, the children at first did not even attempt anything
without first asking the adult observers how to play. When the observers told them to read the
instructions and see if they could figure it out, the children looked at the picture and began to
read the written instructions. Subject 1 picked up the trigger device and the children worked
together to try to come up with an explanation of what was required so that Subject 1 would be
able to complete the task. Subject 3 read the instructions out loud and then pointed out that the
trigger had to be squeezed and that the flashing light needed to be matched. After experimenting
with the trigger and observing how the lights responded to his squeezes, Subject 1 was able to
match the flashing light. However, the second step of pushing the button proved to be somewhat
difficult and it took two more tries before Subject 1 was able to complete the task.
When it was Subject 2’s turn, at first he did not even pick up the trigger device. After a
few seconds, one of the other subjects told him he needed to pick it up. He then squeezed the
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trigger a couple times and seemed to make the connection between the lights and the trigger. He
quickly completed the task and exclaimed that the task was “easy” and asked, “Is that all?”
Because Subject 3 seemed to have paid the most attention to the instructions and was
previously explaining the task to the other subjects, it was expected that he would also complete
the task with ease. On the contrary, of the three subjects, Subject 3 had the most trouble
completing the task. Although Subject 3 was able to verbally identify the need to match the
flashing light, he was unable to modify his actions to do that. Subject 3 continued to quickly
squeeze the trigger all the way, time after time. After many tries and exclamations of “I don’t
get it,” “What’s going on?” and “How do you do this?” it was finally suggested that he try
squeezing the trigger slower. Even then, it seemed to be ingrained in his mind that triggers were
meant to be squeezed fully, not only halfway. After several more tries and more frustration,
Subject 3 was advised to try squeezing the trigger halfway. A few more attempts later, Subject 3
was able to complete the task.
The difficulties experienced by the children in completing this task show that the design
of this station needs improvement. The instructions should put more emphasis on squeezing the
trigger partially, since users are likely to squeeze the trigger fully even without instruction. The
trigger was also too easy to squeeze. Constraints should be placed on this device to make it more
conducive to partial squeezing, since triggers are rarely pulled only part way.

Results and Discussion for Simon
Although the Simon station was the first one finished by the engineers and was fully
operational every time it was tested, when it was hooked up to be tested by the children, the only
sequence it would produce was the all green sequence. When this occurred, the engineers were
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just as confused as the subjects and the reset button was pressed many times in an attempt to
generate a different, more challenging sequence. Unfortunately, the problem persisted and the
subjects were only allowed to try the all green sequence. The three subjects completed this task
with ease. All of them seemed to understand the instructions and the objective of the game and
expressed disappointment that they were not able to try a harder sequence.

Results and Discussion for Distance
The final station, Distance, proved, as expected, to be the most challenging. The station
was not completely finished, so the speaker and sensor were not installed below the surface of
the action panel where they would be hidden, but were instead placed on top of the action panel.
Because of this placement, a common mistake among all three subjects was to place the hand
above the speaker instead of the sensor. Although the speaker was placed at a far corner of the
action panel, it is significantly bigger than the sensor and therefore drew more attention.
Subject 3 tried this task first and spent about a minute experimenting with hand
movement to change the sound. During this time, he missed seeing the light stimulus and
hearing the sound stimulus. Therefore, to get the stimuli to play again, he was forced to produce
an incorrect note to reset the station. The second time around he paid attention to the light and
sound and tried to find the note by moving his hand. He seemed to be remembering the note
based on the location of the light and not on the sound of the note. The next problem he faced
was getting the station to take the correct reading. For some reason, this station was also having
technical issues and the sensor was much more sensitive than it was previously in home trials.
Slight movements of the hand caused the notes to change. This was unusual considering that the
program was made to change notes only after the distance from the sensor had changed by a
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significant amount. This extra sensitivity required that the hand be placed in a very exact
location to take the reading, which proved to be difficult while pushing the button. Although
Subject 3 was able to remember and find the correct note, it took several tries before he was able
to successfully take a reading on one because the hand he was holding above the sensor kept
moving and producing a different note when he reached over to push the button.
Subjects 1 and 2 had the same difficulties with the Distance task as Subject 3. Sensitivity
of the sensor continued to be a problem and both subjects had to try several times to successfully
hold their hands steady while pushing the button. These subjects also missed the stimuli at least
once and had to make errors in order to get new stimuli to play. Subject 1 discovered another
problem with the design. When he made an error, he tended to keep his hand above the sensor
while waiting for the new stimuli. Because he did not move his hand, the new note did not
sound, but instead, the system continued to play the note corresponding to the hand’s distance
above the sensor. Although the subjects were able to figure out what the task required, problems
with the sensor made it difficult for them to complete the task on the first attempt.
Even after the sensitivity of the sensor is fixed, there are several human factors issues that
should be addressed to improve the design of this station. The immediate response of the
stimulus does not accommodate those users who are not fully devoting their attention to the task.
The stimulus should show for a longer period of time, especially since the next station is
activated soon after the previous task has been completed. Users who may still be paying
attention to the previous station or watching the sculpture should not miss the stimulus.
Also, the design should avoid requiring the use of two hands, especially when one hand
must be very carefully controlled, since this kind of coordination can be rather difficult. In
response to Subject 1’s continued hovering over the sensor, the system should instruct him to
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move his hand when necessary. This instruction could be in the form of a verbal warning, for
example, “Please move your hand off of the sensor.”

General Discussion

Limitations of the Experiment
Several problems arose during this usability test that made it hard to gather accurate
information about the usability of the system. The major issue was that not all of the stations
were finished and available for testing and therefore, no data could be gathered for the two
unfinished stations, Laser and Noise. This was especially unfortunate for the laser task because
this was one of the more challenging tasks and it would have been nice to see whether kids were
able to control the laser and actually connect the dots. Even the stations that were brought in for
testing had unexpectedly reduced performance, most likely due to the jostling of wires associated
with transportation. Although little could be done about the unfinished stations, the reduced
performance of the “finished” stations is of great concern. Products are assumed to be fully
functioning upon delivery. Items that arrive with malfunctions are exchanged for operational
versions with hardly a thought except that it was rather unfortunate that the originally received
product was a defect. However, these malfunctioning products should not be excused so easily.
The malfunction that results from a transportation of the product is actually a human factors
design concern. Especially in the case of the kinetic sculpture and interactive stations, this
system is meant to be used in classrooms, which therefore necessitates frequent travel. Moving
the stations out of the lab into cars, to be then driven to the classroom where they are deposited
on tables should produce very few if any mechanical or electrical failures if the stations are build
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properly. Therefore, care should be taken to ensure that no parts are loose or may become loose
and all wires are securely soldered.
Another limitation on the validity of this study was the small sample size of three.
Because the sculpture and stations were not quite ready for testing, a larger sample size was not
actively recruited, but instead, the children who were available weekly through the after school
workshop were targeted as experimental users. Unfortunately, there were only three children at
the workshop that day, out of the six that usually attend. Ideally, a larger sample size of fourth
through six graders would be able to test all five fully functioning stations. In the future, stations
could be tested on college students to get a vague idea of the problems that might arise in using
the stations although a younger population would certainly be more desirable.
During the study, the presence of Robotics Academy members may have influenced the
children’s attitude toward the situation. Instead of trying things out and experimenting with
various actions to figure out how to work the stations, the children tended to ask the adults first
without even trying anything themselves. The children seemed less willing to take risks and
were reliant on the adults to provide information. Ideally the adults would have been farther
away from the stations and less accessible for asking questions. However, the engineers were
required to stand nearby because the stations were not yet capable of plug-and-play but instead
required clipping of wires. The engineers continued to fix unexpected problems with the stations
as they came up, so it was necessary for them to be around the stations.
Some of the difficulty the children experienced in operating the stations may also be
attributed to psychological factors. The children were not allowed to play with the stations and
investigate the sculpture until the very end of the class, and even then were forced to wait for at
least ten minutes while the sculpture and stations underwent some last minute set up and fixes.
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The wait time, compounded by the malfunction of some of the stations, probably made the
children rather frustrated and impatient, thus potentially clouding some of their clear thinking
abilities.

Future Work
One idea that has yet to be implemented in all the stations is a time limit. The time limit
should be included as a kind of automatic reset button if the child does not respond within a
certain time. This should be longer than a minute, since the child may be taking time to process
the instructions and figure out what is going on. However, in the event that the child simply
missed the stimulus, this time limit would offer either the same stimuli for the child to try again,
or different stimuli. This time-activated reset ensures that the child does not end up waiting
endlessly for something to happen in the station that already happened without him or her
knowing.
From the results of the usability test, several improvements to design were identified that
previously were not addressed. For the Grip task, it might be helpful to find a trigger that is
harder to squeeze. Because the trigger was so easy to squeeze, users might have a tendency to
squeeze all the way, as Subject 3 did in the usability test. A trigger that is harder to squeeze may
prompt the user to squeeze slower, which would thus cause the lights to go on more slowly. This
might make the connection between the squeezing and the lights more obvious.
For both the Grip task and the Distance task, users had difficulty keeping one hand steady
while trying to press the button to take the reading. Perhaps some other way of taking the
reading could be found that requires less effort on the part of the user. For the Grip task, this
could use voice activation, although for the Distance task some other mode would have to be
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employed since there are already noises being made in the Distance task that would mask any
noise the user makes.
The challenge posed to the child for the Simon task is that of short-term memory. The
child is required to remember four items in sequence in order to complete the task. According to
Schneider and Pressley (1997), children ages nine to twelve can remember approximately four
letters or words and six or seven digits at a time. Younger children can remember approximately
four or five letters, words, or digits at a time. However, when the items must be recalled in a
sequence, performance of children six years of age and younger is greatly affected (Schneider
and Pressley, 1997).
A possible aid in this task might be a button that the child could press that would repeat
the sequence thus allowing the child to rehearse the information before responding. However,
this playback button might prove more beneficial to older children and not younger children
since rehearsal is “more common at the end of the grade-school years than among younger
children” (Schneider and Pressley, 1997).
The playback button might also be helpful to have in the Distance task. Oftentimes, users
seemed to miss the stimuli because they were doing something else while the stimuli were
quickly displayed. Because users are not always paying attention, a playback button would
accommodate this human limitation. The other more general human factors improvements that
could be implemented include clearer instructions and more constraints on the possible actions of
the users to make it harder for them to execute incorrect actions.
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Conclusion

The work I have done for the Robotics Academy is unlike any other Human Factors work
I have done. Although it was difficult at first to communicate the importance of Human Factors
to other engineers, over time, we learned to really appreciate one another and work together.
Designing a product for children proved to be a challenge because I was forced to address issues
of cognitive and physical ability that I would not normally have had to address in designing a
product for adults. However, this was a great learning experience as I was able to apply many of
the Human Factors design ideas from my textbooks and classes, while modifying them slightly
to account for this different, slightly needier kind of user. I was also forced to be more realistic
in my designs, as the other engineers pointed out budget and time limitations. Testing of the
interfaces turned out to be another shocking experience as I learned first-hand what it is like to
be a designer who is not on the same wavelength as the users. Tasks that were completely
obvious to me were clearly not as obvious to fourth graders.
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Appendix A: Sketch of Grip Instruction Panel
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Appendix B: Sketch of Simon Instruction Panel
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Appendix C: Sketch of Laser Instruction Panel
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Appendix D: Sketch of Distance Instruction Panel
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Appendix E: Sketch of Noise Instruction Panel
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Appendix F: Development of the Grip Idea
The original idea for this task was to test the strength of the users. The device involved
resembled a clamp, pictured in Figure 20, or a forearm-strengthening grip used by athletes,
pictured in Figure 21. In order to complete the task, the user would have had to exert enough
force to squeeze the grip completely
and thus depress a small button on the
inside of the grip as shown in Figure
22. Any squeeze that did not push in
the button would not be considered
Figure 20. Clamp
from hardware store.

completion of the task. For feedback,
the meter was the same as in the final

Figure 21. Forearmstrengthening grip for
athletes.

version. As the grip was squeezed, the lights in the
meter would have filled from the red lights at the
bottom, up to the green lights at the top. Therefore,
the modifications of the task are the type of device
being squeezed and the goal of squeezing a very

Figure 22. Example grips to be
squeezed in initial Grip task.

sensitive trigger a certain amount versus having to
apply a lot of force to completely squeeze a grip.
This idea was eventually abandoned because, upon testing various grips with children in
the target age group, there were too many different ranges of ability to decide on only one type
of grip. Also, the available grips were either too easy to squeeze or so hard to squeeze that even
adults had trouble. Although this problem could have been mostly solved by allowing the
children to squeeze with two hands if the grip was too stiff, ultimately the task idea changed
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because of the discovery of the final trigger device. The trigger device was much more
convenient and in the given time, much more practical than having to mount and wire a button to
another grip. However, the trigger was very easy to depress, which would not have been at all
challenging in a physical strength task. Therefore, the task was modified so that it required
precision instead of strength.
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Appendix G: Development of the Simon Idea
The Simon task stayed relatively the same from the
initial idea to the final design and implementation since this is
a task that was adopted from an already existing game. The
only variation in this task, which was abandoned in the final
design anyway, was the number of lights in the sequence.
The original plan was to keep the four buttons, but to have the
possibility of four to eight lights in the sequence. The
number of lights would be determined randomly and a
counter in the feedback panel would show the total number of
stimuli and the number of correct buttons that were pressed to

Figure 23. Interface for
original Simon task with
varying numbers of stimuli.

replicate the pattern, as shown in Figure 23.
The idea for having a varying number of stimuli was abandoned because changing the
nature of the task was potentially confusing. Although the previously cited research stated that
children should be able to remember four items, the research also said that remembering these
items in sequence was more difficult. Therefore, four items was determined to be a challenging,
yet doable number of stimuli.
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Appendix H: Development of the Laser Idea
The laser task began as a simpler one-dimensional follow-the-light task. The idea was to
have three light sensors in a row, and have lights next to these sensors that would go on in a
certain order. The first version of this design required that the user hit the appropriate sensor
after each light. In the second version, the user waited for the whole sequence and then copied
that pattern, much like the Simon game except a laser was being used to hit light sensors instead
of using hands or fingers to hit buttons. This idea was discarded because the task was too similar
to Simon.
To make this task more challenging, a moving target was proposed. To complete this
task, the user would have to track the target with a minimum level of accuracy. There were two
variations of this design, pursuit tracking or compensatory tracking. Pursuit tracking requires the
user to follow the moving target with the laser, whereas compensatory tracking requires the user
to move only to control error if the laser is no longer on the target. This idea was rejected
because it was too complicated to make in the allotted time, given the other four stations and the
powering of the sculpture.
Although the final design of the laser task utilized a ball and socket to allow the
swiveling motion of the laser, there were several options for control of the laser. Because the
target is a two-dimensional picture, the control devices had to enable the beam of the laser to
move in both the horizontal and vertical planes to cover the entire area of the picture. Two
knobs could conceivably achieve this task by having one knob control the vertical direction and
one knob control the horizontal direction. In this case, the design should utilize movement
compatibility, which is the “set of expectancies that an operator has about how the display will
respond to the control activity” (Wickens and Hollands, 2000). Because the laser and target are
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below the surface of the module, the knobs would therefore be positioned on the front panel of
the input module, as shown in Figure 24. The horizontal control knob would utilize a clockwise
motion for a right movement and a counterclockwise motion for a left movement. The up and
down movement poses more of a
problem, since these motions are
not normally controlled by knobs.
If a knob is still to be used, a
double-sided arrow placed to the

Figure 24. Directional knobs for controlling the laser.

left of the knob would provide a clue that clockwise motion corresponds to upward movement
and counterclockwise motion corresponds to downward movement. Despite efforts at achieving
movement compatibility, this method of control is still very confusing for adults, and even more
confusing for children who may not have had the experience needed to translate rotational
motion into linear motion.
Another way of controlling the direction of the laser which is more intuitive than knobs is
through the use of directional buttons. Four simple buttons clearly marked with arrows could
indicate up, down, left, and right motion. By pushing either the up or down button, the child
could direct the vertical motion and by pushing either the left or right button, the child could
direct the horizontal motion. If the child pushed both horizontal or both vertical buttons at once,
the system would refrain from moving until there were no counteracting motions being activated.
Although these are both reasonable methods of controlling the direction of the laser, the
ball and socket method was chosen as the final design because it was the most natural. Knobs
and buttons do not provide the same tactile feeling as actually holding part of the laser. The final
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design gives the user more control over the laser because motion of the hand is directly translated
into the motion of the laser beam.
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Appendix I: Development of the Distance Idea
Of all the tasks, the distance task evolved the most since the original design. The initial
design used the sensor more to detect motion than distance. In fact, originally this task was
labeled “Motion.” One early version of this task was a type of gesture recognition task, which
required the user to move in a pre-determined way. For example, the user would have to lift his
hand up to a certain height, then move it horizontally to the right, then back down to the starting
position and then clockwise around in a circle back to the start position again. This idea came
from the very sophisticated motion detector at the Museum of Science in Boston, which allows
guests to play virtual volleyball. Another motion detection task might require the user to
“conduct” according to beats. In this case, rhythm of motion would be more important than
direction of motion. Speed of motion or the ability of the child or children to switch between
motion and stillness could also be measured for this task. Although many of these ideas would
have been very fun and challenging if implemented, given time limitations it was not feasible to
tackle these designs in addition to the four other tasks and the sculpture.
The final design was actually conceived somewhat spontaneously while working with the
electrical engineers on this station. The plan up until this point was to use the distance sensor in
the same way, but the task required more thinking by the user. The musical note and clef were
still a part of the instruction panel, but instead of just using the location of the light and the sound
to determine the correct distance, the user had to match the note to a distance. In this case, the
note and clef would continue to show on the instruction panel, unlike in the final design where
they are only shown temporarily. A key provided as part of the instruction panel matches each
note to a distance above the sensor in centimeters, as shown in Figure 25. The box to the left of
the numbers in Figure 25 reads “Distance Above Sensor in Centimeters.” For example, if a B
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were shown in either treble or bass clef, the user
would have to place his or her hand 20 centimeters
above the sensor. For this task, the challenge was in
finding the correct distance in the key and then being
able to visualize what that distance was in order to
find that height above the sensor. Upward and
downward movement of the hand would not elicit any
Figure 25. Key for matching note to
distance in original Distance task.

type of response from the station, because the note
would constantly be displayed. In this design, sounds

would not be continuously played as feedback while the hand was moving above the sensor as in
the final design. This design was eventually discarded because this task proved to be too
difficult for children. There was a large variance in answers even among college students when
they were asked, for example, to show forty centimeters with their hands. Although it may be
argued that this was a result of unfamiliarity with the metric system, these same students were
also unable to make the same distance estimates when the distances were given in inches.
A possible aid for this task might include a ten centimeter distance shown on the
instruction panel to give children an idea of how long ten centimeters is. Older children can then
use this as a guide when estimating greater distances by taking multiples of this distance. For
younger children, a row of LED’s along the instruction panel might be activated which would
mark off each of the ten centimeter increments. Because younger children might have a hard
time judging distances, this aid would simply require them to find the appropriately marked
distance and place their hand at that height.
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This task was also much harder because the child was
required to repeat this process correctly five times to produce
a short five-note melody to complete the task. Another issue
with this design was that there was a lot of information that
needed to be included in the display because of the key.
Auditory and visual feedback for this task was similar to the
final design. For every distance that the child got correct, the
corresponding note would appear on the staff shown below
the display, as seen in Figure 26, and the correct sound would

Figure 26. Interface for
original Distance task with
musical staff as feedback.

play. Thus the child would be able to see and hear the note as confirmation of success. Upon
completion of the task, the light at the top of the instruction panel and the light within the
instruction panel would go on and the complete melody would play to provide visual and
auditory feedback.
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Appendix J: Development of the Noise Idea
Originally for the Noise task, the user was required to
make enough noise to exceed a certain decibel level. As shown
in Figure 27, as the child makes noise a meter responds
dynamically to show what decibel level the noise is at. This
meter was basically the same as the meter in the final design,
with the exception of the labels. In the original task, “TOO
QUIET!” was replaced with “LOW,” “PERFECT” was
replaced with “MED,” and “TOO LOUD!” was replaced with
“HIGH.” If the child is not making enough noise, the “NOISE”

Figure 27. Interface for
original Noise task with
flashing sign.

sign flashes to draw the child’s attention and encourage him or her to make more noise. When
the child reaches the satisfactory decibel level, the meter is filled, the light above the meter goes
on, and the task completion light also goes on. A sound also plays, although this may not be
heard over the noise of the child.
Because children are known to produce ear-splitting screams from birth, this task would
have been less of a challenge and more of a fun activity for the kids. However, in the interest of
the adults monitoring the children, this task was abandoned to keep from making the children too
rowdy and noisy. Older children might also have been less amused by this task, so a challenge
for them might be, not to produce sound of a certain decibel level, but to produce a certain tone.
In this case a certain tone might play and the child would have to imitate this tone into the
microphone. A challenge for the kids that may have been of more interest to the adults would
have been a task that requires the children to be very quiet. However, this was not practical for
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this sculpture because the sensor would have to be adjusted each time to account for ambient
noise levels.
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Appendix K: Original Grip Concept Sketches

57

Hamada
Appendix L: Original Simon Concept Sketches
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Appendix M: Original Laser Concept Sketches
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Appendix N: Original Distance Concept Sketches
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Appendix O: Original Noise Concept Sketches
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