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ABSTRACT
Allowing end-users to harness the full capability of general
purpose robots, requires giving them powerful tools. As
the functionality of these tools increase, learning how to use
them becomes more challenging. In this paper we investigate
the use of instructional materials to support the learnabil-
ity of a Programming by Demonstration tool. We develop
a system that allows users to program complex manipula-
tion skills on a two-armed robot through a spoken dialog
interface and by physically moving the robot’s arms. We
present a user study (N=30) in which participants are left
alone with the robot and a user manual, without any prior
instructions on how to program the robot. Instead, they are
asked to figure it out on their own. We investigate the effect
of providing users with an additional written tutorial or an
instructional video. We find that videos are most effective
in training the user; however, this effect might be superfi-
cial and ultimately trial-and-error plays an important role
in learning to program the robot. We also find that tutorials
can be problematic when the interaction has uncertainty due
to speech recognition errors. Overall, the user study demon-
strates the effectiveness and learnability of the our system,
while providing useful feedback about the dialog design.

Categories and Subject Descriptors
I.2.9 [Artificial Intelligence]: Robotics; H.1.2 [Models
and Principles]: User/Machine Systems

Keywords
Programming by Demonstration, Spoken dialog systems

1. INTRODUCTION
General-purpose robots, such as mobile manipulators, are

becoming increasingly accessible. Unlike single-purpose robots
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Figure 1: Participants in our user study, program-
ming the PR2 to fold a towel by demonstration.

that are designed and pre-programmed to carry out a par-
ticular task, general-purpose robots offer the potential for
end-users to program the robot for their unique purposes.
This presents several interaction design challenges related to
building tools that enable end-users to program new capa-
bilities on their robots. It is crucial for such tools to give
as much functionality to the user, while being easy to learn
and not requiring in-person training of the end-user. A com-
mon method to allow end-users to program new capabilities
on a robot is Programming by Demonstration (PbD). This
involves demonstrating a desired capability to the robot, al-
lowing it to model and reproduce the capability.

Demonstration is an intuitive way for users to communi-
cate a desired capability. Nonetheless, details of the inter-
action through which users provide demonstrations might
not be directly evident. For instance, even providing a sin-
gle demonstration requires indicating the start and end of
the demonstration, and there can be a number of ways to
do that. Existing PbD systems employ vocal commands [2],
pedals [18], and buttons on a remote controller [14] or on
the robot’s arm1. All of these methods require instructing
users on what to do (e.g. which button to press for each
functionality). As we start providing more functionalities to
end-users (e.g. creating multiple actions, browsing actions,
executing an action, deleting a previously programmed ac-
tion, etcetera), the amount of instruction to be given to the
users also increase. This makes it difficult for end-users to
figure out, on their own, how they can program a robot.

In this work, we set out to design a PbD system for the
PR2 robot and instructional materials which would let a
naive user to program the robot without any training from
an expert. We built a system that allows programming var-
ious manipulation skills by physically moving the robot’s
arms and talking to the robot through a spoken dialog in-

1http://www.rethinkrobotics.com/products/baxter/
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terface (Fig. 1). As instructional materials, we explore the
use of a step-by-step tutorial and an instructional video,
in addition to a user-manual that specifies all the available
commands that can be used. We examine the effects of these
in a user study (N=30) which demonstrates superior perfor-
mance when users are trained with a video and highlights
the importance of trial-and-error. Based on the data from
this user study, we also characterize the impact of certain
design choices related to the dialog system.

2. RELATED WORK
Programming by Demonstration (PbD), also known as

Learning from Demonstration, has been studied within robo-
tics for the last three decades [4], with recent work focusing
more and more on human interaction problems in PbD [5, 2,
19, 12, 21, 15]. The design choices for the dialog interface of
our PbD system are influenced by work on spoken interac-
tions with robots within the human-robot interaction (HRI)
literature [7, 8, 21]. Work in the field of human-computer
interaction which investigate how the system feedback in-
fluences human input [9, 16, 6] also have implications for
human-robot dialog, and have been considered in the design
of our system.

Our work is also influenced by a long line of research on
the role of mental models in learning to operate new de-
vices [11] and methods for effective instructional design for
learning complex tasks [20, 1]. Particularly relevant work in
this area is by Kamm et al. who investigate the influence of
tutorials on user expertise with a spoken dialogue system for
checking e-mail [10]. In their study, the tutorial significantly
reduced task completion times and increased user satisfac-
tion ratings. Although the design of instructional materials
have not been explicitly studied in the context of HRI, they
are largely employed for user studies evaluating functional
systems designed for humans. For instance, work by Nguyen
et al. employed tutorials to teach RCommander [13]—a tool
for creating behaviors for a domestic robot.

3. SYSTEM

3.1 Platform
The robot platform used in this work is PR2 (Personal

Robot 2) which is a mobile manipulator with two 7 Degree-
of-Freedom (DoF) arms and an omnidirectional base. The
passive spring counterbalance system in PR2’s arms makes
them naturally gravity-compensated, giving users the ability
to kinesthetically move the arm within its kinematic range.
Each arm has a 1 DoF under-actuated gripper and can carry
up to 2.2kg. PR2 has a pan-tilt head with a Kinect sensor
mounted on top.

The software written for this work is developed within
ROS (Robot Operating System) and was released as an
open-source package2. Speech recognition for the dialog sys-
tem is done with Pocketsphinx, using a Shure wireless mi-
crophone headset. For text-to-speech on the robot we use
Cepstral, with the voice David.

3.2 One-shot Keyframe-based Programming
by Demonstration

The PbD system presented in this work is based on the
keyframe-based PbD framework proposed by Akgun et al. [2].

2http://ros.org/wiki/pr2_pbd

Table 1: Components of the system state.

Dialog state d ∈ {start, programming, execution}

Robot state Joint configurations ζR, ζL, gripper states
gR, gL ∈ {0, 1} and arm stiffnesses
αR, αL ∈ {0, 1}

Experiment
state

Number of created skills N , current skill
index n ∈ {1..N}, skills programmed so
far {Si}Ni=1 where Si = {(ζR, gR, ζL, gL)k :
k = 1..Ki} and last used command ct−1

We represent a skill as a sequence of states that the robot
needs to go through: S = {(ζR, gR, ζL, gL)k : k = 1..K},
where ζ refers to the robot’s 7-DoF arm configurations3, and
g refers to the binary gripper state (open or closed). The su-
perscripts R and L denote right or left end-effectors. Skills
are programmed directly with a single demonstration. In
other words, the demonstration itself is a sequence of joint
states that is used for reproducing the skill. For demon-
strations, joint states are manipulated kinesthetically by the
user, i.e. by physically moving the robot’s arms.

To reproduce the skill, the robot moves through recorded
states. It moves from one state to the next by first mov-
ing both arms with a certain velocity profile and and then
changing the gripper states. For instance, if the gripper is
closed at step k− 1 and open at k, the robot will first move
to (ζR, ζL)k with a closed gripper, and then open the grip-
per. The duration of the movement is determined by the
arm that needs to move more. Speeds are adjusted such
that both arms reach the next state at the same time.

3.3 Dialog System
The user interaction with the PbD system is done through

a simple state-based dialog system with a finite set of input
commands. The response to each command differs based
on the system state. This is the combination of the dialog,
robot and experiment states (detailed in Table 1). There are
three possible dialog states: start, programming, and execu-
tion. The robot state involves the end-effector poses, grip-
per states (0:closed, 1:open) and arm stiffnesses (0:relaxed,
1:stiff). The experiment state involves the set of skills that
have been programmed so far, and the index of the current
skill. There are nine different command types (16 unique
commands). The commands are listed in Table 2, exclud-
ing the two commands TEST MICROPHONE (which has no
effect on the system state) and UNDO LAST COMMAND

(which reverses the effect of the previous command).
The response to a command involves (i) a change in the

system state, (ii) a speech response uttered by the robot,
and (iii) a gaze action or head gesture. For example, when
the command OPEN RIGHT HAND is used, the robot says
“Opening right hand” while the right gripper opens and the
robot glances towards the right gripper.

3Our system actually represents arm states with the 6-DoF
end-effector states and uses the demonstrated 7-DoF arm
state to seed the Inverse Kinematics solver. Within the con-
text of this paper, this is equivalent to directly using joint
configurations to represent arm states.
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start programming execution

CREATE SKILL

Success/Failure

EXECUTE SKILL

Figure 2: The core finite state-machine for the dia-
log system.

Table 2: Effect of the commands on the system
state. Initialized with d← start, N ← 0 and n← 0.

Command (ct) Effect of command

RELEASE/HOLD

RIGHT/LEFT ARM

αR/L ← ¬αR/L

OPEN/CLOSE

RIGHT/LEFT HAND

gR/L ← ¬gR/L

CREATE SKILL d← programming
N ← N + 1, n← N , Sn ← {}

SAVE POSE if (d=programming):
Sn ← Sn ∪ (ζR, gR, ζL, gL)

EXECUTE SKILL if (d=programming) & (Kn > 1) :
d← execution,

CLEAR SKILL if (d=programming): Sn ← {}
NEXT/PREVIOUS

SKILL

if (n > 1 and n < N): n← n± 1

The interaction begins in the start dialog state, where the
user is allowed to test the microphone, change the stiffness of
the robot’s arms (released or holding a pose) and change the
state of its grippers (open or closed). In the start state, the
robot’s response to the rest of the commands is the utterance
“No skills created yet”. Similarly, the robot has a speech
response in every possible error case. Changes in the system
state triggered by the commands are summarized in Table 2.

Creating the first skill moves the dialog state to program-
ming. In this state the user can save poses into the current
skill, delete poses, create more skills, navigate between the
created skills, and trigger executions of the current skill.
The commands that change the state of the robot have the
same effects as in the start state. Once in the programming
state, the dialog never goes back to the start state. The
EXECUTE SKILL command, triggers a transition to the ex-
ecution state, which involves moving through the poses of
the current skill. In this state, the robot does not respond
to any commands. The dialog returns to the programming
state when the execution is over. The transitions between
the dialog states is illustrated in Fig. 2.

4. INSTRUCTIONAL MATERIALS
Our goal in this work is to allow naive users to program

the PR2 on their own, without any training from an ex-
pert. The complexity of the robot platform and the PbD
functionality studied in this work, makes it challenging to
accomplish this purely through interface design. We cannot
expect participants to know the functionality and guess the
right commands to use. To address this challenge we turn
to supplementary materials, which are modalities outside the

Table 3: Sample command descriptions as worded
in the user manual given to participants.

Command Description in user manual

RELEASE/HOLD

R/L ARM

Use these commands to release the robots
arms so you can move them around, or to
make them hold a certain pose.

CREATE

SKILL

Use this command to create a new skill.
PR2 will indicate the name of the skill
(for example “skill-1”) in its response.

CLEAR SKILL Use this command to delete all the poses
and hand actions that have been saved
into the skill so far.

interaction that communicate information about the inter-
action. These are supplementary in the sense that they are
not needed for the interaction; i.e. an expert user does not
use them to program the robot. However, they can have an
important role in the interactions of novice users.

In this paper we explore the use of three types of sup-
plementary materials: user manuals, written tutorials and
instructional videos. We refer to the latter two also as in-
structional materials, as these are designed with pedagogical
intent. Tutorials aim at allowing users to learn by doing [17],
whereas videos support them to learn by observing [3]. In our
user study, described later in Sec. 5, we compare these learn-
ing paradigms with a baseline in which only a user manual is
provided, forcing them to learn by exploring, through trial-
and-error. We describe the different supplementary materi-
als designed for our the PbD system in the following.

User manual. A user manual (or user guide), is an exten-
sive technical document that assists the user of a particular
system—most commonly consumer electronics or computer
software. It outlines the different functionalities of the sys-
tem and provides instructions on how to use them referring
to controls (e.g. buttons, menus) and states (e.g. lights, sta-
tus bars) that are available to the user.

In this work the user manual communicates the allowed
commands in the spoken dialog and explains their function.
The manual includes an introductory paragraph that sum-
marizes what the user can do through the interaction, and a
table that contains the list of commands and a description
of its purpose and effect. Samples from these descriptions
are given in Table 3. The whole user manual is one page.

Written tutorial. A tutorial is a set of step-by-step in-
structions to complete a task. It is intended to teach the use
of a certain system by example. In some cases the intended
task is completed at the end of the tutorial and could be re-
peated in the future without the tutorial (e.g. how to change
the strings of a guitar). In other cases, the tutorial involves
a special case of a general task that is not exactly the in-
tended task, and it can be transferred to other instantiations
of the task (e.g. how to write a ROS service).

The tutorial for our system consists of step-by-step in-
structions to allow the user to program a set of skills, so
as to illustrate the effect of the different commands allowed
in the dialog. The steps of the tutorial and the commands
practiced in each step are given in Table 4. As an example,
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Table 4: Steps of the tutorial for teaching the use
of the PbD system.

Tutorial step Commands practiced

Getting started TEST MICROPHONE

Moving the arms RELEASE/HOLD R/L ARM

Using hand actions OPEN/CLOSE R/L HAND

Programming a skill:
Waving

CREATE SKILL, SAVE POSE, EXE-

CUTE SKILL

Adding a hand action
into the skill

OPEN/CLOSE R/L HAND, SAVE

POSE, EXECUTE SKILL

Deleting a pose and
clearing a skill

UNDO LAST COMMAND, CLEAR

SKILL

Navigating skills CREATE SKILL, PREVIOUS SKILL,
NEXT SKILL

the wording of the fourth step in the tutorial is as follows:

1. Say CREATE SKILL and listen to PR2’s response.
2. Release PR2’s right arm and move it to a waving pose.
Say SAVE POSE while holding the arm in place.
3. Move the arm to a different pose to the right of the first
pose. Say SAVE POSE while holding the arm in place.
4. Save a third pose slightly to the left of the first pose.
5. Let PR2’s arm go and say EXECUTE SKILL. Observe
the skill playing out.

Instructional video. An instructional video is a video
that instructs the user on how to complete a task by demon-
strating it. It allows the user to learn a task by observing
someone else do the same task. As with tutorials, users
may execute the task themselves as they watch the video
step-by-step. Note that videos may not have been made
with the intent of teaching, but may still serve this purpose
(e.g. learning how to play a song on the guitar from a video
of someone performing it; learning about the basic function-
ality of Siri from the iPhone commercial). The instructional
video for our PbD system involves a person executing the
steps of the tutorial given in Table 44. The length of the
video is 3 minutes 36 seconds.

5. EVALUATION
We evaluated the effectiveness of our system (Sec. 3) and

the impact of the different instructional materials (Sec. 4)
through a user study which we describe in this section.

5.1 Study Design
Our study has three conditions in which participants were

given a different combination of supplementary materials.

1. Baseline: Participant is only provided with the user
manual.

2. Tutorial: Participant is provided with the written tu-
torial in addition to the user manual.

3. Video: Participant is provided with the instructional
video in addition to the user manual.

4http://www.youtube.com/watch?v=Sou_rthgCtE

PR2
Shelf

Table

PR2
Shelf

Table

PR2
Shelf

Table

PR2
Shelf

Table

PR2
Shelf

Table

PR2
Shelf

Table

Skills
Skill 1: PICK-UP AND PLACE

Pick up the pill bottle from the red dot on the table and place it at the green dot on the table, using the 
left arm.

Skill 2: CONSTRAINED PICK-UP AND PLACE

Skill 3: PICK-UP,  TRANSFER AND PLACE

Before executing skill After executing skill

Pick up the pill bottle from the blue dot on the shelf and place it at the red dot on the table, using the 
left arm.

Pick up a pill bottle from the green dot on the table with the right hand, transfer it to the left hand, 
and place it at the red dot on the table.

Before executing skill After executing skill

Before executing skill After executing skill

Figure 3: An example skill depiction (constrained
pick-up and place) from the skill guide handed to the
participants in the experiment.

We used a between-groups design; i.e. each participant
was assigned to one of the three conditions. Participants
in all conditions were provided with the user manual since
a user cannot be expected to know the command set for
the dialog. In addition, participants in all conditions were
allowed to call the experimenter to ask questions. This is
equivalent to calling a technical support line to get help on
using a product. This was done to measure the occurrence
of blockages in the task where the participants felt that the
instructional materials were insufficient, while also allowing
them to overcome these blockages.

Participants were asked to program four different skills on
the PR2. The skills were visually illustrated and explained
on the skill guide (Fig. 3) which was handed to the par-
ticipants together with the supplementary materials. The
description of the four skills are as follows:

1. Pick-up and place: Pick up the pill bottle from the
red dot on the table and place it at the green dot on the
table, using the left arm.
2. Constrained pick-up and place: Pick up the pill bottle
from the blue dot on the shelf and place it at the red dot
on the table, using the left arm (Fig. 3).
3. Pick-up, transfer, and place: Pick up a pill bottle from
the green dot on the table with the right hand, transfer it
to the left hand, and place it at the red dot on the table.
4. Towel folding: Fold a towel placed on the table (with
two corners on the red and green dots) into two.

The second and third skills are progressively more chal-
lenging versions of the first one, involving obstacles and co-
ordination of two arms. The last is a transfer task which
involves programming a skill with similar constraints as the
third skill in a different context. The order of the tasks were
maintained across participants.

5.2 Procedure
Participants were scheduled ahead of time for one hour

time slots. Upon arrival, they were brought to the exper-
iment area and given an informed consent form to sign.
The experimenter briefly stated the long-term goal of the
research, and told the participants that their task will be to
program new skills on the PR2. The experimenter said that
she will not give any instructions on how to program PR2,
but that she will provide supplementary materials allowing
the participants to figure it out on their own. Next, the
experimenter handed the skill guide and went over the four
skills by demonstrating them inside the robot’s workspace.
Depending on the condition, the instructional materials were
handed to the participants and explained. In the video con-
dition the video was made ready to play on a computer
screen inside the experiment area. Participants were told to
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imagine that they just bought a PR2 knowing that you can
program it, and it came out of the box with the given sup-
plementary material. They were told that if they feel they
are stuck, they can request tech support by calling the ex-
perimenter. Finally, the participant was equipped with the
microphone and the experimenter left the experiment area.

The experimenter waited outside the experiment area and
responded to tech support requests. If the participant com-
pleted all four task within 40 minutes past their arrival, they
were told that they have time to program one additional skill
of their choice. When done with programming participants
were administered a browser-based survey.

5.3 Evaluation Metrics
The experiments were recorded from a video camera over-

seeing the experiment area. In these recordings, all utter-
ances by the participant directed to the robot were tran-
scribed by two independent coders and categorized as one
of the commands or as a wrong command. In addition the
recordings were used for measuring (i) success of four skills,
(ii) time spent on programming each skill, and (iii) the num-
ber of tech support requests.

The exit survey involved five parts. The first part mea-
sured the cognitive load index using the NASA-TLX ques-
tionnaire, and asked two additional questions to assess the
perceived success of each skill they programed, and their dif-
ficulty. The second part asked the participant to specify how
much the supplementary materials and trial-and-error con-
tributed to their understanding of the different commands.
The third part involved questions about the commands and
asked the participants to rate their agreement with the fol-
lowing statements about the user manual:

Overall usage I used the user manual extensively.

Introduction I carefully read the introductory paragraph
of the user manual.

Commands I carefully read the descriptions of the
speech commands.

The fourth part (automatically skipped in the baseline
condition) asked participants to rate their agreement with
statements related to their usage of the tutorial or the video.

Completion I completed the whole video/tutorial.

Usefulness The video/tutorial was useful in giving me
an understanding of the speech commands.

Redundancy Parts of the video/tutorial were redundant.

Completeness The video/tutorial made the user manual
unnecessary.

The last part of the survey collected demographic informa-
tion and information on habits related to technology usage
and instructional materials.

6. RESULTS
Our study was completed by 30 participants (15 female,

15 male, gender-balanced across three conditions) in the age
range of 19 to 70 (M=39.57, SD=15.53). In the following we
present the main findings of the user study grouped in terms
of observations relating to the impact of the instructional

materials and the design choices of the PbD system used in
the study.

6.1 Impact of instructional materials
We first analyze the impact of the instructional materials

on the interaction with the robot. We make the following
observations.

Video is most effective. Fig. 4(b) shows the number
of participants who successfully programmed the four dif-
ferent skills in each condition. For each skill, more par-
ticipants were successful in the video condition than in the
other conditions. Participants in this condition are more
successful particularly in programming the first two skills.
The time spent programming the first skill was significantly
reduced by the instructional video as compared to the base-
line (t(18)=3.42, p<.05)(Fig. 4(a)). In addition, the overall
time for programming all skills was smallest in the video
condition (M=25.03 minutes, SD=5.04), although not sig-
nificantly less than in the baseline (M=30.95, SD=7.65) or
tutorial (M=29.63, SD=12.26) conditions. Thus, the video
allowed people to be both more successful and efficient in
programming the skills on the robot.

The time that participants spent on the tutorial versus the
video prior to programming were about the same (Fig. 4(a)).
This was on average longer than the duration of the video,
because people either paused the video at times or they
watched parts of or the whole video twice. On the contrary,
participants tended not to complete the tutorial. Only two
out of the 10 participants in this condition executed the tu-
torial until the last step, whereas all 10 participants in the
video condition watched the whole video at least once. This
was reflected in the survey question that asked participants
to rate their agreement with “I completed the whole tuto-
rial/video.” The rating was significantly higher in the video
condition (χ2=-3.06, p<.005 in a Kruskal-Wallis test). This
means that people got more information out of the video,
even though they spent equal time on the tutorial.

The effectiveness of the video was also reflected on the
number of tech support requests, which were significantly
fewer than in the baseline (t(18)=8.49, p<.01). Only one
participant in the video condition made a tech support re-
quest, as compared to eight in the baseline and four in the tu-
torial condition, where the average number of requests were
2.38 (SD=1.85) and 1.50 (SD=0.58) respectively. We note
that the questions asked by participants during tech sup-
port did not provide them any information that was not
in the user manual. By watching the whole video, partici-
pants were exposed to the available functionality even if they
might not remember the exact commands or understand ex-
actly how they work.

The usage of UNDO LAST COMMAND is a clear exam-
ple of the increased awareness about available functionality
due to the instructional video. This command allows the
user to easily recover from speech recognition errors which
were frequent in our experiment. We observed that par-
ticipants in the video condition used this command more
frequently (M=4.20, SD=3.79) than those in the baseline
(M=1.80, SD=1.40) or tutorial (M=1.80, SD=2.10) condi-
tions. Part of the reason for the ignorance about the undo
command was that it was presented last in the user manual
and it was practiced towards the end of the tutorial, which
most participants did not get to. Another reason, we believe,
was that there were other ways of recovering from errors, al-
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Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can 
program by demonstration (like you 
did today) in your home. What skills 

would you program on it?

(If you did the second part of 
the experiment) Please 

describe the what you decided 
to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how it failed.Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1
33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavyReaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911 6 7 5 2 7 6 6 7 6 6 7 7 47 1
27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it... 1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1
16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try washing dishes. open the door when the doorbell rings and ask who is at the door. Get the mail perhaps. Massaging one's back is probably difficult to teach and am not sure I trust it enough. :-)Picking up the cloth by the edges was a bit tricky. The left hand locked up when I tried to pick it up the middle. Folding the cloth was not easy - first time it only folded half way. Taking the folded cloth to the edge and then pulling it along the edge seems to be a good idea but didnt have the time to try that out due to the hand lockup issue.6 First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.4 1 1 6 6 1 1 6 6 6 6 7 44 2
14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next gen could be great for all sorts of things  Domestic- Washing dishes/clothes, making beds, lifting heavy things  Lab- working with dangerous/precise chemicals, doing tedious operations all night  Shop- Loading CNC operated machines, sorting and packing materials/ products, deburring  Medical- General nursing jobs, working around very sick people and other biohazards    With this generation model I would probably have it dance and mix drinks. :DI tried to have PR2 make a bed and put the teddy bear to sleep in it. The bed making wasn't so good, but the teddy bear placement and tucking in worked.4 Not precise enough placement of materials (and no available sensors to compensate for margin of error). Program too long and unwieldy. When it didn't work I just decided to move on instead of starting over.1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1
11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes.I tried to program PR2 to pick up a bowl off the table, nest it inside a larger bowl, pick up the larger bowl, and set the nested bowls down on the shelf.4 PR2 picked up the first bowl and nested it into the larger bowl, but was not able to pick them up as a unit in order to move them to the shelf.  I believe I failed to move its right arm into a position that would allow the task to be completed properly.1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2
5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing with objects that are not exactly identical (e.g., cutting fruit, folding laundry, etc.)I programmed the robot to fold the towel in half.  I tried reaching for the far edge and folding it back, but found that it was easier to grab the edge closer to the robot and fold away from the robot.7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2
3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox to bedroom and then discarded mail to trash can.Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over when the PR2 tryed to grasp it. And it did not return it to a standing position.1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2
1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same task for table tops as well.  ie pick up toys and clothing... 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around) 4 6 7 3 1 7 3 2 7 5 3 6 7 51 1
32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop floors, iron clotheswash windows (simple up and down motion with the arms), sweep/mop floors, iron clotheswash windows (simple up and down motion with the arms), sweep/mop floors, iron clothes 2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1
28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath towel (its usually somewhere in teh room) and put it back on the bathroom towel hanger  Collect dirty plates and bring them to teh kitchen  Bring me fruit bowl from the kitchen and then return it to the kitchenfold towel twice. id love to try folding it properly once againfold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1
22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done without some sort of intelligence. Perhaps turning lights on and off since the switches are in fixed positions.Stack two blocks 4 Robot bumped the table slightly reducing the success rateRobot bumped the table slightly reducing the success rateRobot bumped the table slightly reducing the success rate 4 6 6 5 5 7 1 1 7 7 6 7 7 28 2
20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system. 3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1
17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path.I'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path.I'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path. 4 6 2 2 5 7 6 1 7 7 6 7 6 18 2
13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too primitive and there's no space for it.  Tasks I might want it to do are wash/put away dishes, pick up and stack books/magazines, put away clothes, take clothes out of hamper and put in dryer.  The instructions for any of these tasks would be too tedious using the current instruction model, and the environment too variable for the robot to successfully perform them.only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2
6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE!Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE!Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE! 4 6 1 4 6 7 5 4 4 4 3 3 6 28 2
2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker). 4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, etc.)pick up objects from the floor  bring items to me (remote, newspaper, etc.) 2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1
80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor and put them into a box or container.I would program it to pick up small objects such as toys off the floor and put them into a box or container.I would program it to pick up small objects such as toys off the floor and put them into a box or container. 1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2
29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family membersstack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was unexpected. I'm quite certain that on the second try I would be able to program this task perfectly.1 4 6 3 6 6 2 2 5 3 6 5 7 39 2
26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2
23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the medication.  Test to see if the stove/oven was left on.  Be able to use a fire extinguisherI lost track of the transfer skill I was supposed to do, but decided to program Pierre to do a "high five" at the end of the session.7 Is there a "happy noise" that you can give Pierre?  Like in Wall-E, or the startup sound on some laptops...1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1
10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks. 2 4 6 6 5 4 7 4 5 6 6 4 4 58 1
8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroomHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridgeFold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.3781411976 2.0439612956 1.2866839377 2.3687784006
1.3165611772 2.0027758514 1.1972189997 2.1213203436
0.9718253158 1.5634719199 2.0548046677 2.162817093

5.1 4.8 6.1 4.5 44.5 55.5
6.2 5.3 6.1 4.5 20 36.5 43.5
6.5 6 5 4.7 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 1.90 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 0.60 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 5.73 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 0.20 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.91
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.84
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 7.66 7.66
35m 10s 700ms 35.18 29.63 11.34 12.26
30m 45s 700ms 30.76 25.03 4.76 5.04
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User manual
Tutorial
Video
Untitled 3
Untitled 4
Untitled 5
Untitled 6
Untitled 7
Untitled 8
Untitled 9
Untitled 10
Untitled 11
Untitled 12
Untitled 13
Untitled 14
Untitled 15
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manual
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error
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Participant 
ID

Condition Invalid 
commands

UNDO Release X 
hand.

Skill N

1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0

17 2 10 1 2 2

20 2 73 1 16 2

22 2 4 1 0 0

28 2 15 0 2 1

32 2 9 6 5 0

34 2 36 4 12 1

7 3 3 2 0 0

8 3 14 8 1 0

10 3 33 7 1 8

19 3 25 3 3 13

23 3 15 12 12 0

24 3 7 4 0 0

26 3 36 1 14 2

29 3 20 0 8 0

30 3 4 4 2

36 3 3 0 0 0

18.40 1.80 3.40 0.89
20.90 1.80 6.40 1.00
16.00 4.10 4.10 2.56

3
3
2

(a)

Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can 
program by demonstration (like you 
did today) in your home. What skills 

would you program on it?

(If you did the second part of 
the experiment) Please 

describe the what you decided 
to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how it failed.Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1
33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavyReaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911 6 7 5 2 7 6 6 7 6 6 7 7 47 1
27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it... 1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1
16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try washing dishes. open the door when the doorbell rings and ask who is at the door. Get the mail perhaps. Massaging one's back is probably difficult to teach and am not sure I trust it enough. :-)Picking up the cloth by the edges was a bit tricky. The left hand locked up when I tried to pick it up the middle. Folding the cloth was not easy - first time it only folded half way. Taking the folded cloth to the edge and then pulling it along the edge seems to be a good idea but didnt have the time to try that out due to the hand lockup issue.6 First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.4 1 1 6 6 1 1 6 6 6 6 7 44 2
14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next gen could be great for all sorts of things  Domestic- Washing dishes/clothes, making beds, lifting heavy things  Lab- working with dangerous/precise chemicals, doing tedious operations all night  Shop- Loading CNC operated machines, sorting and packing materials/ products, deburring  Medical- General nursing jobs, working around very sick people and other biohazards    With this generation model I would probably have it dance and mix drinks. :DI tried to have PR2 make a bed and put the teddy bear to sleep in it. The bed making wasn't so good, but the teddy bear placement and tucking in worked.4 Not precise enough placement of materials (and no available sensors to compensate for margin of error). Program too long and unwieldy. When it didn't work I just decided to move on instead of starting over.1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1
11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes.I tried to program PR2 to pick up a bowl off the table, nest it inside a larger bowl, pick up the larger bowl, and set the nested bowls down on the shelf.4 PR2 picked up the first bowl and nested it into the larger bowl, but was not able to pick them up as a unit in order to move them to the shelf.  I believe I failed to move its right arm into a position that would allow the task to be completed properly.1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2

5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing with objects that are not exactly identical (e.g., cutting fruit, folding laundry, etc.)I programmed the robot to fold the towel in half.  I tried reaching for the far edge and folding it back, but found that it was easier to grab the edge closer to the robot and fold away from the robot.7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2
3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox to bedroom and then discarded mail to trash can.Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over when the PR2 tryed to grasp it. And it did not return it to a standing position.1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2
1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same task for table tops as well.  ie pick up toys and clothing... 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around) 4 6 7 3 1 7 3 2 7 5 3 6 7 51 1
32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop floors, iron clotheswash windows (simple up and down motion with the arms), sweep/mop floors, iron clotheswash windows (simple up and down motion with the arms), sweep/mop floors, iron clothes 2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1
28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath towel (its usually somewhere in teh room) and put it back on the bathroom towel hanger  Collect dirty plates and bring them to teh kitchen  Bring me fruit bowl from the kitchen and then return it to the kitchenfold towel twice. id love to try folding it properly once againfold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1
22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done without some sort of intelligence. Perhaps turning lights on and off since the switches are in fixed positions.Stack two blocks 4 Robot bumped the table slightly reducing the success rateRobot bumped the table slightly reducing the success rateRobot bumped the table slightly reducing the success rate 4 6 6 5 5 7 1 1 7 7 6 7 7 28 2
20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system. 3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1
17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path.I'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path.I'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path. 4 6 2 2 5 7 6 1 7 7 6 7 6 18 2
13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too primitive and there's no space for it.  Tasks I might want it to do are wash/put away dishes, pick up and stack books/magazines, put away clothes, take clothes out of hamper and put in dryer.  The instructions for any of these tasks would be too tedious using the current instruction model, and the environment too variable for the robot to successfully perform them.only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2

6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE!Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE!Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE! 4 6 1 4 6 7 5 4 4 4 3 3 6 28 2
2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker). 4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, etc.)pick up objects from the floor  bring items to me (remote, newspaper, etc.) 2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1
80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor and put them into a box or container.I would program it to pick up small objects such as toys off the floor and put them into a box or container.I would program it to pick up small objects such as toys off the floor and put them into a box or container. 1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2
29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family membersstack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was unexpected. I'm quite certain that on the second try I would be able to program this task perfectly.1 4 6 3 6 6 2 2 5 3 6 5 7 39 2
26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2
23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the medication.  Test to see if the stove/oven was left on.  Be able to use a fire extinguisherI lost track of the transfer skill I was supposed to do, but decided to program Pierre to do a "high five" at the end of the session.7 Is there a "happy noise" that you can give Pierre?  Like in Wall-E, or the startup sound on some laptops...1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1
10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks. 2 4 6 6 5 4 7 4 5 6 6 4 4 58 1

8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroomHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridgeFold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.3781411976 2.0439612956 1.2866839377 2.3687784006
1.3165611772 2.0027758514 1.1972189997 2.1213203436
0.9718253158 1.5634719199 2.0548046677 2.162817093

5.1 4.8 6.1 4.5 44.5 55.5
6.2 5.3 6.1 4.5 20 36.5 43.5
6.5 6 5 4.7 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 1.90 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 0.60 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 0.20 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.91
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.84
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 7.66 7.66
35m 10s 700ms 35.18 29.63 11.34 12.26
30m 45s 700ms 30.76 25.03 4.76 5.04
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Participant 
ID

Condition Invalid 
commands

UNDO Release X 
hand.

Skill N

1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0

17 2 10 1 2 2

20 2 73 1 16 2

22 2 4 1 0 0

28 2 15 0 2 1

32 2 9 6 5 0

34 2 36 4 12 1

7 3 3 2 0 0

8 3 14 8 1 0

10 3 33 7 1 8

19 3 25 3 3 13

23 3 15 12 12 0

24 3 7 4 0 0

26 3 36 1 14 2

29 3 20 0 8 0

30 3 4 4 2

36 3 3 0 0 0

18.40 1.80 3.40 0.89
20.90 1.80 6.40 1.00
16.00 4.10 4.10 2.56

3
3
2

(b)

Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can program by demonstration 
(like you did today) in your home. What skills would you program 

on it?

(If you did the second part of the experiment) Please describe the what 
you decided to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how 
it failed.

Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. 
go to specific resting space. open pill bottle (arthritic hands). find phone 
(recognize phone/search for phone/bring me phone. as previous for 
keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. 
which need two people).

2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1

33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn 

down; dial 911
6 7 5 2 7 6 6 7 6 6 7 7 47 1

27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a 
day? Though I think my dogs would be terrified of it...

1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1

16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try 
washing dishes. open the door when the doorbell rings and ask who is 
at the door. Get the mail perhaps. Massaging one's back is probably 
difficult to teach and am not sure I trust it enough. :-)

Picking up the cloth by the edges was a bit tricky. The left hand locked up 
when I tried to pick it up the middle. Folding the cloth was not easy - first 
time it only folded half way. Taking the folded cloth to the edge and then 
pulling it along the edge seems to be a good idea but didnt have the time to 
try that out due to the hand lockup issue.

6 First try at folding only folded half way. Second try locked 
up left hand in open position. There were some issues 
with understanding the commands spoken into the mic 
soemtimes.

4 1 1 6 6 1 1 6 6 6 6 7 44 2

14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next 
gen could be great for all sorts of things  Domestic- Washing dishes/
clothes, making beds, lifting heavy things  Lab- working with 
dangerous/precise chemicals, doing tedious operations all night  Shop- 
Loading CNC operated machines, sorting and packing materials/ 
products, deburring  Medical- General nursing jobs, working around 
very sick people and other biohazards    With this generation model I 
would probably have it dance and mix drinks. :D

I tried to have PR2 make a bed and put the teddy bear to sleep in it. The 
bed making wasn't so good, but the teddy bear placement and tucking in 
worked.

4 Not precise enough placement of materials (and no 
available sensors to compensate for margin of error). 
Program too long and unwieldy. When it didn't work I just 
decided to move on instead of starting over.

1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1

11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes. I tried to program PR2 to pick up a bowl off the table, nest it inside a larger 
bowl, pick up the larger bowl, and set the nested bowls down on the shelf.

4 PR2 picked up the first bowl and nested it into the larger 
bowl, but was not able to pick them up as a unit in order 
to move them to the shelf.  I believe I failed to move its 
right arm into a position that would allow the task to be 
completed properly.

1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2

5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing 
with objects that are not exactly identical (e.g., cutting fruit, folding 
laundry, etc.)

I programmed the robot to fold the towel in half.  I tried reaching for the far 
edge and folding it back, but found that it was easier to grab the edge 
closer to the robot and fold away from the robot.

7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2

3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox 
to bedroom and then discarded mail to trash can.

Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over 
when the PR2 tryed to grasp it. And it did not return it to 
a standing position.

1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2

1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same 
task for table tops as well.  ie pick up toys and clothing.

.. 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have 
roomba)  make bed  dust  basically most household chores (assuming 
it can move/motor around)

4 6 7 3 1 7 3 2 7 5 3 6 7 51 1

32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop 
floors, iron clothes

2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1

28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath 
towel (its usually somewhere in teh room) and put it back on the 
bathroom towel hanger  Collect dirty plates and bring them to teh 
kitchen  Bring me fruit bowl from the kitchen and then return it to the 
kitchen

fold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1

22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done 
without some sort of intelligence. Perhaps turning lights on and off 
since the switches are in fixed positions.

Stack two blocks 4 Robot bumped the table slightly reducing the success 
rate

4 6 6 5 5 7 1 1 7 7 6 7 7 28 2

20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up 
poop. Make the bed. Turn on the tv and system.

3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1

17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it 

can navigate obstacles in its path.
4 6 2 2 5 7 6 1 7 7 6 7 6 18 2

13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too 
primitive and there's no space for it.  Tasks I might want it to do are 
wash/put away dishes, pick up and stack books/magazines, put away 
clothes, take clothes out of hamper and put in dryer.  The instructions 
for any of these tasks would be too tedious using the current 
instruction model, and the environment too variable for the robot to 
successfully perform them.

only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2

6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my 
laundry...FOR SURE!

4 6 1 4 6 7 5 4 4 4 3 3 6 28 2

2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle 
caps, calling a number on the home phone (and putting it on speaker).

4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, 
etc.)

2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1

80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor 
and put them into a box or container.

1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2

29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family members stack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was 
unexpected. I'm quite certain that on the second try I 
would be able to program this task perfectly.

1 4 6 3 6 6 2 2 5 3 6 5 7 39 2

26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of 

poses and it is seems unable to adapt to the situation, I would basically 
use it to make my friends envious. It will be much more useful once its 
behavior becomes more adaptive.

4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2

23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the 

medication.  Test to see if the stove/oven was left on.  Be able to use a 
fire extinguisher

I lost track of the transfer skill I was supposed to do, but decided to 
program Pierre to do a "high five" at the end of the session.

7 Is there a "happy noise" that you can give Pierre?  Like in 
Wall-E, or the startup sound on some laptops...

1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1

10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it 
in its present form for more delicate tasks.

2 4 6 6 5 4 7 4 5 6 6 4 4 58 1

8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 4 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.38 2.04 1.29 2.37 2.22 1.79 1.86 2.49 4.3 5.8 4.5 3 5.4 5.3 5.8 5.1 5.3 6.3 3
1.32 2.00 1.20 2.12 0.88 1.87 0.84 2.22 6.6 6.4 3.6 2.8 6.6 6.4 3.6 2.8 4.6 6 5.8 3.5 4.1 5.6 3.4
0.97 1.56 2.05 2.16 1.51 1.29 1.70 1.84 4.4 6.1 5.6 2.9 4 5.8888888889 2.4444444444

5.1 4.8 6.1 4.5 2.5 3.1 3.2222222222 4 44.5 55.5
6.2 5.3 6.1 4.5 2.1 3.8 2.6 3.6 20 36.5 43.5
6.5 6 5 4.7 2.6 3.9 4 4.6 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4 Number of 
tech 
support

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3 1

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2 1

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6 1

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4 1

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2 1

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2 1

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2 1

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 2.38 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 1.50 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 5.73 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 2.00 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.85
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.58
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 12.12 7.66 7.66
35m 10s 700ms 35.18 29.63 4.76 11.34 12.26
30m 45s 700ms 30.76 25.03 4.18 4.76 5.04
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Tutorial
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Untitled 3
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Condition Invalid 
commands

UNDO Release X 
hand.

Skill N

1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0

17 2 10 1 2 2

20 2 73 1 16 2

22 2 4 1 0 0

28 2 15 0 2 1

32 2 9 6 5 0

34 2 36 4 12 1

7 3 3 2 0 0

8 3 14 8 1 0

10 3 33 7 1 8

19 3 25 3 3 13

23 3 15 12 12 0

24 3 7 4 0 0

26 3 36 2 14 2
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35 1 1 8.00

36 3 1 10.00

0.60
0.30
0.80
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Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can program by demonstration 
(like you did today) in your home. What skills would you program 

on it?

(If you did the second part of the experiment) Please describe the what 
you decided to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how 
it failed.

Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. 
go to specific resting space. open pill bottle (arthritic hands). find phone 
(recognize phone/search for phone/bring me phone. as previous for 
keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. 
which need two people).

2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1

33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn 

down; dial 911
6 7 5 2 7 6 6 7 6 6 7 7 47 1

27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a 
day? Though I think my dogs would be terrified of it...

1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1

16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try 
washing dishes. open the door when the doorbell rings and ask who is 
at the door. Get the mail perhaps. Massaging one's back is probably 
difficult to teach and am not sure I trust it enough. :-)

Picking up the cloth by the edges was a bit tricky. The left hand locked up 
when I tried to pick it up the middle. Folding the cloth was not easy - first 
time it only folded half way. Taking the folded cloth to the edge and then 
pulling it along the edge seems to be a good idea but didnt have the time to 
try that out due to the hand lockup issue.

6 First try at folding only folded half way. Second try locked 
up left hand in open position. There were some issues 
with understanding the commands spoken into the mic 
soemtimes.

4 1 1 6 6 1 1 6 6 6 6 7 44 2

14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next 
gen could be great for all sorts of things  Domestic- Washing dishes/
clothes, making beds, lifting heavy things  Lab- working with 
dangerous/precise chemicals, doing tedious operations all night  Shop- 
Loading CNC operated machines, sorting and packing materials/ 
products, deburring  Medical- General nursing jobs, working around 
very sick people and other biohazards    With this generation model I 
would probably have it dance and mix drinks. :D

I tried to have PR2 make a bed and put the teddy bear to sleep in it. The 
bed making wasn't so good, but the teddy bear placement and tucking in 
worked.

4 Not precise enough placement of materials (and no 
available sensors to compensate for margin of error). 
Program too long and unwieldy. When it didn't work I just 
decided to move on instead of starting over.

1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1

11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes. I tried to program PR2 to pick up a bowl off the table, nest it inside a larger 
bowl, pick up the larger bowl, and set the nested bowls down on the shelf.

4 PR2 picked up the first bowl and nested it into the larger 
bowl, but was not able to pick them up as a unit in order 
to move them to the shelf.  I believe I failed to move its 
right arm into a position that would allow the task to be 
completed properly.

1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2

5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing 
with objects that are not exactly identical (e.g., cutting fruit, folding 
laundry, etc.)

I programmed the robot to fold the towel in half.  I tried reaching for the far 
edge and folding it back, but found that it was easier to grab the edge 
closer to the robot and fold away from the robot.

7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2

3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox 
to bedroom and then discarded mail to trash can.

Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over 
when the PR2 tryed to grasp it. And it did not return it to 
a standing position.

1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2

1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same 
task for table tops as well.  ie pick up toys and clothing.

.. 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have 
roomba)  make bed  dust  basically most household chores (assuming 
it can move/motor around)

4 6 7 3 1 7 3 2 7 5 3 6 7 51 1

32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop 
floors, iron clothes

2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1

28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath 
towel (its usually somewhere in teh room) and put it back on the 
bathroom towel hanger  Collect dirty plates and bring them to teh 
kitchen  Bring me fruit bowl from the kitchen and then return it to the 
kitchen

fold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1

22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done 
without some sort of intelligence. Perhaps turning lights on and off 
since the switches are in fixed positions.

Stack two blocks 4 Robot bumped the table slightly reducing the success 
rate

4 6 6 5 5 7 1 1 7 7 6 7 7 28 2

20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up 
poop. Make the bed. Turn on the tv and system.

3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1

17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it 

can navigate obstacles in its path.
4 6 2 2 5 7 6 1 7 7 6 7 6 18 2

13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too 
primitive and there's no space for it.  Tasks I might want it to do are 
wash/put away dishes, pick up and stack books/magazines, put away 
clothes, take clothes out of hamper and put in dryer.  The instructions 
for any of these tasks would be too tedious using the current 
instruction model, and the environment too variable for the robot to 
successfully perform them.

only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2

6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my 
laundry...FOR SURE!

4 6 1 4 6 7 5 4 4 4 3 3 6 28 2

2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle 
caps, calling a number on the home phone (and putting it on speaker).

4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, 
etc.)

2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1

80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor 
and put them into a box or container.

1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2

29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family members stack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was 
unexpected. I'm quite certain that on the second try I 
would be able to program this task perfectly.

1 4 6 3 6 6 2 2 5 3 6 5 7 39 2

26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of 

poses and it is seems unable to adapt to the situation, I would basically 
use it to make my friends envious. It will be much more useful once its 
behavior becomes more adaptive.

4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2

23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the 

medication.  Test to see if the stove/oven was left on.  Be able to use a 
fire extinguisher

I lost track of the transfer skill I was supposed to do, but decided to 
program Pierre to do a "high five" at the end of the session.

7 Is there a "happy noise" that you can give Pierre?  Like in 
Wall-E, or the startup sound on some laptops...

1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1

10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it 
in its present form for more delicate tasks.

2 4 6 6 5 4 7 4 5 6 6 4 4 58 1

8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 4 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.38 2.04 1.29 2.37 2.22 1.79 1.86 2.49 4.3 5.8 4.5 3 5.4 5.3 5.8 5.1 5.3 6.3 3
1.32 2.00 1.20 2.12 0.88 1.87 0.84 2.22 6.6 6.4 3.6 2.8 6.6 6.4 3.6 2.8 4.6 6 5.8 3.5 4.1 5.6 3.4
0.97 1.56 2.05 2.16 1.51 1.29 1.70 1.84 4.4 6.1 5.6 2.9 4 5.8888888889 2.4444444444

5.1 4.8 6.1 4.5 2.5 3.1 3.2222222222 4 44.5 55.5
6.2 5.3 6.1 4.5 2.1 3.8 2.6 3.6 20 36.5 43.5
6.5 6 5 4.7 2.6 3.9 4 4.6 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4 Number of 
tech 
support

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3 1

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2 1

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6 1

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4 1

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2 1

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2 1

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2 1

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 2.38 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 1.50 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 5.73 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 2.00 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.85
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.58
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 12.12 7.66 7.66
35m 10s 700ms 35.18 29.63 4.76 11.34 12.26
30m 45s 700ms 30.76 25.03 4.18 4.76 5.04

0
2
4
6
8

10

BaselineTutorial Video

# 
of

 p
ar

tic
ip

an
ts

Skill 1 Skill 2 Skill 3 Skill 4

0

2

4

6

8

Baseline Tutorial Video
Li

ke
rd

-s
ca

le
 ra

tin
g

Skill1 Skill1

1 2 3 4 1 2 3 4 1 2 3 4

Skill1

3.5

7

Baseline Tutorial Video

ra
tin

g

3.5

7

Baseline Tutorial Video

ra
tin

g

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Baseline Tutorial Video

49.5%

22%

28.5%

43.5%

36.5%

20%

55.5%

44.5%

Av
er

ag
e 

pe
rc

en
ta

ge

Baseline Tutorial Video

49.5%

22%

28.5%

43.5%

36.5%

20%

55.5%

44.5%

Av
er

ag
e 

pe
rc

en
ta

ge

Trial&error
User manual
Tutorial
Video
Untitled 3
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Participant 
ID

Condition Invalid 
commands

UNDO Release X 
hand.

Skill N

1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0

17 2 10 1 2 2

20 2 73 1 16 2

22 2 4 1 0 0

28 2 15 0 2 1

32 2 9 6 5 0

34 2 36 4 12 1

7 3 3 2 0 0

8 3 14 8 1 0

10 3 33 7 1 8

19 3 25 3 3 13

23 3 15 12 12 0

24 3 7 4 0 0

26 3 36 2 14 2

29 3 20 0 8 0

30 3 4 4 2

36 3 3 0 0 0

18.40 1.80 3.40 0.89
20.90 1.80 6.40 1.00
16.00 4.20 4.10 2.56

3
3
2

553 139
1.40
2.10
3.79

Participant 
ID

Condition No skills 
created yet

Create skill

1 1 2 5.40

2 2 0

3 1 1 --

5 1 0

6 2 0

7 3 0

8 3 1 2.20

10 3 0

11 1 0

13 2 1 --

14 1 1 2.50

15 2 0

16 1 0

17 2 0

19 3 3 3.20

20 2 0

22 2 0

23 3 1 9.00

24 3 1 --

26 3 0

27 1 0

28 2 0

29 3 0

30 3 1 2.20

31 1 1 20.00

32 2 1 0.00

33 1 0

34 2 1 --

35 1 1 8.00

36 3 1 10.00

0.60
0.30
0.80
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Usefulness
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Completeness
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Rating (median)
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Figure 4: (a) Average time participants spent on the instructional materials and on programming each skill.
(b) Number of participants who successfully programmed the four skills in each condition. Participants’
average rating of the (c) success and (d) difficulty of the four skills they programmed in each condition.

though these were much less efficient than just undoing the
error. For example, when participants accidentally deleted
all the poses they had saved so far (a false positive for the
CLEAR SKILL command) they would start from scratch, of-
ten showing signs of frustration. The participants’ increased
awareness about this functionally in the video condition may
have contributed to their efficiency.

We also observed anecdotal examples illustrating how ig-
norance about the functionality leads to inefficiency. One
participant made the arm stiff every time he wanted to save
a pose—he gave three commands (HOLD R/L ARM – SAVE

POSE – RELEASE R/L ARM) instead of one for each pose,
and as a result progressed very slowly.

Tutorials can be problematic. We observed that tu-
torials were unlikely to be followed until the end (Fig. 5(c)).
This could be partly because people felt it was unneces-
sary and wanted to directly move on to programming the
actual skills rather than programming a practice skill (wav-
ing) as part of the tutorial. Participants in the tutorial con-
dition agreed more strongly that the tutorial had redundant
information (Fig. 5(c)), than the participants in the video
condition did for the same statement regarding the video,
although this difference was not significant.

In addition, speech recognition errors were more problem-
atic in the tutorial condition than they were in other condi-
tions. The tutorial has a certain progression that assumes
errorless speech recognition. Participant are likely to con-
tinue following the step-by-step instructions as they appear
in the tutorial, even though the robot might not be in the
state that it needs to be at each step. They are also less
likely to pay attention to the robot’s response as they follow
these instructions. In our experiment this led to undesirable
consequences like participants trying to move the arm while
it was stiff or saving poses before successfully creating a skill
(which ended up not being saved). Participants who expe-
rienced these problems had worse performance than those
who did not, resulting in a bi-modal distribution in the tuto-
rial condition. This is reflected in the inconsistent progress
and the large performance variance observed in this con-
dition (Fig. 4(a)). Nonetheless, we observe some positive
effects of the tutorial: in comparison to the baseline it sig-
nificantly reduced the time spent programming the first skill
(t(18)=3.16, p<.05) and had marginally fewer tech support
interruptions (t(18)=4.26, p=.054).

Trial-and-error is essential. As mentioned earlier, pro-
gramming the first skill took significantly longer in the base-
line condition as compared to the experimental conditions.
Participants in this condition learned and practiced the dif-

ferent commands while programming the first skill. We ob-
serve that the time they put into exploring the functionality
while programming this simple skill helps them as they move
on to more challenging skills. The time they spent program-
ming the subsequent skills is less and less, despite the fact
that the skills get more and more challenging (Fig. 4(a)).
This points to the importance of trial-and-error in learning
to program the robot.

Both the tutorial and the video made participants efficient
in programming the first skill, however this effect was lost in
more challenging skills. We believe that this was due to the
simplicity of the example used in the video and the tutorial
(a waving action that involves a gripper state change). This
example provides sufficient information for programming the
first skill (simple pick up and place) without needing to un-
derstand the commands in depth. However, as the skill to
be programmed becomes more challenging, the information
gained from the video/tutorial becomes insufficient so peo-
ple spend more time on trial-and-error and referring to the
user manual.

Participants in the baseline condition stated that 45% of
their understanding of the commands came from trial-and-
error on average, while the remaining 55% came from the
user manual (Fig. 5(a)). In the experimental conditions,
the additional instructional material was perceived to have
a significant contribution to the participants’ understanding
(tutorial: 43.5%, video: 49.5%), both more than the other
factors that participants rely on in the baseline. We see that
the video is complemented more by trial-and-error, whereas
the user manual remains more dominant when the primary
source of information is the tutorial. The survey indicated
consistently higher usage of the user manual by participants
in the baseline condition (Fig. 5(b)), however the difference
was significant only for the statement regarding the intro-
ductory paragraph of the manual (χ2=6.38, p<.05).

Uniform and consistent progress with video. The
participants’ rating of the difficulty of programming each
skill was consistent with our intention—people generally felt
that the later skills were more challenging in all conditions
(F(1,26)=14.15, p<.01, Fig. 4(d)). Despite this perception,
participants in the baseline condition spent most time on
the easiest skill (Fig. 4(a)), were more successful in later
skills (Fig. 4(b)), and rated the success of their later skills
as higher (Fig. 4(c)). This pattern was inverted in the
video condition, resulting in a more intuitive outcome—
participants’ perception of the skill difficulty was inversely
correlated with their success and efficiency in programming
the skill. In other words, participants made consistent and
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Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can program by demonstration 
(like you did today) in your home. What skills would you program 

on it?

(If you did the second part of the experiment) Please describe the what 
you decided to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how 
it failed.

Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. 
go to specific resting space. open pill bottle (arthritic hands). find phone 
(recognize phone/search for phone/bring me phone. as previous for 
keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. 
which need two people).

2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1

33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn 

down; dial 911
6 7 5 2 7 6 6 7 6 6 7 7 47 1

27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a 
day? Though I think my dogs would be terrified of it...

1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1

16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try 
washing dishes. open the door when the doorbell rings and ask who is 
at the door. Get the mail perhaps. Massaging one's back is probably 
difficult to teach and am not sure I trust it enough. :-)

Picking up the cloth by the edges was a bit tricky. The left hand locked up 
when I tried to pick it up the middle. Folding the cloth was not easy - first 
time it only folded half way. Taking the folded cloth to the edge and then 
pulling it along the edge seems to be a good idea but didnt have the time to 
try that out due to the hand lockup issue.

6 First try at folding only folded half way. Second try locked 
up left hand in open position. There were some issues 
with understanding the commands spoken into the mic 
soemtimes.

4 1 1 6 6 1 1 6 6 6 6 7 44 2

14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next 
gen could be great for all sorts of things  Domestic- Washing dishes/
clothes, making beds, lifting heavy things  Lab- working with 
dangerous/precise chemicals, doing tedious operations all night  Shop- 
Loading CNC operated machines, sorting and packing materials/ 
products, deburring  Medical- General nursing jobs, working around 
very sick people and other biohazards    With this generation model I 
would probably have it dance and mix drinks. :D

I tried to have PR2 make a bed and put the teddy bear to sleep in it. The 
bed making wasn't so good, but the teddy bear placement and tucking in 
worked.

4 Not precise enough placement of materials (and no 
available sensors to compensate for margin of error). 
Program too long and unwieldy. When it didn't work I just 
decided to move on instead of starting over.

1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1

11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes. I tried to program PR2 to pick up a bowl off the table, nest it inside a larger 
bowl, pick up the larger bowl, and set the nested bowls down on the shelf.

4 PR2 picked up the first bowl and nested it into the larger 
bowl, but was not able to pick them up as a unit in order 
to move them to the shelf.  I believe I failed to move its 
right arm into a position that would allow the task to be 
completed properly.

1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2

5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing 
with objects that are not exactly identical (e.g., cutting fruit, folding 
laundry, etc.)

I programmed the robot to fold the towel in half.  I tried reaching for the far 
edge and folding it back, but found that it was easier to grab the edge 
closer to the robot and fold away from the robot.

7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2

3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox 
to bedroom and then discarded mail to trash can.

Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over 
when the PR2 tryed to grasp it. And it did not return it to 
a standing position.

1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2

1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same 
task for table tops as well.  ie pick up toys and clothing.

.. 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have 
roomba)  make bed  dust  basically most household chores (assuming 
it can move/motor around)

4 6 7 3 1 7 3 2 7 5 3 6 7 51 1

32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop 
floors, iron clothes

2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1

28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath 
towel (its usually somewhere in teh room) and put it back on the 
bathroom towel hanger  Collect dirty plates and bring them to teh 
kitchen  Bring me fruit bowl from the kitchen and then return it to the 
kitchen

fold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1

22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done 
without some sort of intelligence. Perhaps turning lights on and off 
since the switches are in fixed positions.

Stack two blocks 4 Robot bumped the table slightly reducing the success 
rate

4 6 6 5 5 7 1 1 7 7 6 7 7 28 2

20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up 
poop. Make the bed. Turn on the tv and system.

3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1

17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it 

can navigate obstacles in its path.
4 6 2 2 5 7 6 1 7 7 6 7 6 18 2

13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too 
primitive and there's no space for it.  Tasks I might want it to do are 
wash/put away dishes, pick up and stack books/magazines, put away 
clothes, take clothes out of hamper and put in dryer.  The instructions 
for any of these tasks would be too tedious using the current 
instruction model, and the environment too variable for the robot to 
successfully perform them.

only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2

6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my 
laundry...FOR SURE!

4 6 1 4 6 7 5 4 4 4 3 3 6 28 2

2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle 
caps, calling a number on the home phone (and putting it on speaker).

4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, 
etc.)

2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1

80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor 
and put them into a box or container.

1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2

29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family members stack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was 
unexpected. I'm quite certain that on the second try I 
would be able to program this task perfectly.

1 4 6 3 6 6 2 2 5 3 6 5 7 39 2

26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of 

poses and it is seems unable to adapt to the situation, I would basically 
use it to make my friends envious. It will be much more useful once its 
behavior becomes more adaptive.

4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2

23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the 

medication.  Test to see if the stove/oven was left on.  Be able to use a 
fire extinguisher

I lost track of the transfer skill I was supposed to do, but decided to 
program Pierre to do a "high five" at the end of the session.

7 Is there a "happy noise" that you can give Pierre?  Like in 
Wall-E, or the startup sound on some laptops...

1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1

10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it 
in its present form for more delicate tasks.

2 4 6 6 5 4 7 4 5 6 6 4 4 58 1

8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 4 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.38 2.04 1.29 2.37 2.22 1.79 1.86 2.49 4.3 5.8 4.5 3 5.4 5.3 5.8 5.1 5.3 6.3 3
1.32 2.00 1.20 2.12 0.88 1.87 0.84 2.22 6.6 6.4 3.6 2.8 6.6 6.4 3.6 2.8 4.6 6 5.8 3.5 4.1 5.6 3.4
0.97 1.56 2.05 2.16 1.51 1.29 1.70 1.84 4.4 6.1 5.6 2.9 4 5.8888888889 2.4444444444

5.1 4.8 6.1 4.5 2.5 3.1 3.2222222222 4 44.5 55.5
6.2 5.3 6.1 4.5 2.1 3.8 2.6 3.6 20 36.5 43.5
6.5 6 5 4.7 2.6 3.9 4 4.6 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4 Number of 
tech 
support

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3 1

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2 1

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6 1

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4 1

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2 1

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2 1

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2 1

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 2.38 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 1.50 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 5.73 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 2.00 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.85
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.58
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 12.12 7.66 7.66
35m 10s 700ms 35.18 29.63 4.76 11.34 12.26
30m 45s 700ms 30.76 25.03 4.18 4.76 5.04
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User manual
Tutorial
Video
Untitled 3
Untitled 4
Untitled 5
Untitled 6
Untitled 7
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Untitled 11
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Untitled 15
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Participant 
ID

Condition Invalid 
commands

UNDO Release X 
hand.

Skill N

1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0

17 2 10 1 2 2

20 2 73 1 16 2

22 2 4 1 0 0

28 2 15 0 2 1

32 2 9 6 5 0

34 2 36 4 12 1

7 3 3 2 0 0

8 3 14 8 1 0

10 3 33 7 1 8

19 3 25 3 3 13

23 3 15 12 12 0

24 3 7 4 0 0

26 3 36 2 14 2

29 3 20 0 8 0

30 3 4 4 2

36 3 3 0 0 0

18.40 1.80 3.40 0.89
20.90 1.80 6.40 1.00
16.00 4.20 4.10 2.56

3
3
2

553 139
1.40
2.10
3.79

Participant 
ID

Condition No skills 
created yet

Create skill

1 1 2 5.40

2 2 0

3 1 1 --

5 1 0

6 2 0

7 3 0

8 3 1 2.20

10 3 0

11 1 0

13 2 1 --

14 1 1 2.50

15 2 0

16 1 0

17 2 0

19 3 3 3.20

20 2 0

22 2 0

23 3 1 9.00

24 3 1 --

26 3 0

27 1 0

28 2 0

29 3 0

30 3 1 2.20

31 1 1 20.00

32 2 1 0.00

33 1 0

34 2 1 --

35 1 1 8.00

36 3 1 10.00

0.60
0.30
0.80
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Completeness
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Rating (median)
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Video

Overall usage

Introduction

Commands
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Skill1

Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can 
program by demonstration (like you 
did today) in your home. What skills 

would you program on it?

(If you did the second part of 
the experiment) Please 

describe the what you decided 
to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how it failed.Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).open doors (refrigerator, microwave,etc). carry laundry/packages, etc. go to specific resting space. open pill bottle (arthritic hands). find phone (recognize phone/search for phone/bring me phone. as previous for keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. which need two people).2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1
33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavyReaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911Open entrance door/bedroom doors; turn on/off TV; turn TV volumn down; dial 911 6 7 5 2 7 6 6 7 6 6 7 7 47 1
27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it...Feed the dogs? Could you program a time for it to do that 3 times a day? Though I think my dogs would be terrified of it... 1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1
16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try washing dishes. open the door when the doorbell rings and ask who is at the door. Get the mail perhaps. Massaging one's back is probably difficult to teach and am not sure I trust it enough. :-)Picking up the cloth by the edges was a bit tricky. The left hand locked up when I tried to pick it up the middle. Folding the cloth was not easy - first time it only folded half way. Taking the folded cloth to the edge and then pulling it along the edge seems to be a good idea but didnt have the time to try that out due to the hand lockup issue.6 First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.First try at folding only folded half way. Second try locked up left hand in open position. There were some issues with understanding the commands spoken into the mic soemtimes.4 1 1 6 6 1 1 6 6 6 6 7 44 2
14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next gen could be great for all sorts of things  Domestic- Washing dishes/clothes, making beds, lifting heavy things  Lab- working with dangerous/precise chemicals, doing tedious operations all night  Shop- Loading CNC operated machines, sorting and packing materials/ products, deburring  Medical- General nursing jobs, working around very sick people and other biohazards    With this generation model I would probably have it dance and mix drinks. :DI tried to have PR2 make a bed and put the teddy bear to sleep in it. The bed making wasn't so good, but the teddy bear placement and tucking in worked.4 Not precise enough placement of materials (and no available sensors to compensate for margin of error). Program too long and unwieldy. When it didn't work I just decided to move on instead of starting over.1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1
11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes.I tried to program PR2 to pick up a bowl off the table, nest it inside a larger bowl, pick up the larger bowl, and set the nested bowls down on the shelf.4 PR2 picked up the first bowl and nested it into the larger bowl, but was not able to pick them up as a unit in order to move them to the shelf.  I believe I failed to move its right arm into a position that would allow the task to be completed properly.1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2
5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing with objects that are not exactly identical (e.g., cutting fruit, folding laundry, etc.)I programmed the robot to fold the towel in half.  I tried reaching for the far edge and folding it back, but found that it was easier to grab the edge closer to the robot and fold away from the robot.7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2
3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox to bedroom and then discarded mail to trash can.Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over when the PR2 tryed to grasp it. And it did not return it to a standing position.1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2
1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same task for table tops as well.  ie pick up toys and clothing... 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around)load/unload dishwasher  empty trash  sweep (except I already have roomba)  make bed  dust  basically most household chores (assuming it can move/motor around) 4 6 7 3 1 7 3 2 7 5 3 6 7 51 1
32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop floors, iron clotheswash windows (simple up and down motion with the arms), sweep/mop floors, iron clotheswash windows (simple up and down motion with the arms), sweep/mop floors, iron clothes 2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1
28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath towel (its usually somewhere in teh room) and put it back on the bathroom towel hanger  Collect dirty plates and bring them to teh kitchen  Bring me fruit bowl from the kitchen and then return it to the kitchenfold towel twice. id love to try folding it properly once againfold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1
22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done without some sort of intelligence. Perhaps turning lights on and off since the switches are in fixed positions.Stack two blocks 4 Robot bumped the table slightly reducing the success rateRobot bumped the table slightly reducing the success rateRobot bumped the table slightly reducing the success rate 4 6 6 5 5 7 1 1 7 7 6 7 7 28 2
20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system.Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up poop. Make the bed. Turn on the tv and system. 3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1
17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path.I'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path.I'm not entirely sure. Maybe folding clothes...  It depends on how well it can navigate obstacles in its path. 4 6 2 2 5 7 6 1 7 7 6 7 6 18 2
13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too primitive and there's no space for it.  Tasks I might want it to do are wash/put away dishes, pick up and stack books/magazines, put away clothes, take clothes out of hamper and put in dryer.  The instructions for any of these tasks would be too tedious using the current instruction model, and the environment too variable for the robot to successfully perform them.only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2
6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE!Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE!Bring things to me like food while laying on my couch. Fold my laundry...FOR SURE! 4 6 1 4 6 7 5 4 4 4 3 3 6 28 2
2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker).Lifting heavier objects and placing them elsewhere, opening tight bottle caps, calling a number on the home phone (and putting it on speaker). 4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, etc.)pick up objects from the floor  bring items to me (remote, newspaper, etc.) 2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1
80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor and put them into a box or container.I would program it to pick up small objects such as toys off the floor and put them into a box or container.I would program it to pick up small objects such as toys off the floor and put them into a box or container. 1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2
29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family membersstack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was unexpected. I'm quite certain that on the second try I would be able to program this task perfectly.1 4 6 3 6 6 2 2 5 3 6 5 7 39 2
26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.It is hard to say, since the PR2 is basically playing back a series of poses and it is seems unable to adapt to the situation, I would basically use it to make my friends envious. It will be much more useful once its behavior becomes more adaptive.4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2
23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the medication.  Test to see if the stove/oven was left on.  Be able to use a fire extinguisherI lost track of the transfer skill I was supposed to do, but decided to program Pierre to do a "high five" at the end of the session.7 Is there a "happy noise" that you can give Pierre?  Like in Wall-E, or the startup sound on some laptops...1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1
10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks.Moving furniture or large items. I think it would still be difficult to use it in its present form for more delicate tasks. 2 4 6 6 5 4 7 4 5 6 6 4 4 58 1
8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroomHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridgeFold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.3781411976 2.0439612956 1.2866839377 2.3687784006
1.3165611772 2.0027758514 1.1972189997 2.1213203436
0.9718253158 1.5634719199 2.0548046677 2.162817093

5.1 4.8 6.1 4.5 44.5 55.5
6.2 5.3 6.1 4.5 20 36.5 43.5
6.5 6 5 4.7 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 1.90 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 0.60 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 0.20 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.91
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.84
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 7.66 7.66
35m 10s 700ms 35.18 29.63 11.34 12.26
30m 45s 700ms 30.76 25.03 4.76 5.04
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Participant 
ID

Condition Invalid 
commands

UNDO Release X 
hand.

Skill N

1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0

17 2 10 1 2 2

20 2 73 1 16 2

22 2 4 1 0 0

28 2 15 0 2 1

32 2 9 6 5 0

34 2 36 4 12 1

7 3 3 2 0 0

8 3 14 8 1 0

10 3 33 7 1 8

19 3 25 3 3 13

23 3 15 12 12 0

24 3 7 4 0 0

26 3 36 1 14 2

29 3 20 0 8 0

30 3 4 4 2

36 3 3 0 0 0

18.40 1.80 3.40 0.89
20.90 1.80 6.40 1.00
16.00 4.10 4.10 2.56

3
3
2

Participant ID Participant's 
experimental 

condition

Physical 
Demand: How 

physically 
demanding 

was the task?

Temporal 
Demand: How 

hurried or 
rushed was 
the pace of 
the task?

Performance: How 
successful were you in 

accomplishing what 
you were asked to do?

Effort: How 
hard did you 
have to work 
to accomplish 
your level of 

performance?  

Frustration: How 
insecure, 

discouraged, 
irritated, stressed, 
and annoyed were 

you?  

How well do 
you think you 
programmed 

each skill?

How 
challenging 

was it to 
program each 

skill?

trial How much did each of the following 
contribute to your understanding of 

the speech commands? Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each 
of the following 

contribute to your 
understanding of the 
speech commands? 

Please specify 
percentages.

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

How much did each of the following 
contribute to your understanding of 

the speech commands? Please 
specify percentages.

Did the 
function of 
the speech 
commands 
match your 

expectations?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Can you 
recommend 

an alternative 
wording for 
any of the 

commands?

What other functionality would you have liked to 
have while programming new skills on PR2? 
Please provide a command name (e.g. TEST 

MICROPHONE) and a description of its functions 
(e.g. "Use this command to test if the microphone 

is working") for each functionality that you 
suggest.

Assume you had a PR2 that you can program by demonstration 
(like you did today) in your home. What skills would you program 

on it?

(If you did the second part of the experiment) Please describe the what 
you decided to program as the last skill. 

(If you did the second part of 
the experiment) How well did 

the end result match what you 
intended to program as the 

last skill?

Which of the following methods 
do you utilize while learning to 

use a new device (e.g. a 
smartphone, a laptop, a camera, 

a kitchen appliance)?

Please state 
how much 

you agree or 
disagree with 
the following 
statements.

Please rate 
your overall 
interaction 
with PR2 in 
terms of the 

following 
criteria.

Your age: Your gender:

Open-Ended ResponseCondition Skill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingSkill 1: Pick-and-placeSkill 2: Constrained pick-and-placeSkill 3: Pick-up, transfer, and placeSkill 4: Towel foldingTrial-and-error during taskReading the user manual I completed the whole tutorial.The tutorial was useful in giving me an understanding of the speech commands.Some parts of the tutorial were redundant.The tutorial made the user manual unnecessary.Trying to read the tutorial while following it was annoying.Trial-and-error during taskReading the user manualFollowing the tutorial I watched the whole video.The video was useful in giving me an understanding of the speech commands.Some parts of the video were redundant.The video made the user manual unnecessary.Trial-and-error during taskReading the user manualWatching the video TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMANDPlease explain (if any) what you expected differently for the commands that did not match your expectation.I used the user manual extensively.Overall the user manual was accurate.I used the user manual more at the beginning.I carefully read the introductory paragraph of the user manual.I carefully read the descriptions of the speech commands.By the last task I knew all commands by heart.Trying to read the manual while programming PR2 was annoying.TEST MICROPHONERELEASE/HOLD RIGHT/LEFT ARMOPEN/CLOSE RIGHT/LEFT HANDCREATE SKILL SAVE POSE EXECUTE SKILLCLEAR SKILL NEXT/PREVIOUS SKILLUNDO LAST COMMAND 1 2 3 4 5 Open-Ended Response Open-Ended Response If it did not match what you intended, please explain how 
it failed.

Watch youtube videos that describe the functionality of the deviceAsk a friend who has the device to demonstrate its useAsk a friend to be present while you attempt to use the deviceTrial-and-error on my ownCall technical support for the deviceRead the user manual of the deviceOther (please specify)I keep user manuals of devices that I own.I frequently utilize user manuals of devices that I own.Devices should be designed such that they do not require a user manual.Boring (1) -- Interesting (7)Easy (1) -- Difficult (7)Straightforward(1) -- Complicated (7)Unpleasant (1) -- Pleasant (7)Tense (1) -- Calm (7)Artificial (1) -- Natural (7)Uncomfortable (1) -- Comfortable (7)Dull (1) -- Exciting (7)Open-Ended ResponseResponse

35 1 1 1 6 7 6 0 0 7 0 0 0 4 0 80 20 7 7 5 1 0 5 0 6 0 order mof commands was unclear. thought each command was a skill rather than a pose. more instruction needed to explain skill vs pose and create skill timing vs execute skill.7 1 5 7 7 7 release/hold right/left hand  (difficult to remember difference between release/open etc while verbally programming posesstart poses to create skillsave pose/next poseexecute complete skillexecute complete skill undo last pose execute pose (test each pose) open doors (refrigerator, microwave,etc). carry laundry/packages, etc. 
go to specific resting space. open pill bottle (arthritic hands). find phone 
(recognize phone/search for phone/bring me phone. as previous for 
keys. place key in lock/turn key. help fold laundry (i.e. sheets, etc. 
which need two people).

2 4 5 6 in thisn order--demonstration, trial and error, read manual, call tech support6 4 5 7 3 1 5 3 2 4 7 61 1

33 1 2 1 3 2 2 6 6 6 5 4 4 5 6 20 80 7 7 7 6 7 7 7 7 7 I expected the create skill option to save a skill after all the poses were saved, but I had to say "create skill" before saving any poses.7 3 7 7 7 7 1 Reaching for things that are too high or carrying things that are heavy 1 4 6 6 5 3 7 3 2 7 6 1 6 7 22 1
31 1 7 4 2 5 4 7 7 7 2 1 1 7 5 95 7 7 7 7 7 7 7 7 7 6 7 7 7 7 7 1 Test Microphone:  Command "Are you ready" Open entrance door/bedroom doors; turn on/off TV; turn TV volumn 

down; dial 911
6 7 5 2 7 6 6 7 6 6 7 7 47 1

27 1 2 2 2 4 2 7 6 7 4 1 3 2 4 35 65 7 7 7 5 5 6 7 6 0 Unsure whether I was supposed to "create skill" before I started, or after I was complete with the skill. In regards to, "save pose," I was confused about if it was recording movements as I was moving it and saving the whole sequence of movements, or if it would save only the frozen pose and would find its own way to get to that pose. (I assume it was the latter, which would explain the elbow bumps on the table).6 7 6 6 6 5 2 Feed the dogs? Could you program a time for it to do that 3 times a 
day? Though I think my dogs would be terrified of it...

1 4 6 5 2 4 6 2 2 6 5 3 6 6 22 1

16 1 1 1 2 3 2 7 6 7 3 1 2 1 3 70 30 7 5 7 7 7 7 7 7 3 It is not evident initially that one has to say "Release L/R arm" to just make it easy to move the arms around. "Release" is always understood by its complement "Hold". Since initially nothing is being "held" by/of the arm, it is not intuitive to say Release Arm to start with.2 6 7 2 2 7 2 Relax Left/Right Arm is betterRelax Left/Right Arm is better Ability to undo sequences of commands - it is not evident what command we are undoing while executing a skill.Ability to chain skills - like creating groups of poses and then building on them.improving dexturity of "fingers"improving dexturity of "fingers" pickup up clothes from the washer and dump into dryer. perhaps try 
washing dishes. open the door when the doorbell rings and ask who is 
at the door. Get the mail perhaps. Massaging one's back is probably 
difficult to teach and am not sure I trust it enough. :-)

Picking up the cloth by the edges was a bit tricky. The left hand locked up 
when I tried to pick it up the middle. Folding the cloth was not easy - first 
time it only folded half way. Taking the folded cloth to the edge and then 
pulling it along the edge seems to be a good idea but didnt have the time to 
try that out due to the hand lockup issue.

6 First try at folding only folded half way. Second try locked 
up left hand in open position. There were some issues 
with understanding the commands spoken into the mic 
soemtimes.

4 1 1 6 6 1 1 6 6 6 6 7 44 2

14 1 1 1 1 1 1 6 5 7 7 1 3 1 2 25 75 7 7 7 6 7 7 7 6 5 UNDO LAST COMMAND reversed the last command, where I was assuming it would delete it from the skill program (despite the fact the user manual just said it would undo the effect).5 6 6 4 5 6 2 NEXT/PREVIOUS COMMAND - Use this to step through the commands in a skillDELETE COMMAND - Use this to delete previous command from skillMSAVE POSE N - Use this to store a pose for future referenceGOTO POSE N - Use this to go to a previously saved positionCALL SKILL N - Use this to run another skill as a subprogramI don't think I have much use for this generation in the home, but next 
gen could be great for all sorts of things  Domestic- Washing dishes/
clothes, making beds, lifting heavy things  Lab- working with 
dangerous/precise chemicals, doing tedious operations all night  Shop- 
Loading CNC operated machines, sorting and packing materials/ 
products, deburring  Medical- General nursing jobs, working around 
very sick people and other biohazards    With this generation model I 
would probably have it dance and mix drinks. :D

I tried to have PR2 make a bed and put the teddy bear to sleep in it. The 
bed making wasn't so good, but the teddy bear placement and tucking in 
worked.

4 Not precise enough placement of materials (and no 
available sensors to compensate for margin of error). 
Program too long and unwieldy. When it didn't work I just 
decided to move on instead of starting over.

1 2 4 Google for user-created user manuals (the ones that come with products almost always being awful)1 1 5 6 3 2 7 7 5 6 5 22 1

11 1 3 3 2 3 3 4 4 4 4 5 5 5 6 70 30 7 7 7 6 7 7 3 6 0 I thought the command would clear all skills, not just the most recently learned skill.7 6 6 6 5 4 5 create skill sequence?  learn new sequence?  create (or learn) new pattern?save position execute sequence (or skill sequence)clear last sequenceclear last sequence clear all skills (or sequences or patterns) Would love it if PR2 could clean the catboxes. I tried to program PR2 to pick up a bowl off the table, nest it inside a larger 
bowl, pick up the larger bowl, and set the nested bowls down on the shelf.

4 PR2 picked up the first bowl and nested it into the larger 
bowl, but was not able to pick them up as a unit in order 
to move them to the shelf.  I believe I failed to move its 
right arm into a position that would allow the task to be 
completed properly.

1 2 3 4 6 6 5 5 7 4 4 6 4 2 5 58 2

5 1 1 1 2 3 1 6 6 7 7 3 3 2 4 40 60 7 7 7 7 7 6 7 0 7 I was looking for some command to tell the robot to go to a "starting" position.  After asking for help, I understand that you can start a skill with a Save Pose.    Also, I expected there to be a "Save Skill" or "End Skill" command6 6 7 6 7 6 2 Didn't see the need for thisDidn't see the need for this Save Skill or End SKill - to say that you are done with the current skillMultiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.Multiple Undo's - it seems like the undo was only one level.  If you undo and undo, it goes back to where you were.???  Not sure because most of the household tasks involve dealing 
with objects that are not exactly identical (e.g., cutting fruit, folding 
laundry, etc.)

I programmed the robot to fold the towel in half.  I tried reaching for the far 
edge and folding it back, but found that it was easier to grab the edge 
closer to the robot and fold away from the robot.

7 2 4 6 5 3 3 7 2 2 5 6 2 6 5 46 2

3 1 6 6 2 6 5 6 5 5 7 2 4 3 1 50 50 7 6 6 7 6 7 6 6 0 2 6 5 4 4 7 6 Robot says "I can hear you"no no no no Which skill 7,8, or 9?  Execute skill 9, Execute containerWhich skill? Call out skill Touch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cmTouch an obsticle with the gripper and say "avoid" and it will avoid it by 20cm Take laundry from bedroom to laundry room. Take mail from dropbox 
to bedroom and then discarded mail to trash can.

Beat a bear on the head with the plastic bowling pin. 6 The pin was not in the exact same place so it fell over 
when the PR2 tryed to grasp it. And it did not return it to 
a standing position.

1 4 5 6 6 2 7 6 4 4 4 2 3 5 7 35 2

1 1 4 2 2 6 5 2 3 4 6 7 6 6 7 50 50 7 6 6 6 6 6 4 4 0 6 5 2 2 3 7 6 can you hear me?'  Response - 'Yes I can hear you'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax'just say 'Release'  or 'Relax' say 'erase skill 2'Say 'skill 1'  or 'skill 2'  in lieu of next or previousSay 'skill 1'  or 'skill 2'  in lieu of next or previousFreeze position'  use this when the hand is horizontal and wants to fall after put into a positionStop'  use this when you make a mistake in teaching (example, arm hits or starts pushing the table)Processing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestProcessing'  perhaps something that tells you PR2 is thinking to validate your requestclear items off the floor and put into a standard open box.  Do the same 
task for table tops as well.  ie pick up toys and clothing.

.. 4 2 4 6 7 3 7 7 5 5 7 5 5 6 7 34 2

34 2 1 5 6 5 2 7 7 7 0 2 6 3 7 5 3 5 1 6 5 90 5 7 6 6 7 7 7 7 7 on a few occasions, I mispoke, using "ope" and "release" interchangeably (as well as "close" and "hold") ...more disparate terminology might help--or use one term to do both5 7 7 6 6 7 5 move and lock erase or delete rewrite pose X...use this command to change parts of skill without clearing the entire skill (although poses would have to be numbered)view skill -use this command to look at pattern of poses on monitorstop execution-use this command to stop execution at certain point and rewrite poses after that point (i.e., provide an easier fix than starting from the beginning for each task)step commands-use this command to execute stepsof skill one at a time and then delete/edit movements/poses rather than start from scratchmotor left/right-use this command to slide (i.e., walk) to left or rightload/unload dishwasher  empty trash  sweep (except I already have 
roomba)  make bed  dust  basically most household chores (assuming 
it can move/motor around)

4 6 7 3 1 7 3 2 7 5 3 6 7 51 1

32 2 2 1 5 2 2 6 3 6 4 2 6 2 3 5 6 4 4 4 10 10 80 6 6 6 6 6 6 6 0 6 4 6 5 3 6 6 4 let go right/left armrelease/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.release/close right/left hand-I forgot and used this wording at one point, and was caught off guard when the robot did not respond to this.delete last commanddelete last command wash windows (simple up and down motion with the arms), sweep/mop 
floors, iron clothes

2 3 4 6 6 3 4 3 2 6 6 1 4 6 25 1

28 2 1 2 5 2 1 3 3 7 5 4 4 4 4 6 6 4 5 1 20 5 75 7 7 7 6 6 6 7 7 0 He didnt understand some of the things i was saying4 4 5 1 2 7 1 i think he sometimes confused my "save pose" for "close hand". Maybe just "save"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"?i probably has problems pronouncing execute. Maybe just "show skill"? Pick up my shoes from the floor and put them on the rack  Find bath 
towel (its usually somewhere in teh room) and put it back on the 
bathroom towel hanger  Collect dirty plates and bring them to teh 
kitchen  Bring me fruit bowl from the kitchen and then return it to the 
kitchen

fold towel twice. id love to try folding it properly once again 4 6 1 1 3 7 2 2 7 7 7 7 7 27 1

22 2 2 1 2 3 1 7 7 6 6 2 3 2 5 7 7 5 5 7 25 25 50 7 7 7 7 7 7 7 7 7 6 7 7 6 7 7 6 Cancel Execution Go to pose 1 I can not think of any tasks that are so repetitive it could be done 
without some sort of intelligence. Perhaps turning lights on and off 
since the switches are in fixed positions.

Stack two blocks 4 Robot bumped the table slightly reducing the success 
rate

4 6 6 5 5 7 1 1 7 7 6 7 7 28 2

20 2 2 3 5 7 6 7 7 6 2 3 3 3 0 3 6 2 1 4 50 30 20 7 6 6 6 6 6 7 7 7 Sometimes I had to repeat the command to get the response done correctly.6 6 6 3 6 5 6 Do the dishes. Blow dry my hair. Vacuum. Walk the dog and pick up 
poop. Make the bed. Turn on the tv and system.

3 4 6 7 5 5 6 5 3 5 5 5 5 6 50 1

17 2 2 1 4 3 4 5 3 3 4 1 5 3 2 2 6 4 2 4 5 85 10 7 7 7 6 7 3 7 5 I expected clear skill to delete the skill6 6 5 2 2 2 2 FIRST/LAST SKILL "Switch to first or last skill" Delete skill "Delete the current skill"Delete skill "Delete the current skill"Delete skill "Delete the current skill" 4 5 2 5 7 2 1 7 7 6 7 7 19 2
15 2 1 1 2 2 4 7 7 6 6 1 1 1 2 5 6 7 4 1 0 20 80 7 7 7 7 7 7 7 7 7 2 7 7 2 2 7 2 PREVIOUS/NEXT POSE (allows user to cycle through the poses in the skill)DELETE CURRENT POSE (removes the current pose in the skill, this allows the middle of skills to be edited when used in combination with suggestion 1)UNDO LAST POSE (removes the last pose in the skill, somewhat redundant with suggestion 2.  It would make editing the skills faster than cycling through UNDO LAST COMMAND)a confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidenta confirmation question when clearing a skill, occaisionally I was misheard and the skill was cleared by accidentI'm not entirely sure. Maybe folding clothes...  It depends on how well it 

can navigate obstacles in its path.
4 6 2 2 5 7 6 1 7 7 6 7 6 18 2

13 2 3 1 2 2 3 6 6 6 6 2 2 3 3 2 5 4 2 4 40 40 20 7 7 7 5 7 7 5 6 0 It seemed that create skill would create a new skill even if current one was empty, but perhaps I was just confused and said something else.  create skill did not let me name the skill for later reference. create skill would reposition the 'skill cursor' at the end of the list, so previous would be the next-to-last skill again.  clear skill did not delete the skill, as I expected  next/previous skill was ok but very slow when walking through the skills.  i thought perhaps there was a way to move by greater amounts.  prompting by the robot would have helped.6 6 5 5 3 3 3 can you hear me; hello; testrelax/hold your right arm/your left arm/your arms/this armadd 'this' hand and degrees of open (half way, part way)learn a new skillwait here (don't like the chain-of-poses model, though)do what I showed youforget that skill (don't like the cursor model, named skills are better)oops; lets try that again; lets restart; go backfollow me - let me move the arm through an arc and have it track waypoints, also open/close hand.what do you know how to do - robot lists skills it's learned that are appropriate to its current contextrobot, <skill name> - execute named skillstop - stop performing skill and wait at current point for more guidancecontinue - continue executing skill from current pointWouldn't work for me today because the command level is too 
primitive and there's no space for it.  Tasks I might want it to do are 
wash/put away dishes, pick up and stack books/magazines, put away 
clothes, take clothes out of hamper and put in dryer.  The instructions 
for any of these tasks would be too tedious using the current 
instruction model, and the environment too variable for the robot to 
successfully perform them.

only did one part. 4 6 3 5 6 2 2 6 7 1 5 5 53 2

6 2 2 3 2 5 4 7 7 7 5 2 2 3 7 5 7 5 1 3 25 50 25 7 7 6 5 4 7 5 4 6 I thought clear skill would also delete it. It became a bit clutter with new skills being created, I was worrying that if asked to show the skills I would struggle to find which ones I had set up. Also sometimes I would save a pose and instead it would create a new skill...5 5 6 5 4 5 3 UNDO LAST POSE OR ACTIONVisual UI or guidance of the progress Bring things to me like food while laying on my couch. Fold my 
laundry...FOR SURE!

4 6 1 4 6 7 5 4 4 4 3 3 6 28 2

2 2 3 1 2 3 2 7 3 7 7 2 6 2 3 3 6 5 5 2 20 10 70 7 6 7 7 7 7 7 7 7 The release/hold command would not immediately make me think it is about releasing the arm for mobility or holding it in place, but once I read it I understood its meaning.2 6 5 2 3 7 2 Free/Hold Right/Left ArmFree/Hold Right/Left Arm Test skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skillTest skill: run through parts of the skill that have been learned so far, but not forcing the user to end the skill Lifting heavier objects and placing them elsewhere, opening tight bottle 
caps, calling a number on the home phone (and putting it on speaker).

4 6 5 1 3 7 3 2 6 5 6 6 6 26 1

36 3 2 2 3 6 2 6 5 6 3 4 6 5 6 5 6 1 3 50 30 20 6 6 6 7 7 7 7 6 0 5 6 5 6 5 6 2 delete skill pick up objects from the floor  bring items to me (remote, newspaper, 
etc.)

2 5 6 7 6 3 7 3 3 7 6 4 6 7 63 1

80 3 3 1 2 3 2 7 6 6 5 1 3 4 5 7 6 3 4 10 20 70 7 7 7 7 7 7 7 0 3 I thought using undo last command would allow me to sequentially delete a pose starting from newest to oldest pose but it seemed that it was deleting and then show me the next pose in the command stack to be deleted.  I wasn't expecting it to show me the pose prior to deletion.3 6 3 2 4 6 2 save start delete pose release both arms:  use this command to release both arms at the same timeopen/close both hands:  use this command to open/close both hands at the same timenext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesnext/previous pose:  use this command to navigate between posesI would program it to pick up small objects such as toys off the floor 
and put them into a box or container.

1 4 6 7 4 7 7 3 1 7 5 6 7 7 40 2

29 3 4 5 1 3 2 7 7 7 6 2 3 3 4 7 7 5 6 5 5 90 7 7 7 7 7 7 7 0 0 2 6 6 1 1 6 2 test mike delete all posesdelete all poses name skill list skills number of posesnumber of poses serve forks and spoons on the table for all our 4 family members stack Lego pieces on top of each other 3 The robot collided with the Lego blocks and it was 
unexpected. I'm quite certain that on the second try I 
would be able to program this task perfectly.

1 4 6 3 6 6 2 2 5 3 6 5 7 39 2

26 3 3 5 3 5 3 6 6 6 5 5 5 5 5 7 6 3 1 50 25 25 7 6 3 5 6 6 6 5 0 Right arm fell down when I attempted to save it in a pose.  The left arm did not.   Not sure that I still understand all of the proces, but with another 30-45 minnutes of practice, then I am sure that I would do much better.  There are subtile aspects to the ordering of of poses and actions that take time to learn. It was pretty easy to place the arm and hand where I wanted them. Getting the hands to close and grab the towel was a bit of challenge. The towel slipped on the surface so it was tricky to get it to work. The light on the microphone control was impossible for me to  see the difference between red and green - larger light or brighter light or two lights with one labeled On.6 6 6 2 5 5 3 Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Increase volume of video. (it was at full, but I had difficulty hearing the video) I could hear the PR2 talking to me at all times.Nothing jumps to mind. 1 2 4 5 6 Record what I have done and go back and review.5 2 6 7 4 5 5 5 4 5 70 2
24 3 1 1 2 2 2 7 7 5 7 1 2 3 4 5 6 5 3 50 25 25 7 7 7 7 7 7 7 7 3 When you use the undo last command, the audible feedback doesn't match the command.    Ex. "Undo Last Command" - PR2: "Open Left Hand"  Did the robot misunderstand me or was my last command Close Left Hand?    It would be better if it said "Undo Last Command (pause) Open Left Hand"4 6 6 1 1 6 4 Since you can only use the hold command on the arms, "Hold Left" and "Hold Right" would be a useful shortcut.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient.Same as above, since you can only open and close the hands, "Close Left" and "Close Right" would be more efficient."Undo Last", "Command" is implicit"Hold/Release Both Arms" to hold/relese both arms "Open/Close Both Hands" to open/close both handsA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedA companion phone/tablet app to review commands and change them when voice recognition doesn't work as intendedIt is hard to say, since the PR2 is basically playing back a series of 

poses and it is seems unable to adapt to the situation, I would basically 
use it to make my friends envious. It will be much more useful once its 
behavior becomes more adaptive.

4 Today was the first time in years that I read a manual. Trial-and-error is too much fun to pass on.1 1 4 7 2 2 5 7 5 5 7 33 2

23 3 1 3 2 5 3 7 6 4 0 2 4 5 0 7 7 7 1 10 20 70 7 7 7 7 7 7 7 7 7 There were times at which PR2 heard the stated command incorrectly, which made it a bit confusing (and frustrating).5 7 6 6 7 7 2 Release/Hold Right/Left Hand (to keep it consistent with the arm commands)Create New SkillCreate New Skill Clear Entire SkillClear Entire Skill Programming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skillProgramming Complete - to indicate that you are finished programming a particular skill folding laundry 1 2 4 6 7 4 3 6 4 3 5 6 3 6 4 30 1
19 3 1 4 1 2 1 7 7 0 7 2 3 0 5 7 7 2 3 25 25 50 6 7 7 5 7 7 2 7 I found that the microphone did not pick up the "execute skill" command.  I was surprised when a skill had started or stopped.  the counting of the skills was helpful to keep track of when a new skill had been initiated, completed.5 6 6 1 4 6 1 "can you hear me?"loosen your armloosen your arm a new task remember this position"perform the task""erase what we just did""let's create another task""let's create another task" functionality to name the robot.  I called my robot Pierre  rather than PR2hello functionality to be more interactivethank you functionalitythank you functionality Get the paper and mail.  Bring out the trash.  Remember to put out the 

medication.  Test to see if the stove/oven was left on.  Be able to use a 
fire extinguisher

I lost track of the transfer skill I was supposed to do, but decided to 
program Pierre to do a "high five" at the end of the session.

7 Is there a "happy noise" that you can give Pierre?  Like in 
Wall-E, or the startup sound on some laptops...

1 2 4 6 6 4 3 7 2 2 4 7 2 6 7 54 1

10 3 4 2 3 4 2 4 2 4 3 4 5 4 5 7 7 4 2 35 30 35 4 4 4 4 4 4 2 3 3 I did not master the creation and deletion of skills very well.5 6 5 5 5 5 Clear All Skills Start Over Moving furniture or large items. I think it would still be difficult to use it 
in its present form for more delicate tasks.

2 4 6 6 5 4 7 4 5 6 6 4 4 58 1

8 3 2 2 2 4 2 7 7 7 6 4 5 6 7 7 5 4 3 50 20 30 7 7 7 7 7 7 5 0 7 PR2 didn't comprehend some of the commands correctly due to my speech.5 5 7 2 3 6 5 CLEAR SKILL # or CLEAR SKILL ALL SKILL # - to know which skill I'm inAPPEND SKILL - add commands to a skill after it executed the skillCREATE SKILL name - able to name the skillEXECUTE SKILL nameHow to do the laundry, vacumn, clean the bathroom 1 4 6 6 3 6 7 3 4 7 5 3 6 7 62 1
7 3 2 3 1 4 3 7 7 5 5 1 3 5 5 7 7 2 2 0 20 80 7 5 7 7 3 6 7 7 7 I did not expect the save pose command to save the actions that were done by the hand i just thought it would be the status of the hand. Execute skill took the quickest path to a pose, which i didn't expect at first and it caused the arm to knock into the table.4 7 6 3 5 1 Undo last pose?Show last command - demonstrate the previous commandShow last command - demonstrate the previous command Fold laundry, make bed, get things from fridge Google it, read not watch video2 2 3 6 2 2 5 7 3 4 6 22 2

2 1.5 2 3.5 2.5 6 5.5 7 4.5 1.5 3 3 4 7 7 7 6 7 7 7 6 1.5 6 6 6 6 5.5 7 2 4 6 3 5 7 3 2 6 5.5 3 6 7 39.56666667
2 1 3 3 2.5 7 6.5 6 5 2 3.5 3 3 5 6 4.5 3 4 7 7 7 6 7 7 7 7 6.5 5 6 5.5 3 3.5 6.5 3 5 3 5 7 3 2 6.5 6.5 5.5 6 6 15.52902362
2 2.5 2 4 2 7 6.5 5.5 5 2 3.5 4.5 5 7 6.5 3.5 3 7 6.5 3.5 3 7 7 7 7 7 7 7 4 3 5 6 6 2 4.5 6 2 6 3.5 4 7 3 2.5 5 6 4 5.5 7

2.38 2.04 1.29 2.37 2.22 1.79 1.86 2.49 4.3 5.8 4.5 3 5.4 5.3 5.8 5.1 5.3 6.3 3
1.32 2.00 1.20 2.12 0.88 1.87 0.84 2.22 6.6 6.4 3.6 2.8 6.6 6.4 3.6 2.8 4.6 6 5.8 3.5 4.1 5.6 3.4
0.97 1.56 2.05 2.16 1.51 1.29 1.70 1.84 4.4 6.1 5.6 2.9 4 5.8888888889 2.4444444444

5.1 4.8 6.1 4.5 2.5 3.1 3.2222222222 4 44.5 55.5
6.2 5.3 6.1 4.5 2.1 3.8 2.6 3.6 20 36.5 43.5
6.5 6 5 4.7 2.6 3.9 4 4.6 28.5 22 49.5

Participant 
ID

Condition Participant 
ID

Name Condition Gender Skill 1 Skill 2 Skill 3 Skill 4 Time spent 
on material

Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 1 Skill 2 Skill 3 Skill 4 Skill 1 Skill 2 Skill 3 Skill 4 Number of 
tech 
support

1 1
3 1
5 1
11 1
14 1
16 1
27 1
31 1
33 1
35 1
2 2
6 2
13 2
15 2
17 2
20 2
22 2
28 2
32 2
34 2
7 3
8 3
10 3
19 3
23 3
24 3
26 3
29 3
30 3
36 3

1 Jeff 1 M 1 1 1 1 0 27m 13s 32m 27s 43m 20s 49m 14s 49.23 49.23 27.22 27m 13s 5m 14s 10m 53s 5m 54s 0.55 0.11 0.22 0.12 1.00 3 1

3 Dave 1 M 1 1 0 1 0 4m 36s 8m 40s 8m 40s 29m 6s 29.10 29.10 4.60 4m 36s 4m 4s N/A 20m 26s 0.16 0.14 N/A 0.70 1.00 1 1

5 Irv 1 M 1 1 1 1 0 10m 26s 18m 2s 23m 48s 31m 8s 31.13 31.13 10.43 10m 26s 7m 36s 5m 46s 7m 20s 0.34 0.24 0.19 0.24 1.00 1 1

11 Craig 1 M 1 1 1 1 0 9m 35s 16m 20s 18m 40s 26m 17s 26.28 26.28 9.58 9m 35s 6m 45s 2m 20s 7m 37s 0.36 0.26 0.09 0.29 1.00 1 1

14 Elizabeth 1 F 1 1 1 1 0 5m 23s 12m 2s 14m 13s 19m 22s 19.37 19.37 5.38 5m 23s 6m 39s 2m 11s 5m 9s 0.28 0.34 0.11 0.27 1.00 0 0

16 Vijay 1 M 0 1 1 0 0 8m 2s 21m 30s 24m 4s 32m 41s 32.68 32.68 8.03 8m 2s 13m 28s 2m 34s 8m 37s 0.25 0.41 0.08 0.26 1.00 2 1

27 Tiana 1 F 1 1 1 1 0 10m 20s 17m 16s 23m 8s 28m 56s 28.93 28.93 10.33 10m 20s 6m 56s 5m 52s 5m 48s 0.36 0.24 0.20 0.20 1.00 0 0

31 Amy 1 F 0 0 1 0 0 10m 24s 15m 48s 23m 24s 33m 40s 33.67 33.67 10.40 10m 24s 5m 24s 7m 36s 10m 16s 0.31 0.16 0.23 0.30 1.00 6 1

33 Jessica 1 F 0 1 1 1 0 13m 49s 22m 6s 25m 43s 32m 20s 32.33 32.33 13.82 13m 49s 8m 17s 3m 37s 6m 37s 0.43 0.26 0.11 0.20 1.00 1 1

35 Stephanie 1 F 1 0 1 0 0 21m 26s 26m 46s 26m 46s 26m 46s 26.77 26.77 21.43 21m 26s 5m 20s N/A N/A 0.80 0.20 0 0 1.00 4 1

2 Rina 2 F 0 1 1 1 8m 23s 14m 16s 28m 24s 30m 57s 40m 56s 40.93 32.55 5.88 5m 53s 14m 8s 2m 33s 9m 59s 0.20 0.14 0.35 0.06 0.24 1.00 0 0

6 Cesar 2 M 1 1 1 1 1m 30s 8m 19s 14m 29s 29m 23s 57m 26s 57.43 55.93 6.82 6m 49s 6m 10s 14m 54s 28m 3s 0.03 0.12 0.11 0.26 0.49 1.00 2 1

13 Doug 2 M 1 1 1 1 2m 25s 6m 19s 9m 30s 14m 45s 20m 10s 20.17 17.75 3.90 3m 54s 3m 11s 5m 15s 5m 25s 0.12 0.19 0.16 0.26 0.27 1.00 1 1

15 William 2 M 1 1 1 1 3m 41s 6m 11s 10m 35s 14m 5s 24m 9s 24.15 20.47 2.50 2m 30s 4m 24s 3m 30s 10m 4s 0.15 0.10 0.18 0.14 0.42 1.00 0 0

17 Alejandro 2 M 1 0 0 1 3m 2s 7m 8s 15m 40s 23m 18s 36m 39s 36.65 33.62 4.10 4m 6s 8m 32s 7m 38s 13m 21s 0.08 0.11 0.23 0.21 0.36 1.00 0 0

20 Carolyn 2 F 0 0 0 0 6m 18s 13m 9s 18m 20s 18m 20s 34m 38s 34.63 28.33 6.85 6m 51s 5m 11s N/A 16m 18s 0.18 0.20 0.15 0 0.47 1.00 0 0

22 Bradon 2 M 1 1 1 1 8m 22s 10m 48s 15m 41s 17m 59s 22m 30s 22.50 14.13 2.43 2m 26s 4m 53s 2m 18s 4m 31s 0.37 0.11 0.22 0.10 0.20 1.00 0 0

28 Irina 2 F 0 0 1 1 8m 58s 13m 43s 19m 46s 23m 59s 31m 40s 31.67 22.70 4.75 4m 45s 6m 3s 4m 13s 7m 41s 0.28 0.15 0.19 0.13 0.24 1.00 0 0

32 Christine 2 F 1 0 1 1 8m 42s 11m 1s 25m 59s 30m 10s 38m 54s 38.90 30.20 2.32 2m 19s 14m 58s 4m 11s 8m 44s 0.22 0.06 0.38 0.11 0.22 1.00 2 1

34 Katherine 2 F 1 1 0 0 4m 8s 12m 8s 22m 11s 27m 10s 44m 45s 44.75 40.62 8.00 8m 10m 3s 4m 59s 17m 35s 0.09 0.18 0.22 0.11 0.39 1.00 1 1

7 Corey 3 M 1 1 1 1 4m 21s 7m 9s 13m 50s 29m 24s 38m 40s 38.67 34.32 2.80 2m 48s 6m 41s 15m 34s 9m 16s 0.11 0.07 0.17 0.40 0.24 1.00 0 0

8 Marge 3 F 1 1 1 1 9m 9s 11m 21s 17m 26s 24m 56s 30m 32s 30.53 21.38 2.20 2m 12s 6m 5s 7m 30s 5m 36s 0.30 0.07 0.20 0.25 0.18 1.00 0 0

10 June 3 F 1 1 1 1 8m 1s 12m 37s 19m 52s 24m 17s 28m 30s 28.50 20.48 4.60 4m 36s 7m 15s 4m 25s 4m 13s 0.28 0.16 0.25 0.15 0.15 1.00 0 0

19 Patrizia 3 F 1 1 0 1 4m 51s 10m 1s 17m 13s 17m 13s 26m 6s 26.10 21.25 5.17 5m 10s 7m 12s N/A 8m 53s 0.19 0.20 0.28 0 0.34 1.00 0 0

23 Heather 3 F 1 1 1 0 7m 24s 10m 22s 16m 25s 35m 48s 35m 48s 35.80 28.40 2.97 2m 58s 6m 3s 19m 23s N/A 0.21 0.08 0.17 0.54 0 1.00 0 0

24 Rod 3 M 1 1 1 1 5m 38s 10m 7s 13m 5s 26m 47s 31m 16s 31.27 25.63 4.48 4m 29s 2m 58s 13m 42s 4m 29s 0.18 0.14 0.09 0.44 0.14 1.00 0 0

26 Chuck 3 M 1 1 1 1 5m 39s 8m 40s 13m 5s 20m 45s 29m 27s 29.45 23.80 3.02 3m 1s 4m 25s 7m 40s 8m 42s 0.19 0.10 0.15 0.26 0.30 1.00 2 1

29 Alex 3 M 1 1 1 1 4m 12s 7m 13s 12m 46s 18m 43s 23m 18s 23.30 19.10 3.02 3m 1s 5m 33s 5m 57s 4m 35s 0.18 0.13 0.24 0.26 0.20 1.00 0 0

30 Albert 3 M 1 1 1 1 4m 1s 8m 44s 17m 1s 22m 19s 28m 14s 28.23 24.22 4.72 4m 43s 8m 17s 5m 18s 5m 55s 0.14 0.17 0.29 0.19 0.21 1.00 0 0

36 Carol 3 F 1 1 1 1 4m 2s 12m 52s 22m 37s 32m 11s 35m 46s 35.77 31.73 8.83 8m 50s 9m 45s 9m 34s 3m 35s 0.11 0.25 0.27 0.27 0.10 1.00 0 0

Skill 1 Skill 2 Skill 3 Skill 4
10 Baseline 7 8 9 7 12m 7s 400ms 6m 58s 300ms 5m 6s 125ms 8m 38s 222ms 0s 12.12 6.97 5.10 8.64 0.38 0.24 0.14 0.26 2.38 8

10 Tutorial 7 6 7 8 5m 32s 900ms 4m 45s 300ms 7m 45s 300ms 5m 30s 111ms 12m 10s 100ms 5.55 4.76 7.76 5.50 12.17 0.17 0.14 0.22 0.14 0.33 1.50 4

10 Video 10 10 9 9 5m 43s 800ms 4m 10s 800ms 6m 25s 400ms 9m 53s 667ms 6m 8s 222ms 5.73 4.18 6.42 9.89 6.14 0.19 0.14 0.21 0.28 0.19 2.00 1

= 7m 5s 13ms 2m 36s 294ms 3m 3s 549ms 4m 41s 689ms 2.24 0.82 1.08 1.56 0.18 1.85
11m 20s 112ms 2m 3s 326ms 4m 5s 772ms 3m 51s 956ms 7m 2s 21ms 3.58 0.65 1.30 1.29 2.22 0.04 0.58
4m 45s 564ms 1m 55s 217ms 1m 54s 671ms 5m 10s 448ms 2m 13s 492ms 1.51 0.61 0.60 1.72 0.74 0.06 0.63

30m 57s 30.95 30.95 12.12 7.66 7.66
35m 10s 700ms 35.18 29.63 4.76 11.34 12.26
30m 45s 700ms 30.76 25.03 4.18 4.76 5.04
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commands
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1 1 23 3 2 1

3 1 6 0 0 0

5 1 9 2 2 0

11 1 8 0 1 2

14 1 19 4 1 0

16 1 20 3 4 1

27 1 11 0 3 0

31 1 67 2 5 4

33 1 5 2 2 0

35 1 16 2 14

2 2 7 0 2 0

6 2 23 1 5 3

13 2 9 0 0 1

15 2 23 4 20 0
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Figure 5: (a) The average contribution of the instructional materials and trial-and-error to the participants’
understanding of the commands based on their self-assessment. Participants’ self-reported usage of the (b)
user manual in all three conditions and (c) tutorial or video in corresponding conditions.

uniform progress, learning more about the functionality as
it was needed, as opposed to making most of the progress at
the beginning. We believe that the slow progress at the be-
ginning in the baseline may result in frustration that might
be problematic in other contexts. In our experiment, this
was manifested as an increased number of technical support
requests.

6.2 System evaluation
The user study demonstrates the success of our system

in enabling novice users to program new skills on a robot
completely on their own. We saw that all participants in
the video condition successfully programmed the first two
skills and only one participant failed in the following two
skills. Only one participant in this condition required tech-
nical support. Nine out of the 30 participants also had the
opportunity to program a skill that they wanted—this in-
cluded stacking bowls, high-five, assembling lego bricks, and
putting a teddy bear to sleep. The system was also suc-
cessful at capturing individual variations. Participants pro-
grammed various ways of folding a towel—grasping it from
the middle versus the edge (Fig. 1), using the edge of the ta-
ble to lay the towel versus using motion dynamics, etcetera.

The study also provided design feedback about different
elements of the system interface, that are consistent with the
literature and provide insights into how the system could be
improved. Some observations relating to this point are given
in the following5. Addressing some of these issues in the in-
terface are important especially given our finding about the
importance of trial-and-error in learning the functionality.

Appropriate feedback reduces learning load. We
observed that speech responses by the robot to indicate error
cases (e.g. “No skills after skill two”, “Not enough poses in
skill two”) were helpful in letting participants know what
to do next. For example out of the 14 participants who
got the “No skills created yet” error, 10 responded with the
command CREATE SKILL within the next ten seconds.

Inaccurate feedback can be problematic. Changes
in the robot state in response to user commands may not be
noticeable to novice users. For instance, in our experiment,
participants did not initially know the difference between
the released or holding arm stiffness. The speech response
by the robot when this change happened was correct but
not precise—it indicated the final state of the arms, without
acknowledging whether the arm state had changed or not.
It always responded to HOLD RIGHT ARM with “Right arm
holding”. This resulted in one participant to have an in-
accurate understanding of the command. He assumed that

5Refer to video for examples, at http://www.youtube.com/
watch?v=NXZf_JjMAkQ

the command told the robot to hold a certain pose, and he
programed the first skill by forcefully pushing the arm, until
he discovered the RELEASE R/L ARM command.

Distinctness of the lexicon is important. The most
common invalid command error made by participants was
to say “Release right/left hand” with the intent of opening
the gripper. This mistake was made by 30 out of the 36
participants at least once. We believe that this was caused
by the poor choice of the verb release for changing the arm
stiffness. Opening the gripper while it has an object re-
sults in releasing the object. As a result, when participants
wanted the robot to drop what it had in its gripper, they
were compelled to say release instead of open.

Inconsistent feedback can be problematic. The sec-
ond most common error among invalid commands was to use
the name of the skill as part of the command; e.g. “Execute
skill two”, “Clear skill two.” We believe this was due to the
robot’s use of the skill names in its feedback, e.g. “Starting
execution of skill two”, “Switched to skill two.” The nam-
ing of the skill was essential in allowing the user to browse
the skill through dialog, however it set the false expectation
that the robot would understand name references to skills.
This points to the importance of consistency in the input
and output lexicon for the dialog.

7. LESSONS LEARNED
In this section we briefly reiterate the findings and obser-

vations from our user study in the form of design recommen-
dations and provide examples of how this was applied to the
revised design of the system after this user study.

1. Show a video of the interaction. Human-robot
interactions, especially ones involving physical interactions,
may be unique and completely novel to end-users. Show-
ing a video of the intended interaction can efficiently convey
the available functionalities and communicate details of the
interaction that might not be evident to novices. For in-
stance, in our study, one of the technical support requests
in the baseline condition was to ask whether the participant
was allowed to touch the robot; a video would have quickly
mitigated this issue.

2. User manuals should complement videos. People
are unlikely to read a user manual cover to cover. However
videos are not well indexed for searching particular informa-
tion on demand. Thus, a user manual can complement a
video by allowing the user to easily browse information to
find details about a functionality that they would have been
exposed to through the video.

3. Do tutorials in a sandbox. When the interac-
tion has high uncertainty, step-by-step tutorials should be
avoided. The uncertainty can be reduced by making the
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robot aware of the tutorial step, or even letting the robot
administer the tutorial. Another approach is to have an
early step in the tutorial to expose the user to the uncer-
tainty since this is something they eventually learn to deal
with through trial-and-error.

4. Give precise feedback. The robot should not only
indicate state changes, but also acknowledge the lack of state
changes in response to commands. As suggested earlier, in
our revised system the robot says “Right arm already hold-
ing” instead of “Right arm holding” in response to HOLD

RIGHT ARM when the command has no effect.
5. Handle errors with hints. In response to commands

that have no effect in the current state, it is useful to guide
users towards states where the command would have an ef-
fect. In our system, the response “No skills created yet” was
successful in getting participants to create a skill first.

6. Choose vocabulary carefully. Commands should
not only capture the functionality and be intuitive individ-
ually, but also they should be distinct from one another.
Commands with potential semantic overlap are likely to be
confused since they would all be in short-term memory dur-
ing the interaction. In the revised command set we have the
verb RELAX for changing the arm stiffness, as RELEASE

was often used incorrectly to try to open the gripper.

8. CONCLUSION
We present a Programming by Demonstration (PbD) sys-

tem with a spoken dialog interface and investigate the use
of instructional materials to support its learnability. The
contributions of this paper are two-fold. We give empirical
results regarding the impact of different instructional mate-
rials on learning how to program a robot and we present ob-
servations and recommendations regarding dialog interface
design. Our findings have implications not only for PbD
interactions, but also for any end-users interactions with
complex robotic functionality. Second, we present a fully
autonomous and robust PbD system that captures realistic
manipulation tasks and has an intuitive user interface. Our
study participants were able to use this system to program
complex skills like folding a towel, without any instruction
from an experimenter. The results of this experiment are
informing the re-design of our PbD system.
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