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Abstract— The number of clinical trials using robots has Clinical Trials Featuring Robots (1999-2009)
increased over the last ten years. It is not practical for all
experiments to be clinical trials through the development gcle 25
of a rehabilitation or assistive robot. How can system devepers
incorporate aspects of the clinical trials to gain credibilty among
clinicians during development period evaluations?

In this paper, we begin a discussion about how to bridge
the gap between pre-clinical experiments and Phase 1 clirdat
trials using rehabilitation and assistive robots. We exanme the
importance of clearly defined inclusion and exclusion critéon.
We also discuss establishing a baseline either with a contro O
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developers and the clinicians.

I. INTRODUCTION

.. . . Fig. 1. The number of clinical trials found in ClinicalTrigbv which used
Traditionally in robotics, the system developers condugdots as the experimental intervention. Year indicatesstudy’s start date.

experiments on the physical robots and their control algbata as of June 9, 2009.

rithms. Roboticists are primarily interested in performoan

measures such as time to task completion, accuracy, and powe o ) ) ) ) )

consumption. Thus, the experiments performed are focuddy76 clinical trials involving robots as interventions \eer

around those measures. As robots become more commonpltgd @s open or completed as shown in Figuré The

in the real-world, experiments which have relevance to eopn@ority of the clinical trials were surgical in nature (40 o

who are not the system developers must also be conducted®)- Robots have also been used as therapy in clinical trials
Over the last twenty years, robotics research in the domalrié ©f 76), especially in the last five years. The remaining

of medicine and health care have dramatically increasedymdWo applications of robots in clinical trials were used fefet

projects are in the development phase; however a numb&gsecence and as a non-theraputic assistive device.dn thi

of the rehabilitation robots have made the transition froﬁ\aperf yve_focus on no_n-_surglcal health care robots, speityfic
the laboratory setting to the clinic. Examples include th@ghabilitation and assistive robots.

MIT-Manus [24] and the University of California Irvine's T- _ USed in the US, European Union, and Japan, the Good
WREX [21], which are both upper limb rehabilitation devicesC!inical Practice Protocol requires clearly stated obyes,
ckpoints, and types and frequency of measurement {34]. |

There have been several commercialized systems as well. plae : X e
example, Intuitive Surgical has shipped over 1,171 units gpquires a detailed description of the proposed study aed pr

the da Vinci Surgical System worldwide as of March 200)‘_,;entative bias.ing measures. The expected dur:?\tion of idde tr
[22]. DEKA's iBOT Mobility System power wheelchair sold treatment regiment and record keeping strategies musbalso
400 units in 2007 [9]. Hocoma's Lokomat, used for galqietailed. Further, discontinuation criteria for partanips or the

rehabilitation, had over 160 units installed in clinics Wovide Partial/whole trial must be clearly defined. _ ,
as of June 2008 [20]. As rehabilitation and assistive robots are considered caédi

The number of clinical trials using robots has increased ovgewces and can be prescribed to the end-user, it is logical t

the last ten years according to the US National Institute ofigearch term used was *robot” and
Health’s clinical trial listing ClinicalTrial.gov [35]. Atotal terminated, are not included in this data.

“robotics.” Three triaistetl as



leverage the existing protocol from clinical trials for nieal Developmental Evaluation
devices. However, it is not practical for all experimentbto
clinical trials through the development cycle of a rehaiion
or assistive robot. The question then is how can syste
developers incorporate aspects of the clinical trials to ge ‘
credibility among clinicians?

In this paper, we begin a discussion about how to bridge t
gap between pre-clinical experiments and Phase 1 clinical 1
als using rehabilitation and assistive robots. First, wecdbe
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the different types of human-subjects experiments inclgdi System Evaluation R < KPS Phase 1: Safety
clinical trials. We then discuss the importance of cleary d pr—— =l gl
fined inclusion and exclusion criterion, establishing aetiae Case Study

either with a control group or pre-experiment evaluatiarg a " Phase2:
the necessity for first conducting experiments with abldied —»L_‘ otvness
participants. Also, we discuss the need for a common languz pilot Contralled

between the system developers and the clinicians. Thraugh < Experiment

Phase 3:
Confirmation
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this paper, we provide examples from our research as w
as that of other research groups to illustrate the spectrium

methodologies, number and type of participants, types tf d: 22{1;3&1‘1‘;‘
collected, and performance measures. Experiment Phasc 4:
Additional
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Il. PROGRESSION OFEXPERIMENTS

The goal of all rehabilitation and assistive robots is to
provide a service to an end-user. To improve the likelihood Fig. 2. Evaluation lifecycle of rehabilitation and assistrobots.
of a usable system, developers may create the system with
the end-user in mind (known as user centered design [26]).
Developers may also engage the end-user in the developmem{n example of an exploratory study that utilized ethnog-
of the system (known as participatory design [29]). Regessil raphy is Choi et al’s user needs assessment of eight people
of the style of development, continual evaluation is imfieea with amyotrophic lateral sclerosis (ALS, also known as Lou
for the success, robustness, and usability of a system. Gehrig’s disease) [6]. The participants were given a digita
The evaluation cycle, shown in Figure 2, begins with eamera to photograph objects that were dropped or were
user needs assessment which provides the domain grounditigerwise unreachable. They were also given a notebook to
for the state-of-the-practice. From this, ideas for imgmgv summarize the circumstances. The participants recoraesdth
the state-of-the-practice can be implemented. The sydtem tevents for a period of one week. Afterward, the participants
can be verified through case studies and insights from there interviewed with questions relating to the frequenty o
case studies can be used to iterate on the system’s desdyopping objects, specifics about the object, and whetheoor
Hypotheses about the quantity of improvement of the neavcare giver was already present in the participant’s lifg. B
system versus the state-of-the-practice can be formalizedconducting a user needs assessment of object used iniastivit
controlled experiments. of daily living, the researchers were better informed as batw
their mobile manipulator EI-E would need to be able to grasp.
A. Exploratory studies

When investigating a new research area, the first experimgsntCase studies

that should be conducted is axploratory studywhich is a We define acase studyor a feasibility studyas a demon-
study in which the hypotheses are unknown. The findings siration and/or validation of the system as used by a few
exploratory studies help keep the research area groundecpéople, usually one or two users. If the objective is to stingy
reality by understanding the state-of-the-practice. fiddally, system itself (i.e., control algorithms, physical perfame of
exploratory studies may be used for data collection. At this particular piece of hardware), any naive, able-bodied; co
stage, the goal is to examine how robots can be used; robeits/ely capable participant can use the system. The system
are not actually used during exploratory studies. performance can be compared to the performance of similar
One method used for exploratory studies is ethnograplsystems. However, if the objective is to test if an end-user
Ethnography strives to understand a situation holisficallcan use the system, then people from the target population
employing first-hand observation of participants with w@asgid are needed. The quantitative performance measure is yargel
notes about the environment, physical interactions, andare binary in that either the person was able to use the system
sation. Interviews may also be used to further explore detadr not. Typical qualitative measures include the partictpa
of a particular instance. comments made during the experiment and post-experiment



interviews. that the data collected results in the intended performance
Many rehabilitation and assistive robotics experiments ameasures. However, like case studies, it is difficult to find
case studies since it may be difficult to recruit end-uselarge populations of end-users. Therefore, many controlle
Because of the small sample size, statistical analysis experiments with end-users are pilot-sized with less than
performance measures are unlikely significant and corarigsi twelve participants.
do not scale to the general population. Therefore, thetre§ul An example of a controlled experiment with end-users exists
case studies is typically anecdotal. in our own work [31]. We have created a visual interface
Tijsma et al. conducted a case study of their human-robot fier autonomously controlling a Manus ARM; a camera on
terface with the Manus Assistive Robotic Manipulator (ARMjhe robot arm’s shoulder provides a live-video feed for the
[10] with four end-user participants [30]. The interfaceswainterface. Based on the input device (touch screen or mouse-
successfully integrated with only two of the four partigiggl emulating joystick) and camera view (static or moving), we
wheelchair joysticks. The participants executed thre&stascreated four versions of a “flexible” interface. We conddcte
picking up an upside-down cup and placing it right-side4up ia controlled experiment for eight weeks with eight partici-
another and picking up a pen and placing it in the same cymnts from the Crotched Mountain Rehabilitation Centee Th
putting two square blocks in a box of blocks; and retrievingarticipants used as many of the versions of the flexible
two pens out of sight. Due to fatigue, the participants wersterface as their manual dexterity and cognitive abilitywd
only able to perform one trial per experimental conditiorallow. They participated as frequently as possible withregea
Data collected included the number of mode switches, task one session to eight. We recorded both quantitative data
time, Rating Scale of Mental Effort [41] (at 5, 10, 20, and 4Qe.g. trial run time, attentiveness rating, prompting lpead
minutes), and survey responses. The results were anecdqtallitative data (e.g. most/least liked interface, sutiges for
due to the small sample size and insufficient data. improvements).
Case studies are most appropriate towards the beginning of = ,
a project; for example, when the first prototype has been coh- Clinical trials
pleted; in this case, a case study may inform the researcher§here are five types of clinical trials: treatment trials,
about the changes for the next revision. If a case study warevention trials, diagnostic trials, screening triatsd uality

particularly successful, a pilot study may be planned. of Life trials [36]. Used by pharmaceutical companies, the
) most well-known type of trial is the treatment trial which
C. Controlled experiments evaluate “experimental treatments, new combinations agsir

We define an experiment as “a test or procedure carried new approaches to surgery or radiation therapy” [36].
out under controlled conditions to determine the validifyao Robot-assisted surgery fits the category of treatmentstrial
hypothesis or make a discovery” [7]. Controlled experirsenMany robot-assistive therapies also may fit into the treatme
are used to compare number of conditions with quantitatiteals, although some may fit into the category of Quality of
performance measures. For example, two conditions are cdrife trials which “explore ways to improve comfort and the
pared in anAB-style experiment; that is, the one independemjuality of life for individuals with a chronic illness” [36]
variable may have one of two values. This would be consideredAccording to ClinicalTrials.gov, clinical trials have fou
a simple hypothesis and is straight forward to test. For @kim phases, although a preliminary phase may precede the first
hypothesis, users either participate in all conditionsthimi official phase [36]. In a Phase 1 trial, the intervention sed
subjects study [19]) or in just one condition (between stiigje with a small-sized group of participants (20-80 people) to
study [17]). For a between subject study, a new group of usengaluate its safety; the participants may include healgope
is needed for each variable tested. InfsBstyle experiment, [36]. In Phase 2, the intervention is applied to a medium-
there would be two groups. sized group of participants (100-300 people) to evaluage th

Some hypothesis can be more complex and may have monervention’s effectiveness and further test its safég][ In
than one independent variable. For more complex hypothedekase 3, the intervention is give to large groups of paditip
the learning effect in a within subjects study may be tod000-3000 people) to confirm its effectiveness, compare it
great or the number of participants needed to obtain statist to other common interventions, and collect information so
significance may be intractably large. Instead, a mixedehodhat the intervention can be safely used [36]. In Phase 4,
design [18] of both a within and between subjects study maylditional information about the intervention’s risksnbéts,
be needed. Bethel and Murphy [2] explain how to choose thad optimal usage is collected [36].
appropriate type of study. Of the thirty-four clinical trials using therapy robotsxsen

A pilot studyis a scaled-down version of an experiment. Iwere specifically listed the trial phase with two Phase Or fou
the progression of experiments for rehabilitation andstissi Phase 1, five Phase 1/Phase 2, five Phase 2, and one Phase
robots, pilot experiments should first be run with able-leddi 3. We found that the number of expected participants for
cognitively capable participants. As noted by Yanco [48]ea clinical trials using robots was smaller than the aforeriosretd
bodied, cognitively capable participants are more eadilg a groupings of participants in their respective phases. @f th
to vocalize any discomforts and stop a trial quickly. A pilet thirty-four trials, thirty expected to have 10 to 90 parpients
meant to test the experimental protocol itself and to verifX = 36.6, SD = 22.8), which included examples of all



phases. Two trials expected to have 127 and 160 participants V. ESTABLISHING A BASELINE

which were appropriately sized Phase 2 trials. Two triats di o goal when conducting an experiment is to quantify

not disclose the number of expected participants. how much better or how much worse a given intervention
Many robot systems are custom-built with custom softwarg, Establishing a baseline is one method by which we can

Only one robot system may exist and therefore it is difficulixplicitly derive this quantification using statistical adysis.

to run a multiple site experiment, which is common in Phasgaditionally in clinical evaluations, the baseline ewtion

3 trials in order to recruit the large numbers of particisanbf an intervention is a separate control group. The control

needed. Conversely, it is easier to conduct a Phase 1-sigegup would be one of two conditions in &B-style, between

experiment at a single site and potentially a Phase 2-sizgghjects experiment. The participants in the control groop

experiment at a single site given a long enough data caiectinot receive the intervention and instead may receive toauit

period. Also, it should also be noted that robots used fgherapy, state-of-the-practice assistive device, orgtiadn the

clinical trials are eXpeCted to work reliably for severalun® case of pharmaceutica|s_ The participants in the Seconﬂbgro
per day for weeks or months at a time, which is the exceptigf receive the intervention.
rather than the rule in the current state of robotics. ) o )

A. Using participants as their own controls

I11. DEFINING INCLUSION AND EXCLUSION CRITERION Having two conditions allows for an explicit comparison of
the average performance of the two groups. However, it may

A rehabilitation or assistive robot must provide a servicge infeasible to obtain enough participants for two separat
to a end-user by definition. Experimental design is mogoups of large enough size so as to establish statistical
complex due to the unique abilities of the end-users, thygynificance (see Bethel and Murphy [2] for information on
generalizations cannot be easily made. For example, twemputing sample size). Participants who fit the inclusion
end-users with the same medical diagnosis may presentciieria during the recruitment period may no longer by the
completely different manners, and conversely two endsusgime a study begins.
with different diagnoses may be very similar in terms of | this case, a pre-experiment evaluation can serve as the
presentation. Experimental design must therefore considecgntrol group and a post-experiment evaluation as the ex-
person’s physical, cognitive, and behavioral ability. perimental group. We then compare the average performance

In practice during human subjects evaluation in the develrior to the intervention against the average performaftee a
opment evaluation, participants are usually grouped by théne intervention has been delivered. Pre- and post-exgetim
disability or diagnosis. For example, Tijsma et al. [30] k&l evaluations can also be used in the case of a separate control
with four people who used power wheelchairs. Choi et aroup. We are then able to compare the change of average per-
worked with eight people with ALS [6]. However, clearlyformance of the control group against the experimental grou
defined inclusion and exclusion criterion show to whom thgsing pre- and post-experiment evaluations in this sense is
robot intervention evaluation can be applied. most appropriate for evaluations with multiple sessionsrav

An exemplary description of inclusion and exclusion critonger period of time.
terion can be found in Brewer et al. [3]. The researchersAn example of using the state-of-the-practice as an active
at the University of Pittsburgh conducted an exploratomontrol can be found in Au [1]. Researchers at the Mas-
experiment with thirty people with Parkinson’s disease. [3kachusetts Institute of Technology conducted a pilot exper
The inclusion criteria was listed as a physician estabtishément of a novel lower-limb robotic prosthesis with three
diagnosis of Parkinson’s disease, a reported loss of motgtilateral, transtibial amputees. The participants cetepl
dexterity, a minimal score of 27 on the Mini Mental Stat¢ghree sessions in the experiment. In the first session, the
Exam [13], no central nervous system diseases, no experieparticipant was fit with the robotic prosthesis and walked a
of abnormal/involuntary movements, and a minimal age of 1fhirty foot length at a self selected pase. In the second®sgss
The exclusion criteria was listed as restricted upper exitse the participant walked on an indoor track for five minutes
movement, loss of sensory information in the hand, loss while his metabolic cost of transport was measured via onyge
vibration in the hand, inability to remain without medicati consumption and carbon dioxide generation. There were thre
for twelve hours prior to the experiment, and “inability to g conditions for the prosthesis. In the first condition (b9l
to testing facility with companionship or unwillingnesstte the participants used the robot prosthesis without powehe
tested at their home.” second and third conditions, the participants used thetizo

Rehabilitation and assistive robots are also used to ingrgwothesis with two different control algorithms. In the tlas
the quality of life for people with cognitive impairments.i$ session, the participants walked along a walkway in a motion
then not sufficient to only provide the participants’ didiileis capture setting. The joint torque, joint angle, and cenfer o
or diagnoses. Additional information, such as behaviobdl a mass of the robotic prosthesis and unaffected leg was tedec
ity, visual ability, and cognitive ability, must also be Inded in each of the three prosthetic conditions. As in the second
in the inclusion and exclusion criterion. Figure 3 shows theession, the unpowered robot prosthesis served as théneasel
profiles of eight participants from our own work as given by Another example of using participants are their own costrol
our occupational therapist [31]. comes from Housman et al. [21]. The researchers conducted a



Age | Diagnosis Cognition Behavior Vision Wheelchair Computer
Type Access
P1 ]| 26 | Spinal Cord Not significantly None Typical Manual Standard mouse|,
Injury, Traumatic | impaired keyboard
Brain Injury
P2 60 | Traumatic Brain | Distractible Very sociable; | Left Manual Standard mouse|,
Injury follows inattention; keyboard
prompts well right visual
processing
disorder
P3 || 17 | Spinal Bifida Good memory and Low frustration | Reduced acuity| Manual Standard mouse),
receptive/expressive tolerance; keyboard (limited
language needs dexterity)
encouragement
P4 || 20 | Cerebral Palsy Good receptive language Aggressive Functional Manual, Dynavox  with
and expression with when Power keyguard
AAC; able to learn new | frustrated; can
skills; mild limitation express need
with problem solving for break
P5 20 | Cerebral Palsy Below age level; Needs Functional Power Standard mouse|,
moderate decision encouragement keyboard (limited
making ability dexterity)
P6 || 37 | Traumatic Brain | Challenged by multi-steg None Functional Manual Standard mouse),
Injury process; short term keyboard
memory impairment
P7 |{| 20 | Osteogenesis Mild deficits; slight Cooperative Mild perceptual| Power Standard mouse|,
Imperfecta prompting needed due tg impairment keyboard
vision
P8 || 18 | Cerebral Palsy Mild deficits; slightly None Functional Power Standard mouse|,
below age level; slight keyboard (limited
prompting needed dexterity)
Fig. 3. Participant profiles for Tsui et al’s 2008 end-usaleation of a “flexible” visual interface of a wheelchaiemmted robot arm [31].

small-scale clinical trial of the Therapy Wilmington Rolost bodied, cognitively capable participants to compare our vi
Exoskeleton (T-WREX) at the Rehabilitation Institute ofual interface with the hierarchical menu provided by the
Chicago (RIC) and Northwestern University. Housman et ahanufacturer for the Manus ARM. The input method for
evaluated twenty-three people post-stroke over sixteezksve both systems was single switch scanning. We hypothesized
comparing robot-assisted therapy to a traditional reitatbdn that able-bodied, cognitively capable people would hawe th
therapy regiment. Eleven stroke survivors exercised with Best possible performance because 1) there would not be any
WREX for one hour, three times per week for eight weekslifficulties with learning the operation procedure for each
An active-control group of twelve patients exercised witBystem given adequate training and 2) there would not be
a physical therapist for the same duration. Blood pressuary difficulties with physically operating the switch. The
readings and pain ratings were taken before and after egehticipants moved the robot arm towards a target while we
session. Time working directly with a therapist was recdrderecorded the number of clicks and the time to task completion
After eight weeks, the groups switched to allow for subjeti
comparison thereby allowing each person to act as their own
baseline measurement.

V. CLINICAL PERFORMANCE MEASURES

Existing performance measures for most of assistive roboti
B. Using able-bodied, cognitively capable participants technologies do not provide sufficient detail for experimen

A baseline may be established using able-bodied, coghl and clinical evaluations. Tsui et al. [32] surveyed the
tively capable participants prior to conducting the endrusPerformance measures of six domains in rehabilitation and
participants. Testing with able-bodied, cognitively dalga aSSistive robotics: mterventlon.for .Aut|s.m Spectrum Ddsys,
participants may provide a means of normalizing an endaisefldercare, post-stroke rehabilitation, intelligent whbairs,
performance or may provide an upper performance limit. Faissstlve robotic arms, and exte_rnal limb prostheses. W& al
example, Romer et al. propose an absolute measure for tiffigcussed the ubiquity of functional performance measures
to task completion, in which the time is compared to that df-€-» relating to an activity of daily living and adminiség in
an able-bodied person’s performance [27]. a reahst!c setting). Tsu! et al. provided guidelines fooaking

An example of an experiment conducted with able-bodiéPPropriate and meaningful performance measures:
participants as an evaluation baseline exists in our owrkwor 1) Consult a clinician who specializes in the particular
[33]. We designed a controlled experiment with twelve able-  domain.



2) Choose an appropriate clinical measure for the domanehabilitation [5]. At the University of Pittsburgh, Brewet
A domain’s “gold standard” will provide the best validityal. have developed the Advanced Sensing for Assessment of
to clinicians, if one exists. Parkinson's disease (ASAP) protocol, which uses machine
3) Include a functional performance measure approprid@arning techniques on sensor data to predict the score of
for the domain. a person with Parkinson’s disease on the Unified Parkinson
4) Choose an appropriate method to capture a participaridisease Rating Scale (UPDRS) [4, 3, 11]. At the University
emotional and mental state. of Missouri, Wang et al. have developed a fuzzy logic-based
5) Consider an appropriate quality of life measurement. augmentation of an existing evaluation tool, the Short iiays
6) Administer the clinical performance measures at leaBerformance Battery (SPPB) [15] which measures balance,
once before and after the experiment or study. gait, strength, and endurance tasks, to provide finer-gdain
7) Consider coding open-ended responses, commemsiformance measure for day-to-day monitoring [38].
and/or video. To better understand how to validate the creation of a
8) Concretely define each enumeration on Likert and difommon language between clinicians and system developers,
ferential semantic scales. we summarized the experimental design and validation pro-
The guidelines help build a bridge between the current statedure Brewer et al. used for predicting UPDRS scores [3].
of rehabilitation and assistive robot experiments andiacdin As previously discussed in Section I, Brewer et al. laid ou
experiments, which is especially true of the second andh sixpecific inclusion and exclusion criteria.
guidelines. However, the guidelines do not address how toThe participant exerted force on two 6-axis force/torque
gain clinical credibility so that the system can be testethwisensors using his/her index finger and thumb to track the
the target population. To create clinical credibility prim target wave form displayed on a screen [3]. The experiment
working with the target population, we must create a commoaried the wave form and cognitive load. The wave form was
language. either a sine wave or a pseudorandom wave. The cognitive
One means for building a common language between cliwad was one of three conditions. In the first minute, the
icians and system developers is to base the developmengairticipant had no cognitive task and only performed the
phase experiments on experiments that would be done in thémary task of modulating his/her force on the sensors to
clinic. For example, Dollar and Howe evaluated their Shagellow the waveform. In the second minute, the participant
Deposition Manufacturing robot hand by picking up commoperformed the primary task and performed the secondary task
household objects (e.g., telephone, broom, glass), whate wof counting backwards from 100 in steps of 1. In the third
identified as “practice objects” by Klopsteg et al. in 1968 [8ninute, the secondary cognitive task changed to counting
23]. In Wada et al’s case study. (= 1) of their Robotic backwards from 100 in steps of 3. The use of a secondary task
Gait Trainer [39] clinical performance measures includeg t to gauge cognitive load originated in psychology and has bee
six-minute walk test (6MWT) [16] and the timed get-up-andadopted into human-computer interaction (HCI) and human-
go test (TGUG) [37]. In Miller et al.'s pre-clinical evaliah robot interaction (HRI) experiments.
(n = 6) [25], the functional testing of an upper limb prosthesis Brewer et al. computed three “summary variables” the
was comprised of a series of standard tests: box and blodkemor integral, the root-mean-square error between the wa
clothespin relocation, Assessment of Motor and ProcedisSkand the exerted force, and the time delta between the wave
(AMPS) [12], and the University of New Brunswick prosthetianodulation and the participant’s response of exerted f[8Te
function [28]. Then they computed thirty-six predictor variables for each
Another means for building a common language is ftparticipant (2 handx 2 waveformsx 3 secondary cognitive
correlate the system developers’ robotic performance anreas task conditions<x 3 summary variables) [3]. To the predictor
to clinical measures. The motivation for building commonwariables, they applied principle-component analysis vl
languages between clinicians and system developers is twgpes of least-squares regression to predict the UPRD® scor
fold. First, it is the primary means by which rehabilitatioriThey found significant correlation between the predicted an
and assistive robots will gain credibility. Second, it ¢esathe actual UPRDS score® (= 0.004 with R = 0.54, p < 0.001
need for a meaningful mapping between robotic performanaith R = 0.87, andp < 0.001 and R = 0.78 respectively).
measures and clinical performance measures. Roboticrperfo
mance measures have a high-level of detail and can provide VI. CONCLUSION
continuous evaluation instead of periodic evaluationscvhi  Over the last twenty years, robotics research in the domains
are the state-of-the-practice. However, the robotic perémce of medicine and health care have dramatically increased and
measures may create intractably huge data sets which wotlldre has been an increase in clinical trials using robogs ov
likely overwhelm the clinician and would unlikely have muchhe last ten years. Full-scale clinical trials are intrhkta
meaning to him/her. during the development phase. In this paper, we began a
The goal is to correlate the robotic performance measumiscussion about how to bridge the gap between pre-clinical
with existing clinical performance measures. For exampie, experiments and Phase 1 clinical trials using rehabititatind
lik et al. examined trajectory error and smoothness of nmoti@ssistive robots. We believe that good experimental method
with respect to Fugl-Meyer [14] in the context of post-s&okogy in conjunction with replication of experiments will Ipel



to establish clinical credibility for rehabilitation andsistive

[21]

robots.
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