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Abstract. Background: Clinical evaluation of novel assistive technologies is of utmost importance, as this would help in making
such technologies practical and ensuring that they suit the user’s requirements.
Objective: The purpose of this study is to develop a new methodology for the addition of user and user’s life centered clinical
evaluation of assistive technologies (ULCEAT) to conventional evaluation methods. The proposed ULCEAT methodology
consists of two steps: evaluation by rehabilitation professionals and evaluation by potential users. These evaluations were
performed to identify target users and to ensure the effective use of new assistive technologies (ATs); the evaluations were based
primarily on qualitative research involving the rehabilitation professionals and the potential users.
Methods: The methodology was demonstrated by using it for the clinical evaluation of Roboticbed , which was developed by
the Panasonic Corporation.
Results: The effective use of Roboticbed was confirmed on the basis of the results, and three target user types were identified.
The validity of this methodology was further confirmed by a user evaluation of Roboticbed in an experimental environment.
Conclusions: The findings of this study will be used to help conduct conventional clinical evaluations for novel and prototype
ATs.

Keywords: Rehabilitation professionals, development of assistive technology, clinical evaluation, robot technology, qualitative
research, user identification

1. Introduction

Assistive technologies (ATs) have been developed
and put into practical use in order to support elderly and
disabled individuals to lead a better life. The evaluation
of such technologies is a critical component of the AT
research and development process that links engineers
and clinicians to individuals with disabilities [1].
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rozawa, Saitama 359-8555, Japan. E-mail: nakamura-mio@rehab.
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Many methodologies for evaluating existing and
commercialized ATs are known to exist, including six
conceptual clinical evaluation models [2]: the Hu-
manActivity-Assistive Technology (HAAT)model [3];
the International Classification of Functioning, Dis-
ability, and Health (ICF) model [4,5]; the Matching
Personal and Technology (MPT) model [6]; Gitlin’s
biopsychosocial model of AT users’ “careers” [7]; var-
ious social cognition decision-making theories [8]; and
the Perceived Attributes Theory for predicting con-
sumer adoption of product innovations [9]. The tools
for psychological testing AT include the Quebec Us-
er Evaluation of Satisfaction with Assistive Technol-
ogy (QUEST) [10] and the Psychosocial Impact of
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Assistive Devices Scale (PIADS) [11]. Furthermore,
many evaluations focusing on wheelchair use in par-
ticular exist, including: Functional Evaluation in a
wheelchair (FEW) [12]; the Life-Space Assessment
Questionnaire (LSA-F) [13]; the Wheelchair Outcome
Measure (WhOM) [14]; the Wheelchair Skills Program
(WSP) [15]; the Power mobility Indoor Driving As-
sessment (PIDA) [16]; theWheelchair SeatingDiscom-
fort Assessment Tool (WcS-DAT) [17]; and the Seat-
ing Identification Tool (SIT) [18]. However, not much
evidence is available regarding clinical evaluation of
prototypes and newly invented ATs.

According to that information which is available,
clinical evaluation of prototype ATs is mostly carried
out by specific organizations and by developers of new
ATs [19–21]. For these evaluations, differing environ-
ments, assumptions, and batteries of evaluation have
been used. For instance, Nihei et al. have proposed
an evaluation protocol of failsafe wheelchair brakes for
users with memory loss [22], and Inoue et al. presented
a protocol for users with dementia [23] based on an
evaluation protocol for cognitive AT [24]. These proto-
cols are for devices with clear target users and use en-
vironments. However, no process exists for evaluating
novel ATs under unclear effectiveness-of-use condi-
tions. It is thus imperative to develop a prior evaluation
methodology specific to each technology. Hammel et
al. have proposed a comprehensive evaluation method
for a rehabilitation robot system [1]. Their method has
three phases: conceptual brainstorming, clinical feasi-
bility testing, and viability testing. This method was
applied within a human performance model to evaluate
the impact of technological interventions on individuals
with disabilities and the peoplewith whom they interact
(i.e., family, attendants, and rehabilitation profession-
als) within both personal contexts (i.e., home, hospital,
school, work, and the community) and the context of
the broader society. However, this method defines how
a new AT can be created from a concept. Hence, it
cannot be applied to a prototype AT. Jensen et al. dis-
cussed a project to involve users and professionals in
the development of ATs by finding and systematizing
new pathways for user-driven innovation (UDI) [25].
Although the UDI method is effective in identifying
user requirements and problems, the target users must
be determined by the developer.

Therefore, a prior evaluation involving the identi-
fication of both target users and effectiveness-of-use
environments is required.

In this paper, we propose a methodology for a user
and user’s life centered clinical evaluation of AT (UL-

CEAT). We discuss our methodology (i.e., evaluation
by rehabilitation professionals and users) and demon-
strate it by using it to clinically evaluate Roboticbed ,
which was developed by the Panasonic Corporation.

2. Development of ULCEAT methodology

2.1. Evaluation process

TheULCEATprocess consists of two steps, as shown
in Fig. 1. The methodology, which describes the eval-
uations to be conducted before conventional clinical
evaluations, is as follows:

Step 1: Evaluation by rehabilitation professional
Purpose: To identify target users and effec-
tiveness of use
Output: Identification of problems and user
requirements

Step 2: Evaluation by potential users
Purpose: To establish the use environment
Output: Identification of problems and user
requirements

2.2. Proposed ULCEAT methodology

TheULCEATmethodology proposed here uses qual-
itative research methods. Such methods can be em-
ployed to uncover important variables and factors that
can then be verified by objective testing [26]. Quali-
tative methods are suitable for identifying users, their
needs, and effectiveness uses. Our methodology is as
follows:

Step 1: Evaluation by rehabilitation professionals

1) Objective: To identify target users and effective
uses of the technology

2) Study design: Qualitative research related to
ethnography

3) Participants: Rehabilitation professionals
Wemake clinical evaluation by rehabilitation pro-
fessionals the first step because such profession-
als can help in identifying target users for ATs.
On the basis of their expert knowledge and clin-
ical experience with patients having various dis-
abilities, they can provide insight into effective
uses for ATs.
For Step 1, we recommend using a minimum of
five participants in order to ensure observation of
the most possible usability problems [27,28].
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Fig. 1. UCEAT process.

4) Method: The experimental method involves
(1) behavioral observation, and (2) an inter-
view. In the behavioral observation, the use of
Roboticbed is observed in a simple setting, and
the experimental processes are recorded with a
video camera. An interview is then conducted us-
ing a semi-structured interview guide. Interview
questions concern the participants’ impressions
of the trial run and their opinions of who would
make suitable users of the AT [29].

Step 2: Evaluation by potential users

1) Objective: To establish the use environment
2) Study design: Ethnography-related qualitative

research
3) Participants: Potential users picked on the basis

of Step 1 results
For Step 2, we recommend using a minimum of
five participants to ensure observation of the most
possible usability problems [27,28].

4) Method: The experimental method involves (1)
behavioral observation, and (2) an interview. For
behavioral observation, use of Roboticbed is
observed in a simple setting, and the experimen-
tal processes are recorded with a video camera.
An interview is then conducted using a semi-
structured interview guide. Interview questions
concern the participants’ impressions of the trial
run and the effectiveness of use of Roboticbed ,
as well the effectiveness of its means of use and
the usefulness of the environment [29].

3. Case study

3.1. Case: Use of the Roboticbed for transfer and
mobility

As shown in Fig. 2, Roboticbed helps transfer dis-
abled people from bed to a wheelchair and facilitates

general indoor mobility [30]. The device helps disabled
people to carry out day-to-day activities with ease and
improves quality of life. However, since Roboticbed
is a new device, no established criteria exist for its clini-
cal evaluation; furthermore, it remains difficult to iden-
tify target users, set evaluation criteria, determine the
risks involved, and plan for the effective use of the tech-
nology. Hence, this case study focuses on identifying
these factors for the Roboticbed .

3.2. Step 1: Evaluation by rehabilitation
professionals

3.2.1. Method and analysis
The participants in this step were five rehabilitation

professionals: two occupational therapists, two physi-
cal therapists, and one nurse. Three were male and two
female, and participants were aged between 20 and 60.
Their overall clinical experience was with physically
disabled adults and elderly people in hospitals andwith-
in the community, and the lengths of their individual
professional experience ranged from 5 to 28 years. The
experiment in Step 1 involved two stages: observation
and interview. The observation step was performed
in the experimental space shown in Fig. 3, and partic-
ipants’ actions were recorded by two video cameras.
Participants were instructed to perform the following
six tasks:

1) Lie down on the bed
2) Shift from the bed to the wheelchair
3) Drive around the table
4) Go to the table and drink water from a cup placed

there
5) Return to the initial position
6) Shift from the wheelchair to the bed

Interviews based on a semi-structured interview
guide were conducted. Questions were asked concern-
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Table 1
Potential users for Roboticbed

Users Place Advantages

Individuals who wish
to promote autonomy

Home, nursing home,
indoors, outdoors

No assistance required for transfer
Allows user to move at will

Individuals who often move
from bed to wheelchair

Home, nursing home,
indoors

Allows frequent shifting from bed to wheelchair
with minimum assistance
Easy indoor mobility
User can choose activity (e.g., watch TV with
family, work on computer placed on table)

Individuals who require
functional recovery training

Home, nursing home,
indoors

Makes moving out of bed easy
Prevents disuse syndrome

Fig. 2. Roboticbed positions.

Fig. 3. Experimental setup of Step 1 and Step 2.

ing participants’ impressions of the test and their opin-
ions as to who might be suitable target users.

Analysis of the interview results was based upon the
KJ method [31,32], which was developed by cultural
anthropologist Jiro Kawakita as a data gathering tech-
nique. In the KJ method, data are recorded regarding
a group’s descriptions of a selected item. This method
is useful in the context of cooperative work, and is be-
lieved to facilitate “creativity development.” The KJ
method was used by the two occupational therapists
involved in this study.

3.2.2. Results of step 1
3.2.2.1. Potential users

The experiment revealed three potential user types,
as listed in Table 1: individuals hoping to enhance
their autonomy, individuals who often need to move
from their bed to a wheelchair, and individuals requir-
ing functional recovery training. Table 1 also provides
information about the environments in which each user
type could use the bed and the advantages incurred for
each.

3.2.2.2. Specific requirements of Roboticbed
Table 2 shows the specific requirements for

Roboticbed – classified as high-, medium-, and low-
level – with many of these important in ensuring user
safety. A few of these requirements can be modified on
the basis of expert knowledge and clinical experience
to meet user-specific needs.

3.2.2.3. Expected effects of Roboticbed
The results of the interview in which professionals

helped identify target users for Roboticbed based on
their experience were quite unexpected. These partic-
ipants saw the bed as being potentially useful in two
ways: (1) in changing user attitudes and lessening phys-
ical and psychosocial burdens on caregivers, and (2) in
providingusers encouragementby facilitating indepen-
dentmobility and thus a sense of freedom. Therefore, it
can be concluded that rehabilitation professionals view
Roboticbed as a means for motivating people with
physical disabilities to be independent.



M. Nakamura et al. / Methodology for ULCEAT: Evaluation with prototype Roboticbed 277

Table 2
Specific requirements for Roboticbed

Category Specific requirements
High Medium Low

Wheelchair – Give support to the user and help him/her
to maintain upright posture, (i.e., maintain
the head, trunk, bony pelvis, and inferior
limb in the most comfortable position)

– Rearview system
– Change wheelchair size

– Damping during motion

Bed – Identification of correct sleeping position
– Pressure sore prevention
– Waterproof

– Create a space under the bed
– Functions to facilitate elevation and lower-

ing of the bed
– Adjustment of bed size to suit individual

users

– Fixing bed rails
– Low-impact setting of med-

ical device

Automatic
Posture
Change

– Prevent the user from slipping off the seat
while reclining and tilting Roboticbed

– Low-burden or stress-free posture during au-
tomatic operation

– Seat width adjustability
– Adjusting the seat to suit

each user’s inferior limb
condition

Input
Operation

– Easy handling of the remote control device – Merge switches
– Change size and configuration of the opera-

tion device

– Remote control device for
caregiver

– Individualize input devices

Table 3
Participant profiles for Step 2

ID 1 2 3 4 5

Gender M M M M M

Age 58 45 61 19 72
Disease Parkinsonian

Syndrome
Cervical
Cord Injury

Cervical
Cord Injury

Muscular
Dystrophy

Parkinsonian
Syndrome

FIM∗ 68 25 25 31 50
Wheelchair Types Not Used Powered Powered Powered/Manual Powered (Add-on power unit)
Wheelchair usage Not Used Indoors/Outdoors Indoors/Outdoors Indoors/Outdoors Indoors/Outdoors
Bed usage Used Used Used Not Used Used
Lifter usage Not Used Used Used Not Used Not Used
Living Place Nursing home Home Home Home Nursing home

∗FIM = Functional Independence Measure, Motor score.

3.3. Step 2: Evaluation by potential users

3.3.1. Method and analysis
The participants in this step, whose profiles are sum-

marized in Table 3, were five potential AT users. We
extracted two categories of participants who meet the
experimental conditions on the basis of the results of
Step 1: individuals hoping to enhance their autonomy
and those who often need to move from their bed to
a wheelchair. These participants were asked questions
in a semi-structured interview concerning their impres-
sions of the trial run of Roboticbed in relation to
their perception of its use environment and the effective
means for its use. The remainder of the methodology
followed as described in Step 1.

3.3.2. Results of step 2
3.3.2.1. Task performance of Roboticbed used by Po-
tential Users

Table 4 shows the results of Step 2, in which it was
determined whether participants were able to carry out
tasks independently or with support.

3.3.2.2. Use environment of Roboticbed
Table 5 shows results pertaining to the use envi-

ronment (which, participants indicated, was an indoor
barrier-free environment) and the means of use for
Roboticbed . In the experimental setup, there were
five rooms: a bedroom, a living room, a dining room, a
bathroom, and a washroom. Three common means of
the use of Roboticbed emerged. In the bedroom, the
typical use was transferring, in which the participants
moved from bed to wheelchair independently or with
some support. In the living and dining rooms, the main
reason for use was to perform activities alone or with
family members, changing posture while being seated.
In the washroom and the bathroom, the main reason for
use was to move independently from the entrance.
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Table 4
Task performance conditions for Step 2

ID 1 2 3 4 5 6

Tasks 1. Lie down on the bed © Δ Δ Δ Δ ©
2. Transfer (Bed-W/C) © Δ Δ Δ Δ Δ
3. Drive around the table © © © © © ©
4. Drink water from a cup placed on the table © © © © © ©
5. Return to the initial position Δ Δ © © © ©
6. Transfer (W/C-Bed) © Δ Δ Δ Δ ©

© = possible independently Δ = possible with support × = impossible.

Table 5
Use environments and means of use for Roboticbed

Place Environment Examples

Indoors Bedroom – Transferring between bed and W/C independently or with few supports

(Barrier-free Environment) Living room/Dining room – Reading books and operating PCs on the desk
– Watching TV and eating with family
– Changing posture while sitting
– Relaxing in the living room

Washroom/Bathroom – Moving to the entrance of the washroom/bathroom independently
– In the washroom, washing his/her face, hands, teeth, and so on, indepen-

dently

Table 6
Participant profiles in evaluation with users in experimental environment

ID 1 2 3 4 5 6

Gender F M M M M M

Age 61 20 63 73 62 45
Disease Rheumatoid

Arthritis
Muscular
Dystrophy

Inherited
Neuropathy

Parkinsonian
Syndrome

Cervical
Cord Injury

Cervical
Cord Injury

FIM∗ 47 31 30 50 25 25
Wheelchair Types Powered

(Add-on power unit)
Powered/
Manual

Powered Powered
(Add-on power unit)

Powered Powered

Wheelchair usage Indoors/
Outdoors

Indoors/
Outdoors

Indoors/
Outdoors

Indoors/
Outdoors

Indoors/
Outdoors

Indoors/
Outdoors

Bed usage Used Not Used Used Used Used Used
Lifter usage Not Used Not Used Used Not Used Used Used
Living Place Home Home Home Nursing home Home Home

∗FIM = Functional Independence Measure, Motor score.

4. Validating the experimental methodology

In order to validate the ULCEAT methodology dis-
cussed above, we formulated the following made two
hypotheses,

1) Roboticbed can be used by the potential users,
who were identified in the Step1 evaluation, in
the environment established in Step 2.

2) Different types of potential users showed differ-
ent results.

In order to prove these hypotheses, we conducted
evaluations with the users identified in Step1 by using
the experimental environment from Step 2. In detail
this experiments, the evaluation participants were se-

lected from among the users in Step 1. In order to en-
sure safety in the experimental environment, we chose
users from two out of the three identified user types:
individuals hoping to increase their autonomy, and in-
dividuals who often move from bed to wheelchair. The
experimental environment was the same indoor envi-
ronment used in Step 2. The tasks tested were transfer-
ring between bed andwheelchair,performing activities,
and moving between rooms with the wheelchair.

4.1. User evaluation of the experimental environment

4.1.1. Method and analysis
The participants were six people with disabilities;

their profiles are shown in Table 6. The experiment con-
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Table 7
Task performance using Roboticbed

ID 1 2 3 4 5 6

Tasks 1. Lie down on the bed Δ Δ Δ Δ Δ Δ

2. Move from the bed to the wheelchair Δ Δ Δ Δ Δ Δ

3. Move to the work table Δ © © © © Δ

4. Perform activity at the table Δ Δ Δ © Δ Δ

5. Go out of the bedroom Δ © Δ © Δ ©
6. Move to the corridor Δ © © Δ © ©
7. Enter the living room and close the door Δ © Δ Δ © ©
8. Move to the living room table, staying clear of the chair Δ Δ Δ © © Δ

9. Perform activities (i.e., drink water, watch TV) Δ Δ Δ © © Δ

10. Move to the corridor Δ © Δ Δ © ©
11. Open the door Δ © Δ Δ © ©
12. Return to the corridor © © © Δ © Δ

13. Enter the bedroom and return to the initial position Δ © © Δ © ©
14. Move from the wheelchair to the bed Δ Δ Δ Δ Δ Δ

15. Lie down on the bed Δ Δ Δ Δ Δ Δ

© = possible independently Δ = possible with support × = impossible.

Fig. 4. Experimental setup of evaluation with users in experimental
environment.

sisted of two steps: observation of actions and delivery
of a questionnaire. The observed action step was per-

formed within the experimental setup shown in Fig. 4.
Participant actions were recorded by video cameras.
In specific assignments, participants were instructed to
perform the following 15 tasks:

1) Lie down on the bed
2) Move from the bed to the wheelchair
3) Move to the worktable
4) Perform an activity at the table
5) Go to the bedroom
6) Move to the corridor
7) Enter the living room and close the door
8) Move to the living room table, staying clear of

the chair
9) Perform activities (e.g., drink water or watch

TV)
10) Move to the living room
11) Open the door
12) Return to the corridor
13) Enter the bedroom and return to the initial posi-

tion
14) Move from the wheelchair to the bed
15) Lie down on the bed

QUEST and PIADS (both in Japanese) were used to
evaluate questionnaire answers. Generated scores were
used in aggregate analysis.

4.1.2. Results of the evaluation by users in an
experimental environment

4.1.2.1. Results of task performance using
Roboticbed

Table 7 summarizes the results of the evaluation in
which it was determinedwhether participantswere able
to carry out tasks independently or with support.
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Fig. 5. QUEST score of Roboticbed .

4.1.2.2. Results of QUEST and PIADS scoring
The QUEST and PIADS results are shown in Figs 5

and 6, respectively. The results are divided into two
groups, with individuals hoping to increase their auton-
omy labeled as C, E, and F, and individuals who often
move from bed to wheelchair labeled as A, B, and D.
The individuals who hoped to increase their autonomy
showed lower QUEST and PIADS scores.

5. Discussion

5.1. Methodology for prior clinical evaluation of
assistive technology

The proposedULCEATmethodology consists of two
steps: evaluation by rehabilitation professionals and
evaluation by potential users. The results of Step 1
suggested three types of target users, and the results
of Step 2 showed the effectiveness of use and the ef-
fective use environments of Roboticbed . These find-
ings may be used to define target users and experimen-
tal conditions for conventional AT-evaluation method-
ologies, including user evaluation under experimental
conditions and user evaluation in a real-life environ-
ment. Because such evaluations are usually carried out
by specific organizations or by AT developers, differing
evaluation environments, assumptions, and evaluation
batteries had been previously used. In addition, some
evaluations have not ensured suitability of conditions or
users. To help define appropriate target users, uses by
user type, and use environments, we combine Steps 1
and 2. From step 1, we can identify target users and
appropriate uses, and from Step 2, we can establish use
environment. The combination of these two steps pro-
vides an evaluator-independent tool and suitable setting
for the evaluation of new ATs. We therefore believe
that this ULCEAT methodology is effective for clinical
evaluation.

Fig. 6. PIADS score of Roboticbed .

5.2. Validity of ULCEAT methodology

The results of the experimental environment evalu-
ation (Table 7) showed that all the participants were
able to conduct each task either independently or with
support. These results implied the verification of the
first hypothesis about the validity of ULCEAT. The va-
lidity of the Step 1 evaluation was suggested from the
perspective of the potential users. However, all partici-
pants needed support to perform the experimental tasks.
This was thought to be because three were problems
with matching the users’ body functions and those of
Roboticbed , as it was the first prototype. We pointed
out the need for the modification from these results. As
shown in Fig. 1, the results of Step 1 identified ways
to improve Roboticbed . Therefore, we believed that
these results also supported the validity of Step1. The
validity of the Step 2 evaluationwas suggested from the
perspective of the use environment. As shown in Ta-
ble 7, all the participants needed support for tasks 1, 2,
14, and 15. However, at least one participant was able
to accomplish the other tasks independently, which had
an influence on the environment. These results would
suggest that only the environmental factors played a
role, without the users’ factors. Therefore, we thought
that it was implied for matching the experimental en-
vironment and Roboticbed . In addition, the environ-
ment settings realistically simulated a relatively large
size house. These two facts supported the validity of
Step 2 evaluation.

The QUEST and PIADS results shown in Figs 5 and
6 seem to verify the second hypothesis. Table 8 shows
characteristics of the two types of potential users who
participated in the evaluation. Participants C, E and F
belong to the upper category of individuals who hope
to promote autonomy and want to use Roboticbed in-
doors and outdoors.Meanwhile, participant A, B and D
belong to the lower category of individuals who often
move from their bed to a wheelchair and want to use
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Table 8
Relations of participant types to environment

Environment
Outdoor Indoor

Person Individual who hopes to promote autonomy © ©
Individual who often moves from bed to wheelchair ©

it indoors. The QUEST and PIADS scores for partic-
ipants C, E and F were relatively lower than those for
participants A, B and D. This was consistent with this
hypothesis with respect to outdoor versus indoor use
requirements. Thus, we confirmed our hypothesis that
users of different types showed different results.

From these discussions, the validation of our pro-
posed ULCEAT was implied.

5.3. Limitations

In this study, the experiment of Step 2 could only be
conducted with two categories of users out of the three
categories of users found in the results of Step 1. The
remaining category of users was composed of individ-
uals who required functional recovery training in a hos-
pital after orthopedic surgery. Thus, they were not able
to come to the location where the experiment was con-
ducted. These users have to be evaluated in a real-life
environment without Step 2 and the evaluation in an
experimental environment. In order to perform evalua-
tions in a real-life environment, it is necessary to identi-
fy four important experimental conditions: whether or
not it is possible to use Roboticbed , the most useful
environment, the problems with its use, and whether it
is safe. First, it is necessary to confirm these conditions
based on the results from the two categories of users
who were able to participate in the experiment. Fur-
thermore, the results from Step 1 should be analyzed
in detail to identify other conditions. In addition, the
evaluation in a real-life environment must be careful-
ly conducted. A trial use will be needed in advance.
These are some of the future plans for our project.

Furthermore, the proposed ULCEAT methodolo-
gy was confirmed through a clinical evaluation of
Roboticbed in an experimental environment. How-
ever, we conducted our evaluation and validated the
ULCEAT methodology using only Roboticbed . To
better validate our methodology, it will be necessary to
further test the ULCEAT methodology by evaluating
more participants and verifying more novel or proto-
type ATs.

6. Conclusions

The purpose of this study was to develop the UL-
CEAT methodology for the clinical evaluation of nov-
el and prototype ATs. The ULCEAT methodology we
propose consists of two steps: evaluation by rehabili-
tation professionals and evaluation by potential users.
Evaluation is mainly based on qualitative research as-
sisted by rehabilitation professionals and users. Our
proposed methodology was confirmed through clinical
evaluation of Panasonic’s Roboticbed . From our re-
sults, three types of users were identified, and their abil-
ity to effectively use Roboticbed was confirmed. The
results also demonstrated the utility of evaluation by
rehabilitation professionals and potential users of the
ULCEAT methodology. Therefore, we conclude that
this evaluation method is implied for the conventional
evaluation of ATs.
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