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Many assistive robots for elderly and disabled people have been developed in the past few decades. However, very few of them
became commercially available. The major cause of the problem is that the cost-benefit ratio and the risk-benefit ratio of them are
not good or not known. The evaluation of them should be done in the light of the impacts of assistive technologies on users’ whole
life, both in short-term and long-term. In this paper, we propose a framework of evaluation and design of assistive robots using
ICF (International Classification of Functioning, Disability, and Health). The goal of the framework is the realization of the life
design and the improvement of the quality of life using assistive technologies. We describe the concept of utilizing ICF in the
development process of assistive robots, and demonstrate its utility by using some examples of practical application such as the
analysis of daily living, the design of assistive robots and the evaluation of assistive robots. We also show the issues of using ICF for
further development of the framework.

1. Introduction
There are growing needs for assistive robots which support
independent life of elderly and disabled people or help people
who work at the assistance and the nursing care. Although
a great number of assistive robots, for example, wheelchair
robots [1], walking assist robots [2], upper-limb assist robots
[3, 4], communication robots [5, 6], and so forth, have been
developed in the past few decades, very few of them became
commercially available. We believe the major cause of the
problem is that the cost-benefit (or risk-benefit) ratio is not
good or not known.
Cost, risk, and benefit are three important evaluation axes
of assistive robots. They are contradictory criteria, so getting
full points on all the evaluation axes at the same time is
difficult. Therefore, quantitative evaluation of them and the
trade-off among them are indispensable.
In the case of industrial robots, the cost-benefit is comparable between the robots and the human workers, since
the role of robots is simply to substitute for the human work.

Also in the case of assistive robots, we can estimate the cost,
comparing the robots and the labor cost of care staffs. However, the appropriate evaluation of assistive robots is difficult
unless we can estimate objectively and quantitatively the
contribution of them to the improvement of QOL (quality of
life). Note that the benefit of the robots here is not merely the
performance as an assistive equipment, but the advantageous
effect on the user and the user’s life.
For the risk of the assistive robot, an international standardization of the safety of assistive robots is being promoted
in a promising project “Project for Practical Application of
Service Robots” (NEDO, FY2009–2013) [7]. However, the
“risk” of being dealt with in this project is limited to the safety
issues of mechanical/electrical aspects of the hardware. Other
risks caused by use of assistive robots are not considered,
for example, the risk of a disuse syndrome [8] which is the
reduction of activities derived from excessive assistance by
robots.
The evaluation of cost-benefit and risk-benefit should be
done in the light of the impacts of assistive technologies on
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users’ whole life, both in short-term and long-term. This
needs a sharable and exhaustive description language for
robot and human, which covers a wide range of human life.
International Classification of Functioning, Disability, and
Health (ICF) [9] which was approved by the World Health
Organization (WHO) in 2001 is suitable for this purpose. In
this paper, we propose a framework of development of assistive robots using ICF, which includes the evaluation of the
assistive technologies in users’ life.
The rest of the paper is organized as follows. Section 2
describes the related conventional works on describing functions of a robot and a person. ICF is then introduced as a
new description language. In Section 3, the concept of how to
apply ICF to the development of assistive robots is described.
We show some examples of the application of the concept
from our studies. Based on these experiences, in Section 4,
we describe the issues of ICF towards its advanced usage in
engineering systems.

2. Related Works
2.1. Classification of Behaviors of Human and Robots.
Description of behavior of human and robots in a common
way is a key concept in our study. This section describes the
related works from this point of view [11].
Many frameworks for standardization of agents including
robots have been proposed as follows:
(i) RAC (Robot Action Commands) [15],
(ii) RSi (Robot Service Initiative) Protocol [16],
(iii) BML (Behavior Markup Language).
RAC is a set of generalized motion commands defined as
an extension of ORiN (Open Robot Interface for the Network) [17] which operates on different robotic platforms such
as industrial robots and pet robots. RSi Protocol is a communication protocol specification for robotic services that
uses the network. It promotes realization of service robots
which provide physical services and information services at
home and in the office. BML is designed to be a general
mark-up language to express multimodal behavior of agents.
It provides a framework for defining multimodal gestures
(including the face, the head, the hands, and the body) and
defining timing-synchronization. The language is to describe
behavior in an abstract way, independent of the agent model
or the actual engine realizing the behavior. Although these
three description methods were invented in order to generalize and standardize the behaviors of robots independent of
the platforms, they seem to have something to do with the
description of the specification of an assistive robot as well as
the needs of a person to be assisted.
Meanwhile, several methods for describing human activities are proposed and utilized mainly in the medical and
healthcare fields as follows:
(i) MET (Metabolic Equivalent of Task),
(ii) ADL (Activities of Daily Living),
(iii) IADL (Instrumental Activities of Daily Living),

(iv) ICF (International Classification of Functioning, Disability and Health).
MET is a unit used to compare the working metabolic
rate (the amount of oxygen used by the body during physical
activity) to the resting metabolic rate [18]. It is a way to
compare the amount of exertion required for different activities. At rest, the body uses one MET for basic functions such
as breathing. Moderate physical activity requires 3 to 6 METs,
and vigorous physical activity requires more than 6 METs.
ADLs represent the things we normally do in daily living
including any daily activities we perform for self-care (such
as feeding ourselves, bathing, dressing, and grooming), work,
homemaking, and leisure. The ability or inability to perform
ADLs can be used as a very practical measure of ability/disability in many disorders [3]. Health professionals refer to
the ability or inability to perform ADLs as a measurement
of the functional status of a person. This measurement is
useful for assessing the elderly, the mentally ill, and those with
chronic diseases to evaluate what type of health care services
an individual may need.
IADL stands for six daily tasks (light housework, preparing meals, taking medications, shopping for groceries or
clothes, using the telephone, and managing money) that
enable the patient to live independently in the community.
These three description methods can indicate how actively a person is living and what type of assistance a person may
need in some aspects.
However, they are rather rough in finding out the detailed
needs of a person. ICF is another way of describing the activities of an individual with finer and wider description capability, which is explained in Section 3.
2.2. ICF: International Classification of Functioning, Disability, and Health. International Classification of Functioning,
Disability and Health, known as ICF, is a classification of
health and health-related components. It was approved by the
World Health Organization (WHO). ICF belongs to the Family of International Classifications developed by the WHO
(WHO-FIC) and constitutes the core classification together
with ICD-10 (International Classification of Diseases, Tenthrevision) which classifies the health conditions (diseases, disorders injuries, etc.). ICF classifies functioning and disability
associated with health conditions. Therefore, ICF and the
ICD-10 are complementary.
The aim of ICF is to provide a unified and standard language and framework for the description of health and
health-related states.
2.2.1. Classification. ICF has two parts, each with two components:
Part 1. Functioning and Disability:
(a) body Functions and Structures,
(b) activities and Participation.
Part 2. Contextual Factors:
(a) environmental factors,
(b) personal factors.
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Figure 1: Examples of participation-level (a) and task-level (b) activities and corresponding codes [10].

Each component consists of various domains. Each
domain consists of categories, which are the units of classification. For example, “Activities and Participation” component
is further divided into categories shown below.
a1: Learning and applying knowledge,
a2: general tasks and demands,
a3: communication,
a4: mobility,
a5: self-care,
a6/p6: domestic life,
a7/p7: interpersonal interactions and relationships,
a8/p8: major life areas,
a9/p9: community, and social and civic life.
The ICF categories are coded by a character and a numeric
code that starts with the chapter number (one digit), followed
by the second level (two digits), and the third and fourth
levels (one digit each). The characters “a” and “p” in the above
list denote task-level activity (Activities) and participationlevel activity (Participation), respectively (Figure 1). Also, the
categories are “nested” so that broader categories are defined
to include more detailed subcategories of the parent category.
For instance, a detailed basic motion “carrying in the hands”
is classified into a subcategory of “a4: mobility” as shown
below.
a4: Mobility:
a410: changing basic body position,

a415: maintaining a body position,
a420: transferring oneself,
a429: changing and maintaining body position,
other specified and unspecified,
a430: lifting and carrying objects:
a4300: lifting,
a4301: carrying in the hands,
a4302: carrying in the arms,
a4303: carrying on shoulders, hip, and
back,
a4304: carrying on the head,
a4305: putting down objects,
a4308: lifting and carrying, other specified,
a4309: lifting and carrying, unspecified.
1,424 functions and factors are coded in ICF. When we
record the health and health-related states of an individual,
we select the appropriate category codes and then add qualifiers, which are numeric codes that specify the extent or the
magnitude of the functioning or disability in that category, or
the extent to which an environmental factor is a facilitator or
barrier.
2.2.2. Model of Human Life. In addition to the classification,
ICF provides a holistic model which grasps the entire picture
of human life. Figure 2 shows the model (we call it “ICF
model”). In this model, various components of ICF interact
with each other. An individual’s functioning in a specific
domain is an interaction or complex relationship between the
health condition and contextual factors (i.e., environmental
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Figure 2: ICF model.

and personal factors). ICF is based on an integration of the
medical model and the social model. Assistive robots belong
to the “environmental factor” and have impacts on the functioning components as this model expresses.
The favorable features of ICF for our purpose are summarized as follows:
(1) comprehensive classification to describe human life,
(2) standardized language (framework) which is sharable
among people involved,
(3) holistic perspective (model) about human life.

3. Development of Assistive Robots Using ICF
3.1. Problem of Evaluation of Assistive Robots. Conventional
researches of assistive robots tended to follow “seeds-oriented
approach,” in which a robot is produced as an application of
the preexisting seeds (technologies), and they seem to have
paid few attention on how they bring benefits to users’ life.
As we mentioned in Section 1, the benefit here is not merely
the physical performance of the robots.
The evaluation of assistive robots in previous studies
tended to focus on medical/functional ones [4, 19], which
measure the execution time and the success rate of a few
single tasks, for example. However, we have questions about
such evaluations, from the viewpoint of true contribution of
assistive robots. Is it a true need that a user performs a single
task using an assistive robot? Does the robot bring benefits
to the user’s life that more than compensate for the cost, risk,
and the other side effects? Does the high performance robot
have possibility of being a cause of the disuse syndrome?
We believe that we cannot judge whether a function meets
the true needs and whether it has no problem in daily living,
unless we conduct proving tests and clinical evaluations
adapted to each user’s life. In the existing conditions, the benefit evaluation of assistive robots is insufficient. We recognize
the following two problems.
(1) Most of the proving tests of assistive robots put
emphasis on the questionnaires about the feeling of
the effects and do not investigate the benefits to the
users’ life by quantitative and statistic evaluation
index.
(2) The contents of the proving tests are very small elements (actions) of the users’ daily living. The relation
between these actions and the improvement of users’
life is unclear.

3.2. Assistive Robots in ICF. As described in Section 2.2, ICF
has three factors, that is, health conditions, environmental factors, and personal factors, which interact with the
functioning of a person. An assistive robot is defined as an
element of the environmental factors. In concrete terms, it
corresponds to the following:
(i) e1151: assistive products and technology for personal
use in daily living,
(ii) e1201: assistive products and technology for personal
indoor and outdoor mobility and transportation.
In the ICF model (Figure 2), we see that the assistive
robots
(1) not only support “Activity” but also have impacts on
“Body functions and structure” and “Participation,”
(2) have impacts on the functioning of human, by combining with other environmental factors, for example,
welfare equipment, welfare services, and housing
environment.
As for (1), for example, we can recognize that an assistive
robotic arm has impacts on not only “a4300: lifting” (a subject
of direct supporting) but also “p820: school education” and
“p920: recreation and leisure”.
We should also realize that there are negative impacts in
addition to the positive impacts. A typical example of the negative impact is the disuse syndrome. Robot developers tend
to think that higher robot performance makes a better assistance. However, if a robot technology substitutes for human
activities and the user stops doing an activity which can
be done originally by the user, it is an excessive assistance
which leads to the disuse syndrome. Thus, clear definition
of function of assistive robot is necessary for determining
“indication and contraindication” (who should utilize and
who should not utilize) of assistive robots.
As for (2), it is no wonder that a single assistive robot cannot be the solution to all the problem, because the users live
in the various environmental factors, for example, living environment, personal relationships, social services, and sociocultural influences. We need to design the combinational
usage of the assistive robots with existing welfare equipment
(wheelchairs, prosthetic limbs, walking sticks, care lifts, etc.)
for effective assistance. Also, reorganization of the environment for the usage of robots by house renovation and cooperation with other social services are important matters to be
considered.
3.3. Concept of Life Design Using ICF. The rest of this section
describes the ideas on how to utilize ICF in the development
process of assistive robots—analyzing and discovering needs
in daily lives, designing robots, and evaluating the products.
Figure 3 shows the concept of life design with various assistive
methods based on ICF. If the status of current life and desired
life are described using ICF, and the effect of various assistive
methods is defined by ICF, the combinational usage of
assistive methods to fill the gap will be analytically obtained.
There are many ways to fill in the gap as follows:
(i) functional training,
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- Functional training by himself
- Assistance by
- Family members
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- Home renovation
- Assistive devices

daily livings in order to understand the structure of the
life, because it is not clear what kinds of task-level activities
should be assisted for achieving a certain participation-level
activity. Supposing that we need to build a cooking assistant
robot for a handicapped person, then the concrete contents
of assistance as well as the specification of a robot should be
determined first. It is actually very difficult to achieve in an
objective and quantitative manner. In addition, it should be
also noted that excess support of assistive robots may result in
disuse syndrome. Too much spoils, too little does not satisfy.
Therefore, the design of assistance should be performed to
avoid the excess and the deficiency.

- Prosthetics
- Off-the-shelf assistive devices
- Assistive robots

Figure 3: Concept of life design based on ICF [11].

(ii) support from family,
(iii) support from home helpers,
(iv) house renovations,
(v) conventional assistive devices,
(vi) assistive robots.
The robotics researchers and developers should notice
that robotics technology is not the only way to realize the
assistance, but the summation of the above-mentioned ways
is the assistance.
In this design framework, we place great importance on
discrimination of “function” and “motion/behavior” and relation between them. A function is a concept which emerges
when a sequence of motions/behaviors has a “purpose (or
goal)” [20]. For example, an alternating motion of legs
becomes a function of moving around when a human has
a certain purpose. An important finding is that the way to
achieve a function is not unique. Therefore, we can plan
various ways to support the functions in daily livings, and it
means that we can absorb the individual differences of
motions to achieve a function, because the aim of the assistance is not to recover all motions/behaviors of a human, but
to recover the functions a human wants to achieve.
It should also be noticed that the less functions and
motions an assistive robot has, the less cost and time is necessary to realize it. We should not try to develop an all-round
assistive robot. Instead, we should analyze the daily livings
of a person and develop simple assistive robots or devices
with truly necessary and sufficient functions or motions
for the person, in combination with other ways mentioned
above.
In the following, we show our practical examples of the
application of ICF in developing assistive robots, such as analysis of functions in daily livings (see Section 3.4) and robot
design and evaluation of assistive robots (see Section 3.5).
3.4. Analysis of Daily Living and Design of Assistive Robots.
It is important to analyze the functions conducted in our

3.4.1. Reasonable Design of Assistive Robots Based on Real Life
Data. We recorded a life-log of a healthy person and analyzed
it based on the ICF [11]. Action, time, duration, place, target
object, and purpose were recorded by voice recorder every
time when an action was taken, and 3964 activities were
recorded for five days. Figure 4 indicates the histogram of
all recorded activities. It can be seen that “pick and place,”
which are the very basic motion of the robot studied for
decades, are the most frequent activities performed in the
daily lives. Figure 5 indicates the task-level activities that
“cooking” includes.
By analyzing this life-log data, it was found out that
“lifting (a4300)” is included in 43% of participation-level
behaviors. By further analyzing them, it was found out that
approximately 90% of the objects of “lifting (a4300)” activities were less than 300 g. The exceptions were, for instance,
a kettle filled with water (1 kg) for “preparing complex meals
(p6301)” and a vacuum cleaner (3.8 kg) for “cleaning (p6402).”
This kind of information is very useful for finding out the
needs and designing assistive robots based on the evidence of
the real life. If a robot is able to lift up an object which weights
300 g, it can cover 90% of daily activities. The remaining
10% of objects can be handled by combinational usage of
other equipment, such as an electric pot with water supply
function instead of bringing a kettle, and a robot cleaner
instead of using a vacuum cleaner. This idea prevents us
from developing excessively high performance, heavy, and
expensive robots. Thus, we can efficiently and reasonably
design assistive robots based on life analysis using ICF.
3.4.2. Adaptive Design of Assistive Robots to Users. We
investigated the usage of both hands in “p630: cooking” of
daily life [12]. We recorded videos of cooking scene with
a head-mounted camera and analyzed the usage of each
hand in terms of the frequency and the time of actions.
The analysis was conducted using a newly developed videotagging tool (Figure 6). We can record the action and its
time at the same time, by selecting the on-going action from
the left-side column while we are playing the video. The
actions are classified based on ICF. Figure 7 shows a result of
analysis.
We confirmed that the usage of the nondominant hand
is auxiliary and greatly different from that of the dominant
hand. In concrete terms, we found the following facts.
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Figure 4: Frequency of distribution of activities [11].
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Figure 5: Activities included related with “preparing complex meals” [11].

(1) “Manipulating (a4402)” and “turning or twisting the
hands or arms (a4453)” are performed only with
dominant hand.

(3) 83% of actions in cooking consist of only four actions
such as “lifting and carrying objects (a430),” “pushing
(a4451),” “picking up (a4400),” and “grasping (a4401).”

(2) “Grasping (a4401)” and “pushing (a4451)” are performed mostly only with nondominant hand.

These results revealed that assistive devices for nondominant hand do not need the “twist” motion in cooking, and
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Figure 6: Analysis using video-tagging tool and ICF [12].
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Upper-limb disAbilities) is a novel robotic arm with linear
mechanism developed at AIST. By utilizing the RAPUDA, we
have demonstrated that a bottle of water can be picked up
from a table and taken to the mouth using a simple joystick
or single-switch interfaces [23]. However, the representation
of the specification such as “RAPUDA is capable of bringing
a bottle of water from a table to a mouth. Maximum weight
is 0.5 kg” is not sufficient. This is because a potential user
cannot know the difference between the two robots as to
which tasks can be performed and which tasks cannot. It is
further difficult to imagine how the whole life will change
when a user introduces the robot in his/her daily living.
There has been efforts in the community to determine
a “benchmark task” for assistive robots [24, 25]. It will also
be beneficial for a user to clearly indicate what activities
can be performed in terms of ICF. As a preliminary trial,
we described the tasks that the assistive robotic arms can
perform. Both the iARM and the RAPUDA can perform
following tasks:
(i) a430: lifting and carrying object:

0 300 600 900 1200
Times of the performance
of hands (s)
Dominant hand
Both hands
Nondominant hand

Figure 7: Time of actions for each hand in cooking [12].

we can simplify the structure of the assistive devices for
nondominant hand by excluding one degree of freedom. This
leads to the development of simple, light weight, low-cost, but
useful assistive devices/robots, which adapt to the utilization
form of each user.
3.5. Evaluation of Assistive Robots. In this section, we show
some results of evaluation of assistive robotic arms using
ICF [13]. The subjects are iARM [21] and RAPUDA [22]
(Figure 8).
3.5.1. Qualitative Functionality Evaluation of Assistive Arms.
In order to indicate the objective performance of an assistive
robot, it should have information including following items:
(A) tasks that the robot can perform,
(B) objects that the robot can handle,

(a) a4300: lifting,
(b) a4301: carrying in the hands,
(c) a4305: putting down objects,
(ii) a440: fine hand use:
(a) a4400: picking up,
(b) a4401: grasping,
(c) a4402: manipulating,
(d) a4403: releasing,
(iii) a445: hand and arm use:
(a) a4450: pulling,
(b) a4451: pushing,
(c) a4452: reaching,
(d) a4453: turning or twisting in the hands or arms.
On the other hand, both robotic arms are not capable of
performing following tasks due to the velocity limitation:
a445: hand and arm use:
(a) a4454: throwing,
(b) a4455: catching.
This kind of information corresponds to (A) tasks that the
robot can perform. We show other usage of ICF related to (B),
(C), and (D) in the following sections.

(C) environments where the robot can work,
(D) indication and contraindication of users.
ICF can be utilized for describing (A) and (D). The
qualitative and quantitative description of the specification of
a robot is especially important when comparing a robot with
another. The iARM is an off-the-shelf robotic arm from Exact
Dynamics, and the RAPUDA (Robotic Arm for Persons with

3.5.2. Quantitative Functionality Evaluation of Assistive Arms.
Young et al. [24] presented a prioritized list of 43 objects for
Amyotrophic Lateral Sclerosis (ALS) patients to pick up using
a robotic arm. We used these 43 objects as target objects, and
conducted operation experiments about “a4300: lifting” by
the iARM and the RAPUDA. Figure 9 shows the scenes of
the experiments. We put an object on a table and repeated
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(a)

(b)

Figure 8: Assistive robotic arms: iARM (a) and RAPUDA (b).

(a)

(b)

(c)

Figure 9: Evaluation experiment of assistive robotic arms [13].

trials of lifting up the object, in a given period of time, then
recorded the success rate.
The success rate varies depending on the conditions
such as the environment and grasping method. As the environment condition, we set presence/absence of a tablecloth
(TC), which changes the slippage of the target object. As
the grasping method, we set use/nonuse of table-edge (TE).
When we use the table-edge, we are allowed to grasp an object
after sliding it to the table-edge, so that a portion of the object
is out of the table. In addition, the presence/absence of rubber
finger (RF) is another condition in the case of the iARM.
The standard conditions are presence of TC, use of TE, and
presence of RF. The result is shown in Table 1.
The difference of the success rate between the iARM and
the RAPUDA depends on mostly the hand (not the arm).
Because the hand (finger) of the RAPUDA is thicker than
that of the iARM, the RAPUDA is not good at grasping flat
and thin objects such as books and magazines. When it did
not use the table-edge, table knife, straw, plastic container,
newspaper, wallet, coin, and stick were hard to lift.

Such information corresponds to (B) objects that the
robot can handle and (C) environments where the robot
can work, which is important to clarify the performance of
assistive robots in practical usage.
3.5.3. Requirement for Users. Adequate operation is required
to the users of assistive robots. This includes the operation
of the user interface, judgment of dangers, and finding of the
errors of robot. We listed up the requirements for the user of
assistive robotic arms as follows:
(i) b130: energy and drive functions (for keeping goal of
task),
(ii) b140: attention functions (for detection of danger/
error),
(iii) b144: memory functions (for acquisition of operational procedure),
(iv) b156: perceptual functions (for cognition of space),
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Table 1: Result of lifting experiment of robotic arms.

Robot and condition
iARM, standard condition
iARM, without TE
iARM, without TE and without TC
iARM, without TE, without TC, and without RF
RAPUDA, standard condition
RAPUDA, without TE

(v) b164: higher-level cognitive functions (for detection
of danger/error),
(vi) b176: mental function of sequencing complex movements (for action planning),
(vii) b210: seeing functions (for cognition of operation
interface, detection of danger/error),
(viii) b760: control of voluntary movement functions,
(a) b7600: control of simple voluntary movements
(for pushing switch of operation interface).
These are minimum functions of the level of “body functions and structure” in order to make full use of the robotic
arm. In addition to these, in order to prevent the disuse
syndrome, the assessment by medical doctors and experts
from the viewpoint, whether the assistance is excessive or
not, is indispensable. It leads to the representation of (D)
indication and contraindication of users.

4. Issues on Utilization of ICF in
Development Process of Assistive Robots
Based on our experiences, we describe some issues on utilization of ICF in assistive-robots development, for further
development of our framework.
4.1. Utilization of ICF Model. We have shown some practical
examples of utilization of ICF in the development process
of assistive robots in Section 3. We demonstrated some
advantages of using ICF, but all of them are only related to
one aspect of ICF as a sharable and exhaustive classification
about human life (Section 2.2.1). In other words, we have only
used ICF as a set of vocabularies to indicate various things.
The goal of our framework is the life design using ICF
and assistive technologies. For this purpose, we must develop
a methodology of analysis of the “true needs” and the
“effect/impact” of assistive technologies in the users’ whole
life. The ICF model (Section 2.2.2) is another feature of
the ICF framework providing useful viewpoints to analyze
human life. We should utilize the ICF model and clarify the
relations among many elements and factors of many levels of
the functioning. Figure 10 shows an image of the relations to
realize a goal (growth of participation). It represents how the
lower level activities linked to the realization of higher-level
concepts (participation).

Success rate
100.0% (43/43)
97.7% (42/43)
95.3% (41/43)
93.0% (40/43)
95.3% (41/43)
79.1% (34/43)

4.2. Need for Support Tool for Utilization of ICF. ICF provides
useful framework for robot development, but we also felt that
ICF is somewhat hard to use by nonexperts. In fact, although
ICF is utilized in various applications such as nursing care,
rehabilitation, and special needs education, it is still recognized as hard to use mainly because of too many items and
difficult terms [26]. In addition, Okawa et al. [27] remarked
that the deep analysis and evaluation in human lives require
high level of expert knowledge and clinical experiences. We
therefore believe that a support tool which assists the life
design will be a great help for nonexperts.
We are planning to develop a life design support tool
using the ICF framework, which assists the life design shown
in Figure 3. Figure 11 shows a schematic diagram of the tool.
This tool accumulates a lot of knowledge about relations
among many factors of ICF as functioning models. The user
interactively conduct the analysis and design process using
these models. This tool will be a kind of expert system using
ICF.
4.3. Need for Reorganization of ICF for Utilization in Engineering Systems. When we use ICF in knowledge systems like
the design support tool mentioned above, the ICF categories
(vocabularies) should be sharable, reusable, and scalable.
The current ICF intends to be used as a sharable language
describing human life. However, ICF seems not to have in
itself any mechanism facilitating the sharing. Efforts for the
sharing are entrusted to the user side.
As for the reusability and the scalability, although ICF is
classified into many categories, the systematization of them
is not enough. Kumar and Smith [28] investigated the ICF
categories and pointed out seven problems related to the
systematicity. We also confirmed the problems in our study.
They are digested into the following three items.
(1) Criteria of categorization are not consistent.
(2) Categorization is incomplete (segmentalization is
insufficient).
(3) Subsumption (is-a relation) is overemphasized.
An example of the item (1) is shown below.
[b110: consciousness functions] is positioned into the
series of concept lined by is-a relations which starts
with [b: body functions] followed by [b1: mental functions]. The concept series is about “function.” However, [b110: consciousness functions] has some childconcepts which are not the concept about function

10

Journal of Robotics

Making decisions

Using communication devices
and techniques
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Producing nonverbal messages

Basic interpersonal
interactions

Speaking

Doing housework
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Preparing meals

Moving around

Looking after one’s health

Walking

Drinking

Hand and arm use

Eating

Lifting and carrying objects

Dressing

Transferring oneself

Toileting

Changing basic body position

Washing oneself

Community life
Nonremunerative
employment

Acquiring skills

Mobility

Community and social
and civic life

Learning to write

Remunerative employment

Learning to read

Vocational training

Education, work,
and economic life

Interpersonal interactions
and relationships

Goal: growth of participation by subjects

Recreation and leisure

ICF participation

Domestic life

Self-care

Goal: suppress of growth of
assisted living

Handling stress and
other psychological demands

Learning and
applying knowledge

ICF upper activity

Communication

ICF lower activity

Figure 10: Image of relation among many factors of several levels of functioning.

Information sharing

Analysis of human life
Needs analysis

User
UI

Life design
Object people
Evaluation
Design

People
involved

Search and inference engine
Functioning model DB
Extended ICF DB

Assistive robots

Figure 11: Life design support tool based on an extended ICF
database [14].

such as [b1100: state of consciousness] and [b1101: continuity of consciousness].
Such inconsistencies are seen everywhere in ICF. Inconsistent criteria of categorization (conceptualization) make
the computational semantics vague and prevent knowledge
sharing, reuse, and extension. This is a fatal problem to
knowledge systems. Mea and Simoncello [29] pointed out
similar problems about the ICF’s systematicity, from ontology
engineering point of view.

Also, the vocabulary system should be readable for both
human and computer. ICF is mainly written in natural
language for human, not for computer. Though the ICF categories are coded by a character and a numeric code, it is not
machine-readable since it has no semantic foundation.
In order to solve these issues, we started reorganization
of ICF vocabularies [14] by ontology engineering approach
[20, 30]. This effort will contribute to the facilitation of
ICF utilization in engineering systems like the framework of
assistive-robots development we proposed.

5. Concluding Remarks
We proposed a framework of evaluation and design of
assistive robots using ICF. We demonstrated the utility of
the concept through some examples of practical application
such as the analysis of daily living, the design of assistive
robots, and the evaluation of assistive robots. From these
experiences, we also revealed the issues for further utilization
of ICF in engineering systems.
The application of ICF to the engineering field has been
just started. There will be many trials and errors, but we
will continue the development of the framework in order
to realize the development and the popularization of “truly
useful assistive robots.” For this purpose, not only the robotics
researchers and developers but also various types of experts,

Journal of Robotics
for example, medical doctors, healthcare workers, care managers, and the users, should work in collaboration.
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