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1. Introduction

The Assistants for Safe Mobility (ASSAM) project is a tri-national project funded jointly by the European
Union and the national funding organizations of Germany, Spain and the Netherlands. The project aims to
develop a new generation of modular mobility assistants for the elderly who experience a decline in physical
and cognitive functions, whilst focusing particularly on promoting the autonomy of the end-user (Krieg-
Briickner, Bothmer, Budelmann, Crombie, Guerin, et al., 2012). The project incorporates the development of
several mobility assistants (i.e. walker, electric wheelchair and tricycle), which can all be fitted with several
modular components assisting the end-user. These modules provide the end-user with help in case of
emergencies, in maintaining balance, avoiding obstacles and finding directions, as well as allowing an easy
transition between indoors and outdoors (Krieg-Briickner, Crombie, Gersdorf, Jiptner, Lawo, et al., 2012).

Evaluating the success of an undertaking with the scope of the ASSAM project poses a variety of
obstacles to be overcome. The end-users involved in testing the mobility assistants come from three different
countries, namely Germany, Spain and the Netherlands. This in itself already poses two distinct issues.
Firstly, the end-users organizations in each of the three countries all possess different clienteles with distinct
demographics on age, physical and mental disabilities, as well as the use of mobility assistants. Secondly,
the evaluation of the newly developed mobility assistants will have to take place at three different locations
across Europe. Furthermore, the ASSAM project will go through different iterations of testing, in which the
setup of the modular devices will vary. In order for these obstacles to be overcome, an evaluation framework
will have to be developed that is capable of testing at various locations, with varying user demographics,
sensitive to all possible variations of the devices being tested.

ASSAM is not the first research & development project on autonomous mobility assistants (European
Commission; LoPresti, Sharma, Simpson, & Mostowy, 2011; Roéfer, Mandel, Lankenau, Gersdorf, & Frese,
2009; S. P. Levine, Bell, Jaros, Simpson, Koren, et al., 1999). Whilst providing valuable insights, the
predecessors to the ASSAM project do not provide a comprehensive evaluation framework applicable to the
broader scope of the ASSAM project. In this paper previous research on mobility metrics as well as research
on user-centered design and usability evaluation methods will be evaluated and put in perspective with the
ASSAM project. Furthermore, this paper will present the process that the Utrecht School of the Arts (HKU),
responsible for developing the testing and evaluation in the ASSAM project, has gone through in developing
a comprehensive evaluation framework capable of overcoming the obstacles that go with the tri-national
research & development project that ASSAM is.
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2. User-Centred Design

In the ASSAM project a user-centred (also known as participatory) design methodology will be applied to
ensure participation of the end-users (Krieg-Bruckner, Bothmer, et al., 2012). User-centred design originated
in the 1980’s and was popularized to the public with the publishing of Donald Norman’s book The
Psychology of Everyday Things (Norman, 1988). It is a broad concept, with the underlying idea that end-
users are involved in the design process, and how the product eventually takes shape (Abras, Maloney-
Krichmar, & Preece, 2004). It has been mere—further formalized by the International Organization of
Standardization, originally in 1ISO 13407, but updated in 2010 to the new standard 1SO 9241-210
(International Organization of Standardization, 2010).

In the ASSAM project all development decisions will be made with the goals and needs of end-users
in mind. Consequently, the devices will be evaluated whether these goals and needs are met or not.
Moreover, the evaluation of the devices in functional usability field trials, and prolonged use of the devices in
everyday usability field trials, will partly determine whether the ASSAM project is successful or not (Krieg-
Brickner, Bothmer, et al., 2012). For the evaluation to take place we need to be aware of what the end-
users’ goals and needs are, or the user requirements, and what situations they might face with the mobility
assistants, or the use cases.

2.1 User requirements

To distil the user requirements from the tri-national clienteles, the ASSAM project made-makes use of
persona creation. Personas, a concept introduced by Alan Cooper in the 1990’s (Cooper, 1999), are
archetypal characters that describe behavioural patterns and goals. These personas use storytelling to
provide valuable information and insights on what the user might need and what his or her goals are. While
not being representations of just one user, personas represent specific groups of possible users, so that the
body of personas is as extensive as needed be to describe all relevant behavioural patterns.

Personas for the ASSAM project were created by the representatives of each of the end-user
organizations in Germany, Spain and the Netherlands. They were instructed by HKU to provide a set of
personas representing their clientele based on their experiences with clients and their caregivers’
information. All personas from the three end-user organizations were combined for a total of 11 personas.
These were analysed for overlapping behavioural patterns, goals and particular mobility device needed, and
combined into a total of 5 personas. These personas will provide the basis for the user requirements of the
mobility assistants.

2.2 Use cases

To build a successful line of mobility assistants not only the needs and goals of the users are helpful,
information on the situations these mobility assistants may encounter are also necessary. There are several
different methods to gather this information, and although they might hold similar information, the means of
gathering the information vary greatly. The first method is called ‘use cases’, which is somewhat deceptive
as all the methods provide cases in which a device will be used. The ‘use cases’ method describes all
interactions between an actor and a system, mostly following a specific set of conventions for doing so
(Goodwin, 2009). The second method is called ‘user stories’, which comprises a few sentences of what an
actor may encounter during the interaction with a system. Both of these methods do not incorporate the
attitudes and feelings of the actor, something of great importance in user-centered design. There is,
however, a method that does incorporate this, namely ‘scenarios’. “A scenario is a plausible description of
the future based on a coherent set of assumptions” (Goodwin, 2009). In a scenario the behavioural patterns
of an archetype, in our case the above described personas, are described in relation to the use of a future
solution.

As with the personas, the scenarios were provided by the end-user organizations based on the
possible situations their clientele might face, totalling a number of 9. These scenarios were again analysed
for overlapping patterns and distilled into a set of 5 scenarios, one for each persona using a mobility
assistant in context. These scenarios provide the basis for the use cases; the situations a mobility assistant
might be used in (i.e. not the ‘use cases’ method described above).
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2.3 Usability evaluation

Now that the user requirements and use cases are known, the next step is to translate these into evaluation
criteria. There is, however, no ere-single established method for doing so (Cresswell & Miller, 2000), and it is
mostly done by deing-qualitative analysis in the manner the evaluator sees fitfitting. On the other hand, there
are a few well established methods for usability evaluation (John & Kieras, 1996; Nielsen & Mack, 1994),
though they do not apply to the analysis of personas and scenarios. They are particularly researched in
terms of their predictive power and use without consulting end-users (Jacobson, 1999; John & Marks, 1997).
Interestingly enough, these methods also suffer from inter-evaluator inconsistencies (Hertzum & Jacobson,
2003), which is a major criticism for doing qualitative analysis in user requirements analysis. Using personas
and scenarios does, however, provide a rich basis of information and context to fall back on when design
decisions have to be made. This much resembles the ‘thick description’ described by Clifford Geertz (1973).

While the established usability evaluation methods are not specifically applicable to the analysis of
personas and scenarios, there are some aspects which can be applied in a similar manner. The usability
evaluation method GOMS (Goals, Operators, Methods & Selection rules) is a method developed in the
1980’s (Card, Moran, & Newell, 1983). This method describes the interaction between users and an interface
in terms of a human information processor. The goals are what a user wants to accomplish and operators
are actions to accomplish this goal. A method is a group of different operators, and if different methods lead
to the same goal, selection rules determine which method will be used. Lets consider this method in respect
to the evaluation of user requirements and use cases. Say one of the use cases of the mobility assistants is
that one can act when one gets lost. The user requirements in this case might be that there is a route home
provided by the device, or that one can contact home. These translate directly into goals in the GOMS
method: getting home, or contacting help. Now the operators are the steps the end-user takes in order to
accomplish this task (i.e. turning on the navigation, selecting a route, choosing home as the destination).
When the goal is not accomplished, the operators can be useful in describing where and when something
went wrong. By using an analogy of the GOMS model, we can look at goals at different levels. A high-level
goal for the end-user might be safety while travelling with their mobility assistant, whereas a low-level goal
would be to maintain balance. Whenever a high-level goal is accomplished, the assumption can be made
that the low-level goals required for this particular high-level goal were also met. If not, the approach would
be to zoom in on the low-level goal with its corresponding methods and operators. By considering the user
requirements and use cases as goals to be accomplished, and the failure of achieving a goal as a result of a
selection of methods and the underlying operators, a standardized set of questions can be administered
whenever this occurs.

Of course, there might be more to a failure in achieving a goal than a set of operators; there might be
an environmental problem. In terms of the problem described above, an environmental issue in navigating
home might be the lack of a GPS signal in the subway, which would lead to a failure to accomplish a goal
regardless of the operators of the end-user. In the ASSAM setup, supervisors of test sessions are required to
provide rich material (i.e. photo, video), which will suffice in pinpointing such problems.
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3. Evaluation metrics

Designing for the elderly and disabled is a topic that has been given much attention over the past years.
Research shows that development for the elderly and disabled takes quite some careful thought (Arning &
Ziefle, 2009; Newell & Gregor, 2002), particularly on the development of interfaces (Holzinger, 2002;
Holzinger, Searle, & Nischelwitzer, 2007; Kleinberger, Becker, Ras, Holzinger, & Mdiller, 2007). It would
seem logical to get a comprehensive profile from each end-user participating in the testing and evaluation.
Whereas the personas and scenarios describe the general needs, goals and attitudes of the end-users to be
met in the design-process, this is not necessarily a portrayal of the users that are involved in the testing and
evaluation process. The data from the testing sessions is highly dependent on the end-user in question. So
in order to put the data into context we need to collect individual data on each participating in the testing and
evaluation.

Urdiales and colleagues present an overview of the metrics used in performance evaluation of
assisted wheelchair navigation, though most of these metrics can also be applied to other mobility assistants
(Urdiales, Peula, Cortés, Barrué, Fernandez-Espejo, et al., 2009). As not all metrics are applicable in the
ASSAM test setting, the specific metrics used and their consideration will be mentioned.

3.1 User metrics

User metrics refer to the demographic profile of the end-user and all questionnaires where the user is
central, not the interaction with the mobility assistant. This will be gathered prior to each testing session. First
of all, the demographic profile including age, gender, level of education and location of residence will be
collected. This will also include info on the mobility assistants and/or other assistive technology already in
use.

Next, more specific information on mobility, activities of daily living, the nature of the end-user’s
disabilities as well as the intensity of the disabilities will be collected. There are several options to accomplish
this. To establish a measure of mobility and independence in the Barthel Index of Activities of Daily Living
will be administered (Mahoney & Barthel, 1965). This is a short questionnaire comprised of 10 questions,
yielding a score range of 0 (completely dependent) to 20 (completely independent) (Collin, Wade, Davies, &
Horne, 1988). For a measure of cognitive impairment or dementia there are also questionnaires available,
such as the Mini-Mental State Examination (MMSE). However, as all the-end-users involved in the testing
and evaluation process are clients of one of the end-user organizations, it is quite possible that more
extensive data on this is already present. This includes any information on intelligence scores of end-users.
As the MMSE requires extra time during the test sessions, and all participants are deemed to be able to copy
and view objects (something that is not the case for at least part of the clientele), we will rely on information
provided by the end-user organizations.

Furthermore, the attitudes that the end-users pessess-have towards technology are something to
consider also. This might well influence whether one accepts a new mobility assistant or not. Especially for
the elderly, the attitudes of the end-user towards technology are a major reason for the rejection of
technology assistants (Arning & Ziefle, 2009; Wilkowska & Ziefle, 2009). The elderly generally pessess-have
less computer expertise and technical confidence, which correlate positively with perceived ease of use and
perceived usefulness of assistive technology (Wilkowska & Ziefle, 2009). Perceived ease of use and
perceived usefulness in turn are key components in technology acceptance (Davis, 1989; Venkatesh, Morris,
Davis, & Davis, 2003). Getting the elderly to accept technology thus requires some extra effort on ease of
use and usefulness of assistive technology, but also requires some form of measurement of attitudes
towards technology during the evaluation. While there are questionnaires available for uncovering attitudes
towards technology (such as the Matching Person & Technology scale or Psychosocial Impact of Assistive
Devices Scale), implementing these in the ASSAM test sessions will greatly affect the temporal load on the
end-users. We therefore will rely on the end-user organizations for this information and explicitly inquire
about these attitudes, allowing more time for testing multiple scenarios.

3.2 Interaction metrics

Interaction metrics refer to all questionnaires and data about the interaction between the end-user and the
mobility assistant. This is partly covered in the analysis of the user requirements and use cases; if a (sub-)
goal is not achieved information on where it went wrong is collected. This in turn means there is a measure
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of interaction error, i.e. the number of times there was a conflict between the end-user and the mobility
assistant.

Another, often used, interaction metric is the NASA Task-Load Index, developed over 20 years ago
(NASA, 1986). The NASA-TLX is a subjective measure of mental workload, not uncommon in wheelchair
studies (Sharma, Simpson, LoPresti, & Schmeler, 2012). The NASA-TLX consists of several subscales, such
as physical effort, mental & sensory effort and frustration, which combine into a weighted scale of workload.
The NASA-TLX will be administered in the ASSAM testing and evaluation as well, and hopefully show a
decline in workload as the devices are longer in use, and also as functionality increases.
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4. Integration into ASSAM test setting

With the details described of what is going to be tested-described, the question that now arises is how the
testing and evaluation is going to take place. Due to the tri-national setup of the ASSAM project, it is
impossible for one team to test and collect all the necessary data. Inevitable is the fact that testing will be
done at multiple locations throughout Europe, and that the supervisors who will do the testing might not be
the same every day. Furthermore, the sheer amount of expected data poses an interesting challenge for the
manner of collecting data. In short, the system must be simple enough to train_the supervisors over the
internet (preferably by written text), location independent, and find a solution for the sheer amount of data
while maintaining a secure handling of personal information.

The solution the HKU proposes is to develop an interface operable from a_mobile touch screen
device, such as a tablet. This interface will systematically guide the tester through gathering the
demographic profile, specific configuration being tested, answers to questionnaires, and of course testing the
user requirements. This system will securely store the data on the device, and securely transfer the data to
the database when it's connected to a network. Again, the data will be securely stored, only accessible by
the ASSAM-partners. From here the data can easily be used by the technical partners for the iterative
process of development, as well as analyzed for trends in the quantitative data.
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