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Abstract

The thesis examines the factors that need to be considered in order to undertake
successful design of user interfaces for older users. The literature on aging is surveyed
for age related changes that are of relevance to interface design. The findings from the
literature review are extended and placed in a human context using observational
studies of older people and their supporters as these older people attempted to learn
about and use computers. These findings are then applied in three case studies of
interface design and product development for older users. These case studies are
reported and examined in depth. For each case study results are presented on the
acceptance of the final product by older people. These results show that, for each case
study, the interfaces used led to products that the older people evaluating them rated as
unusually suitable to their needs as older users. The relationship between the case
studies and the overall research aims is then examined in a discussion of the research
methodology. In the case studies there is an evolving approach used in developing the
interface designs. This approach includes intensive contribution by older people to the
shaping of the interface design. This approach is analyzed and is presented as an
approach to designing user interfaces for older people. It was found that a number of
non-standard techniques were useful in order to maximize the benefit from the
involvement of the older contributors and to ensure their ethical treatment. These
techniques and the rationale behind them are described. Finally the interface design
approach that emerged has strong links to the approach used by the UTOPIA team
based at the university of Dundee. The extent to which the thesis provides support for

the UTOPIA approach is discussed.
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Chapter 1 Introduction

1.1 Designing software for older users

This thesis looks at the issues involved in designing software that older people can use
effectively. This is an atypical thesis with a much broader scope and broader research
aims than most PhD theses. In the period in which the thesis was done (1999-2002)
there was virtually no extant literature on designing interfaces for older users. It was
obvious that there would be a rapid shift to a much older population with a need to
engage with computing. Further it was apparent that older people, particularly older
people exposed to computer use for the first time, were finding computer use
challenging to say the least. However the HCl community did not appear to be involving
itself with this problem. On this basis it was decided that my research should take the
form of crisis research where the aim was to open up the area over a broad scope rather
than to provide exacting support for a single narrowly defined proposition. This implied
using a greenfields approach to the issue of how to design user interfaces for older
people rather than the more typical approach in PhD theses of deriving a relatively
narrow research question from extant literature. The research aim (rather than research
question) was to examine relevant issues for those who intend to design effective user
interfaces for older people. The intention behind the aim is to provide a research based
enquiry that opens up a new field and at the same time makes computer use more

accessible for older people.

In another sense the thesis is an extended case study of the process of acquiring the
skills and resources to carry out the design of software that older people can use
effectively. The thesis examines the aspects of aging that make older people a
distinctive group of users and reports on three studies of creating effective designs for
older users that were carried out in the course of the research. This is followed by
reflection on the research methodology that was developed in the course of these design

studies and further reflection on the design approach itself.
Interface design for a distinct group follows the general directions set out in approaches

such as User Centered Design and Task Centered Design. One acquires knowledge of

what makes the group distinctive. One acquires knowledge of the tasks that need to be
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supported by the design and the context within which the design will be used. One then
involves members of the group in prototyping and testing at various stages through the
creation of the design and its implementation. However the details of the approach may
need to be adapted if the group being designed for differs markedly from traditional
users. This thesis will provide an examination of adaptations of the approach to interface

design that assist in successful interface design for older people.

Design for older people certainly involves adapting designs to the limitations that age
imposes. However the study suggests that there are considerable subtleties that are
overlooked in a design mantra for older people of “big fonts, big targets and simple
layout”. There are a wide variety of ways in which age may affect older users in their
interaction with an application. In addition there are difficulties within designers’ likely
assumptions about older users. Older users are both likely to be considerably less able
than most designers expect while at the same time older users are likely to be able to
carry out more computer based tasks than might be expected from a first acquaintance
with their difficulties with computer use. The achievement of effectiveness in older
people’s computer usage depends on effective support from the interface design, but

also on effective training.

The term “older users” represents a degree of lazy thinking. The reason for special
approaches to design for some of the older population is that they are age affected, the
aging process has reduced some of the abilities we assume in younger users. Some
older users can be assumed to have few age reduced abilities well into their lives, the
design issues described in this thesis are less relevant to these people. Although the
thesis generally uses the less precise term “older users” the point that what is really
meant is age affected users should be born in mind. The distinction is somewhat blurred
however if, as seems likely, most older people have some age related effects even
though they can compensate for a number of them in normal circumstances and so

appear less affected by age.

One of the keys to designing for a distinctive group lies in acquiring a wide ranging
knowledge of the characteristics of the group. The thesis makes a case that the literature
on physical and cognitive aging contains a large body of information that is relevant to

interface design for older people. Within the literature study the thesis will set out a
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summation of the implications of aging for those designing interfaces for older people
and this is regarded as a useful resource. However the thesis will suggest that there is
considerable value in extensive interaction with older people so as to force designers to
confront the realities behind written descriptions of age related effects. Recent research
by Newell et al. (2006) makes it clear that being told about the issues of aging does not
prepare designers to make the paradigm shift needed in designing for older people. In
that study Newell and co-workers found that experienced interface designers persistently
discounted information they were given about older people’s needs and issues. When
these designers finally met with and observed older people working with computers they
could fairly be described as stunned by the extent to which they would need to adapt
their usual design practices to meet the older people’s capabilities. Yet all the points that
surprised the designers had been conveyed to them previously by people with extensive
experience in design for older people. Thus design for older users requires a decided
shift from design for users who are more like the designer. Interaction with older people
is a way of achieving such a shift but as will be seen working with older people has its

own special skills and sensitivities.

1.2 Relevance

Why is a study of interface design for older people relevant? There are two parts to an
answer. The first is that with the demographic shift to an older population there are a
considerable number of older people in the population and many of these people find
computer use difficult. If interface designs that specifically address aspects of aging
allow these people to use computers more effectively, then this clearly falls with in the
aims of HCI in terms of studying and improving human-computer interaction. However
the current older generation are largely people who have had no previous experience
with computers and their struggles with computing are intertwined with the issues of

learning computer skills as an older person.

The second aspect of relevance is to address the question of whether there is long term
relevance for the study, given that future cohorts of older people will bring considerable
experience of computing to their interaction with computers in their old age. We will now

proceed to look in more detail at each of these concerns.
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1.2.1 The demographic shift

It is now a commonplace that there is a higher proportion of older people in the
population. This is due to a lowered death rate among the older section of the population
and in many (but not all) western countries, reduced fertility among the younger section
that is not fully compensated for by immigration rates. What may be less appreciated is

that the scale and speed of this demographic shift is unprecedented.

The data presented here is for the United States, U.S. Census Bureau (2004). US data
may in fact show a less rapid move to an aging population than Europe or Japan. This is
both because of the high level of immigration from south of the US border and the high
birth rate of the US Hispanic population. These factors mean that there is more
replacement of younger population groups in the US than in Europe or Japan. None the
less the trend is stark. The data can be seen in summary in the following figure 1.1.

Supporting detail is supplied in Appendix A.
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Figure 1.1 Contrast in US population structure from 1950 to 2030. Y axis gives 5
year age bands with 80+ grouped in the top band. X axis gives percentage

contribution to the overall population.

In Figure 1.1 the top band represents the 80+ age group, the bands then descend in 5
year age groupings to age 0 to 4 at the bottom. The X axis gives the percentage that
each band contributes to the overall population. What is made very obvious in this figure

is that there is a very rapid shift occurring from a triangular population structure with a
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relatively small proportion of the population over 60 (12.1% in 1950), to a population
structure that is more nearly rectangular and having a substantial proportion of the
population over 60 (a forecast 25% in 2030). In fact a full 30% of the population is
predicted to be over 55 years of age in 2030 so the number of people who may benefit
from software that includes adaptations to the effects of aging can be expected to be

substantial.

This in turn leads to problems with schemes for supporting older people in retirement
caused by the increased number of older people combined with the reduced number of
working age tax-payers available to support them. This is predicated to mean that there
will be a need for older people to stay in some form of employment for longer, both in
order to support themselves and because there are going to be fewer younger workers
to replace them. In addition having fewer younger workers means that older people are

likely to need to find ways of being less reliant on care givers and younger supporters.

1.2.2 The shift in the role of computing

The demographic shift has come at a time of major technological change, one aspect of
which is the increased role of computers in work, communication and access to services.
Some extent of computer fluency is becoming a requirement for full access to society.
Already computer access can be a cheaper and faster way of accessing services such
as banking. It is possible that the price and ease differential may increase to the point
where not being able to use computer based services may leave people marginalized. It
is also likely that if older people will need to have computer skills if they need to maintain

themselves in employment within an increasingly computerized workforce.

1.2.3 Aging for a computer experienced population

The argument is sometimes made that this problem only exists for the current cohort of
older people who entered old age without prior computer skills, further it is argued even
this group is now on-line and so the issue of older people and computing is vanishing.
There is limited direct evidence here but what is available is not reassuring. Firstly there
is some evidence that after a very high rate of initial uptake, the rate at which older
people are taking up computer use has leveled off and is now doing no more than keep
up with new recruits to the older population and those older people who cease using

computers, leaving around 80% of the older population as non-computer users, the
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figures are based on reports from the Pew institute, see Fox (2004). Again, examining
the data provided in the Pew reports, in most categories of computer use older users
remain the most infrequent and least sophisticated users as well as being the slowest

group to adopt new trends.

In addition to this, computer use in the next cohort to become old, current 50 — 65 year
olds has not been universal. There will be substantial groups of non computer users
within this next older generation. Further there is some evidence that those in the 50 —
80 plus group who have learnt computing skills are on average more able than those
who remain non-users. From this it could be argued that the problems facing older
beginners may in fact be more severe in the next years than for the older people who
adopted computing earlier. Again, where older people delay learning computer skills, the
continuing effects of aging mean that the act of delay can make skill acquisition harder.
On this basis there will remain a significant section of the older population who have the
potential to benefit from gaining computer skills (and from software designed for their
needs) but who will not find gaining such skills easy, who may indeed find the required
learning harder than did those who went before them. The position of such people will
not be helped by the assumption that the issue of computing for older people has been

solved.

There is another strand to the counter argument, this suggests that the above is merely
about timing. At some relatively near point in the future virtually all new recruits to the
older population will have extensive computer experience and then surely the issue of
special needs for computing for older people will vanish. Again | suggest that what little
is known is not reassuring. One should firstly note that the Pew reports do not suggest
that any current adult age group is completely computer literate. Findings on retention of
expert behavior into old age from studies by Charness (1988) and Salthouse (1990)
indicate that while skilled behavior is preserved into old age, particularly if practice in the
behavior continues, there is virtually no generalization of the preserved abilities to
presumably closely related abilities. Thus people may continue to practice as respected
architects into their seventies but when tested on general problems involving spatial
perception they do not perform better than the general older population. The implication
is that we (the computer literate) will go into old age with a fairly specific set of computer

concepts and skills but we will not find it easy to generalize those skills when the nature
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of computing undergoes a paradigm shift. It is worth noting that changes in the form of
computing are a significant economic driver of the industry and that there is no indication
that current changes such as the emergence of the web or the shift to portable and
eventually ubiquitous computing represent any cessation of change in the industry. If, as
we age, we find it increasingly difficult to adapt to changes, it may well be that in old age
we will be most comfortable with the computing skills, concepts and tools we learnt in
our mid 50s. Where these are no longer available we will perhaps be more similar to
today’s bewildered older novices than we might like to imagine. In this case the sections
of the thesis on older people’s issues in learning computer skills can be expected to

retain an uncomfortable relevance.

There is also the point that overwhelmingly software and its interfaces come from
designs that are produced by younger designers. The reality is that, unless forcibly
restrained, designers will tend to design for people somewhat like themselves. This
means that as we age we will be likely to meet software that assumes we can read 8
point fonts on colored backgrounds while dealing with fine manipulation and coping with
memory demands that do not accommodate our likely reduction in short term memory
capacity. Less rhetorically some of the difficulties that face older computer users come
from normal aging. Although there may be some technical progress in alleviating some
aspects of aging it is perhaps wise to assume that as those currently computer literate
age they will be affected by much the same effects of aging as the current older
generation in terms of things such as vision, manipulative skills and declines in aspects
of cognitive capacity. Where such effects of aging conflict with the assumptions about
ability that designers build into their interfaces, the new computer literate old will still face
problems in coping with software. From this perspective those parts of the thesis that
examine the ways in which software can be designed so as to make allowances for the

effects of aging will also retain their relevance.

1.3 The history of the current research

My study of aging and its implications for interface design began in 1998 with a survey of
the literature on physical and cognitive aging. This gave a view of the way in which the
consequences of normal aging might be seen as indicators of characteristics of an older

population that interface designers should be aware of and build into their designs. This
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led to two conference papers and a journal article, see Hawthorn (1998a, 1998b and
2000a). At this stage two strands of enquiry were pursued, | decided that the pure
research perspective of the majority of the findings in the literature | had surveyed meant
that there would be benefits from open ended observation of, and involvement with,
older people who were using computers or trying to learn computing skills. This resulted
in me observing as older people were taught computing in a variety of settings and also
involved me in discussions with older computer users. At the same time | began a study
that sought to explain the observed problems that older people had with software in
terms of a dual task model where using cognitive resources for managing the interface
of an application reduced the cognitive resources available for the older person to work
with the substantive task that they were using the software as a tool to achieve. |
designed a pilot study to test an experimental approach to studying the dual task

hypothesis.

Thus at this stage | was involved in two simultaneous studies, one a fairly open ended
observation-based study of older people and computing, the other a pilot for a traditional
experimentally based test of a hypothesis. The results were striking. The observational
study expanded to involve the construction of an interactive tutorial for introducing older
people to very basic computer skills. Here the implications for design of the literature
review of the effects of aging and my ongoing interaction with older people came
together in a very successful design that is still in use today. Further the identification of
the sorts of gaps in computing knowledge that affected older people and the extent to
which such gaps seemed likely to persist provided valuable information for interface
designers intending to work in this area. On the other hand the pilot study ended with no
support for the dual task hypothesis in its simple form and with the recognition that
treating the older volunteers in the study as experimental subjects had both distorted the
level of realism and motivation obtained from them and had also exposed them to
stresses that could be seen as unethical. The contrasting outcomes from the two studies

led to a major change in the intended direction of the thesis.

The experimental approach was dropped for a variety of reasons. It was felt that the
level of understanding of the effect of aging on computer use was too limited for the sort
of hypothesis testing used in more mature areas of knowledge. It was also observed that

a wealth of relevant knowledge came from working with older people during the process
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of interface design. In the process of working with older people to design interfaces that
they could use, the older people expressed themselves to be well rewarded with their
participation. This contrasted with the distress, disengagement and boredom shown in
parts of the dual task study. The clinching argument came from considering the utility of
hypotheses at the level of the dual task hypothesis if in fact the hypothesis had been
sustained. What was found in constructing the interactive tutorial for older beginners was
that a knowledge of the effects of aging (from the literature review) combined with
frequent feedback from older people with an ongoing relationship to the design project
gave a good basis for a designer to proceed with creating a successful product. In
contrast a hypothesis such as the dual task hypothesis might be publishable if sustained,
but was of less value in providing a designer with well targeted guidance. It was a
reminder that the thesis was intended as an applied study and that the research

techniques and outcomes should reflect this.

This change of direction saw the focus of the research shifting to case studies of design
for older people based on both knowledge of the effects of aging and on encouraging
considerable involvement from older people in developing the interface designs. A
further interactive tutorial was constructed dealing with training older people in file
management as a way of both checking the lessons learnt in the design of the
interactive tutorial for beginners and of expanding the area of training to investigate the
way in which training might be designed to allow older people to deal with software that
was more complex and not specifically designed for older people. This file management
tutorial was relevant to the thesis aims in several ways. For a start it considered the
utility of an interface designer incorporating interactive training into their designs when
the task involved areas of unavoidable complexity. It also looked at the possibility of
designing training instead of redesigning a complex package thus giving an alternative
strategy for allowing more effective software use by older people. Finally it provided
another example of designing an application (the interactive tutorial itself) that older
people could use easily. The completed tutorial was then tested with further groups of
older volunteers and found to be highly effective both as usable software and as an

effective training strategy.

This use of case studies in effective design was continued in the final study for the

thesis. Here a reasonably full featured email system was constructed using the design
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approach that had been used for the two interactive tutorials. It was desired to retain the
emphasis of the thesis on providing useful information for designers who were going to
produce interfaces to be used by older people so the design focus was shifted to what
was clearly application development without a training/tutorial focus. The system was
evaluated with further older volunteers and was also put into long term use with a
smaller group of older people. The results again support the idea that designing from a
knowledge of the effects of aging coupled with the ongoing involvement of older people
in the design process is a basis for a design process that results in products that are

considerably better suited to older users than standard software.

There was then a nearly two year gap where illness resulted in very little progress with
the thesis and writing up was not resumed until mid 2005. What has emerged from the
writing up process is an examination of the research methodology and the design
approach that evolved in the course of the research for the thesis and the positioning of
these methodologies as important results of the overall research. The work on an
appropriate design approach for working with older people in particular is seen as being
important for designers intending to work with this target group. The thesis is less
specific on specific design points such as, “use Arial 14 point font on a plain strongly
contrasting background” since it was apparent that the sort of advice that was
appropriate would vary strongly with different applications, consider for example
Zaijchek’s (2003) work on telephone information systems for older people.
Recommendations for specific aspects of design are given in each of the chapters
discussing an interface design development case, other work on specific design
recommendations is identified in the literature review and the general recommendations
from all the design cases are collected in an appendix to the thesis. However the role of
these recommendations is seen as illustrative of the way that the designer can proceed
from knowledge of aging to techniques appropriate for a particular development rather

than a prescription for designing for older people.

1.4 What is meant by “older” people

Throughout the thesis there is reference to older people and older computer users. This
is a convenience but should not be taken as implying a uniform “older” group. Because
of the diversity of their life experiences coupled with the highly variable way that

individuals are affected by the onset and progression of aging, the “older” group is the
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least uniform of the developmental stages. From the point of view of an interface
designer it is not age itself that is the problem but some of the effects of aging such as
reduced vision, reduced manipulative ability and a variety of cognitive effects that lead to
declines in memory, reasoning ability and speed of learning. Typically in this research
the older people involved were aged between 65 and 85 but numerical age is relatively
insignificant. What matters is the extent to which one or more effects of aging such as
reduced vision, reduced manipulative ability and a variety of cognitive effects are
present. Again this research is aimed at older people who have moderate levels of
functioning, this is not an attempt to make computer use available for people suffering
from extreme effects of aging. Age itself can be seen as a surrogate variable that is only
loosely correlated with the effects of aging. We use “age” and “older” as terms for our
own intellectual convenience but it is the (individually varied) effects of aging that are

actually of importance.

For this reason the thesis has focused on a group of people within the older population,
those older people who have difficulties in using standard software and standard forms
of instruction in computer skills. The thesis takes it as a given that a large number of
today’s older people have difficulty using the available software, see Czaja and Lee
(2003). The thesis does not attempt to identify the prevalence of this group in the overall
older population or to examine the frequency of the various forms of age related decline.
The assumption is made that by selecting volunteers from people who self identify as
having problems with software use due to the effects of their own aging, we have a
group of people whose problems are relevant to the age related problems with computer

use present in the wider older population.

Later chapters will look at the design implications of the diversity in the older population.
Here it suffices to say that the design aim is not to make software that is usable for all
older people, nor is the aim to cope with a clearly defined sub-group of older people who
have a particular set of age related concerns. The aim of the thesis is to provide
designers with resources and guidelines that will increase the number of older people
who can make use of the interfaces they design. As part of this approach the designs
developed and examined in the thesis take the stance that a particular form of age
related disability may or may not be present in an individual who uses the software.

What becomes important in designing for older people is that the software contains
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features that make it more usable for different individuals with a number of different
expressions of age related decline. Such design needs to be done in such a way that
design for any particular age related issue does not disadvantage those older users who

do not suffer markedly from that particular aspect of aging.

1.5 Overview of the thesis

The structure of the thesis at a chapter level is given in this section and then the more
detailed argument set out in the thesis chapters is examined in the following section.
This first introductory chapter is followed by a second chapter containing a literature
review, that looks at work on physical and cognitive aging where this has relevance to
interface design as well as looking at work on interface design for older people. The third
chapter reports on the pilot study for the intended experimental examination of the Dual
task hypothesis. The fourth chapter reports on the experiences with older learners that
led to constructing an interactive tutorial for older beginners and goes on to describe that
tutorial. After this chapter five reports on the development, design and evaluation of a
second interactive tutorial constructed to help older people learn file management skills.
The sixth chapter reports on the development, design and evaluation of an email system
for older people. The next chapters describe the research methodology (chapter 7) and
the design approach (chapter 8) that emerged from the study. There are considerable
parallels in the research and design approaches developed in this thesis with those
developed in the UTOPIA project based at the University of Dundee and so chapter nine
compares the two approaches. Finally conclusions from the overall research are

presented in chapter 10.

1.6 The detailed structure of the thesis

This section will provide an introduction to the detailed argument laid out in the thesis.
The aim is to provide the reader with sufficient information about the material covered in
each chapter to allow the reader to form a picture of the way in which each chapter

contributes to the overall argument of the thesis.

1.6.1 Chapter 2 - The literature review

The initial form of the literature review was driven by the relative lack of studies on
interface design for older people that were available in 1997. This meant that the topic of

design for older users was a relatively new topic and the usual approach of reviewing an
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existing body of relevant literature was not available. There was not only a lack of
literature that was specifically linked to my chosen topic but | was also aware of my
limited technical knowledge of the effects of aging. As | read in order to increase my
knowledge of aging and how it could relate to interface design for older people it became
apparent that this offered a useful and appropriate approach to a literature review. As
the review itself makes clear, there are a very large number of effects due to aging that
could cause problems when an older person interacts with software designed (by) and
for younger people. The literature on cognitive and cognitive aging is largely based on
studies that contrast the behavior of older groups with younger control groups on a wide
variety of experimental tasks. Studies typically seek to establish differences in behavior
on the experimental tasks and then infer, support for, and, counter arguments to, various
theoretical explanations of the difference. This is a body of literature that is strongly
concerned with the theoretical mechanisms of aging and much less concerned with
applied research or with supporting application of any findings. However it also
represents a potential treasure trove for the interface designer. Firstly there is the
emphasis on establishing differences in ability and behavior between younger people
and older groups. This is clearly one of the areas of knowledge that an interface
designer should acquire when designing for any group that is significantly different from
the designer and the sort of user that a designer might assume. A second feature of the
literature on physical and cognitive aging is the breadth of aging effects that have been
(and continue to be) studied. Thus work on vision and aging looks at far more than
simply the size of recognizable targets. Some of the sub-topics cover changes to color
perception with age, the effect of age on the width of the useful visual field, effects of low
lighting and of off center location of targets, ways in which ability in visual search
decreases with age and many others. A third benefit of using this literature as a resource
is that there is experimental rigor in proving the existence of this wide variety of

differences between young and old.

However there is a note of caution needed here as the findings in this literature are not
specifically intended to support application of the findings or use by interface designers
in particular. Not all findings are in agreement and it is possible that particular findings
may be artifacts of the experimental conditions under which they were obtained and
might be less apparent in older people’s behavior in real life situations. In addition the

experimental conditions are created to examine and challenge specific theoretical
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issues, they provide tight control on variability, they are not designed to recreate the
conditions faced by an elderly computer user in their home. It is usually sufficient for the
hypotheses being tested in the original research to show that a difference exists
between the young and old groups of subjects in the particular study, this does not
translate into information about how widely an effect of aging is distributed in the
population that an interface designer may be interested in, nor does the theoretical
literature provide much guidance on the strength of various effects in the general older

population.

There is a further problem in that the literature is not a source of guidance on how the
findings should be translated into aspects of interface design for older people. If, for
example, peripheral visual stimuli need to be stronger for older people to be aware of
them, does the designer make them stronger, or design so as to place less reliance on
peripheral vision? In taking either choice what trade-offs does the designer make that
may impact on how the design affects some other aspect of aging? Again there are
literally hundreds of old-young differences, which one’s are likely to impact a particular
design? Further if there is a requirement that interface design recommendations for older
people be subject to rigorous experimental verification, then the number of possible
design implications from the literature on physical and cognitive aging, the number of
possible interactions of such implications and the number of ways in which adaptations

to the implications could be implemented lead rapidly into paralysis by analysis.

What | suggest is that providing consideration of the possible implications for interface
designers in the findings of the literature on physical and cognitive aging provides
designers with a useful resource but not a rulebook. The role of the literature review in
this thesis is to assist in the understanding of the process of developing designs with the
participation of older people. It is not intended to provide background for some

hypothesis to be tested in the course of the thesis.

As time has gone by there are an increasing number of studies of specific aspects of
useful design for older people. The literature review has expanded to include these
studies but the material from the literature on physical and cognitive aging has not been

correspondingly shrunk. It is my contention that awareness of this literature and a
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continuing process of updating one’s knowledge in this area is a valuable resource for

any designer involved with older people.

1.6.2 A pilot study — Chapter 3 and the Dual Task pilot study

Chapter 3 “The Dual Task pilot study” describes an attempt to operationalize a
hypothesis that, if supported, would assist designers in incorporating the findings of the
literature review into their designs. One of the concerns that occupied me after
completing the first version of the literature review was how to test the effectiveness of
the implications that | had drawn from it. As pointed out in the preceding section, there is
such a richness of implications that an experimental study at the level of verifying
individual recommendations or even many such studies would be beyond the resources
of even a well funded research institute, let alone a single PhD student. None the less |
was strongly influenced by the almost exclusively experimental format of the literature on
physical and cognitive aging. How then could one proceed with an experimental study
that supported designers using the design implications of the literature on physical and
cognitive aging as a framework for better design? After some consideration it appeared
possible that a way of linking the individual implications to an overall framework for
assisting older users might lie in the studies looking at how older people performed in
dual task situations. It had been established that as people became older they showed
poorer performance on dual task performance than younger subjects. This was usually
explained in terms of older people having a more limited cognitive capacity than younger
people and hence if they performed two tasks simultaneously the cognitive resources
needed for performing one task would reduce the cognitive resources required for
performing the other task. Under this formulation one could suggest that handling the
demands of the interface became one of two tasks the older user was engaged in,
referred to in Chapter 3 as the interface task. The other task was whatever job had led
the older user to use the software in the first place, for example, writing and sending an
email, this latter task was designated the substantive task. The dual task hypothesis
then stated that the demands of the interface task had the potential to compete for
cognitive resources with the substantive task. Hence a designer should reduce the
cognitive demands of the interface task by plugging in design features that reduced
demands on the older users in accord with the suggestions from the literature review.
This, it was argued, would allow the older user to devote more resources to the

substantive task and promote more effective computer use by older people.
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A basic experimental design was developed in which older subjects would perform a
task under differing levels of both interface difficulty and task difficulty. Two variations of
the experiment were designed so that the test of the hypothesis could be replicated
under two different types of task and interface. A pilot study was organized using 12
older volunteers. The bulk of Chapter 3 is devoted to describing the method and the
results. However the core contribution of chapter 3 is in its last few pages where the
results and the rethinking of the thesis that they prompted are discussed. This is

addressed in the next sub-section (1.6.3).

What emerged was a complete lack of support for the dual task hypothesis. This was
unexpected and daunting. | had already established that a finite set of resources would
not allow experimental verification of the individual usefulness of the recommendations
from the literature survey. | found the dual task hypothesis appealing and hard to
disbelieve. It appeared though that if it were true it did not operate on a simple level over
long periods of software use but it still might operate at a second by second level within
the loadings that interface and substantive tasks simultaneously placed on various
subsystems such as memory, vision and manipulation. This was potentially interesting if
substantiated but it did not offer ready guidance to designers unless they were willing to

engage in a level of task analysis that would be unusual and demanding.

1.6.3 Changes to the research direction from the Dual Task study

In the discussion and conclusions at the end of Chapter 3 the groundwork is laid for a
complete change in direction for the research underlying the thesis. The resulting new
directions resulted in useful and productive research. The issues raised by rethinking my
approach in the light of the failure of the pilot study to support the dual task hypothesis
included a question of whether designers would be helped by the level of abstraction
that is represented by overall hypotheses or would they be better served by a
background understanding of the effects of aging at the level of concrete issues that
could be countered by appropriate design features? The older subjects in the Dual Task
pilot had also shown unexpected distress when the experimental tasks led to them
failing to achieve, thus placing older participants in such situations was ethically

questionable.
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Again the focus groups’ discussions of the subjects’ experiences during the experiment
and in their day to day efforts in computer use provided a wealth of relevant information
that was not tapped by the experiment and its results. It seemed apparent that a wider
and more human understanding of older users would yield useful information that was
not available in the literature that had been reviewed. (In fact there is information in the
literature on psychological and social aspects of aging that would be relevant and related
to the stories told by the Dual Task subjects in the focus groups but extending the
literature survey to this extent was impractical.) At the same time as the Dual Task study
was occurring | was involved in observation of older people in a variety of contexts and
the relevance of the material gained here reinforced my decision not to rely solely on an
experimental approach and its implied distancing from the subjects so as to obtain

objectivity.

It was apparent that the older people who volunteered as subjects in the Dual Task
study were considerably better educated and had greater levels of career success than
the general population. Thus another concern raised by the Dual Task study was the
need for finding ways of recruiting older people that reduced the strength of the selection

bias effect.

Another striking observation from the dual task study was the extent to which | failed to
anticipate the level of task simplicity appropriate for the older subjects. This was in spite
of having a sample of older people obviously skewed towards indications of previous
high performance. | was unusually informed (for an interface designer) about the effects
of aging and was, | considered, aware of the need of older users for cognitive simplicity.

| had pre-tested the substantive tasks with middle aged people and was unprepared for
the older subjects being uniformly unable to cope with the two harder levels of task
complexity that had been only mildly difficult for my middle aged testers. This suggested
that design for older users was not possible without the active involvement of older users
in actively and frequently informing the designer of the way in which the performance of

older users would differ from the designer’'s assumptions.
Other indications of the need for a change in approach included the problems found with

obtaining realistic motivation from older subjects in carrying out the experimental tasks

where these tasks were a) not particularly relevant or interesting to the older people
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involved and b) led to painful reflections by the older subjects on their conception of their
own competence. In an early part of the Dual task study the older subjects were involved
in finding preferred font styles and sizes. This was a task that they saw as relevant and
potentially helpful to older computer users, it was also non-threatening, it did not involve
failure in the sense that the later tasks in the study did, the older subjects participated
enthusiastically in the font preference task. It seemed that older people needed to be
studied working on tasks that they saw as relevant to themselves and to people like

them if realistic levels of motivation were to be obtained.

As part of my concern with gaining a wide knowledge of older people and their
involvement with computing | looked for opportunities to observe older people working
with computers as well as discussing computer use with a variety of older people. One
particular opportunity came when Unitec, a local polytechnic, started running training
courses for older people. The intention was to generate revenue and to do this by
recycling courses that were already in use for providing adults lacking computer
experience with basic computer skills and word processing. There was no expectation
that older people would need any special treatment, the designation of the courses as
being “for older people” was simply to extend the range of potential customers. | found
out about the first course after a tutor had been assigned and students had enrolled. The
tutor had no special training in working with older people and their teaching experience
included presentations to computer professionals. After discussion with the organizers
and the tutor | attached myself to the class in a combined roll as an observer and as an

assistant.

The experience was unpleasant for me and distressing for the older students. On the
other hand it gave me a very valuable understanding of the difference between older
novices and the younger students the course was designed for. It also highlighted the
consequences of treating older people as if they were simply younger people to whom
one spoke a bit more loudly and repeated things slightly more often. Little learning was
achieved, the older students blamed themselves for this and the tutor, while polite and
patient with the students in class, wondered privately if they were wasting their (the
tutor’s) time as the older people were obviously incapable of learning. My self assigned
role gave me a possibly more objective view of the specific problems that the older

people faced and allowed me to spend time with the older students individually at their
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computers rather than being limited to a “front of the class” perspective of the situation.
A range of issues related to aging emerged, none of which was effectively addressed.
The class struggled to see material at the front of the room, they did not pick up idioms
and simple skills at the speed expected by the tutor, they had difficulty finding features
on the screens in front of them, they suffered navigation problems when using the
software provided and did not learn quickly from their errors. They failed to understand
concepts that the tutor felt would be self evident. The course was typing intensive, many
in the class were extreme “hunt and peck” typists, often undergoing their first attempt at
typing. They learnt at different speeds and they forgot much of the material taught on
previous days. They showed total incomprehension of the technical information (such as
binary storage) that the tutor believed needed to be included in the course in order to
give people a “respectable” understanding of computers. The conclusion of the
individuals in the first class was that they were “too old to learn computing” rather than
that the class was not designed for older learners. It would have been highly unethical to
have set this situation up deliberately. | remained in a role of assisting individual
students and observing the class and did not make suggestions for changes to the tutor
on the grounds that | would be more objective about suggesting better approaches if |
did not intervene until the five sessions of the first course had been completed. (The
exception was reconfiguring the tutor's machine so that it displayed more legibly on the
screen at the front of the class and doing similar reconfiguration so that the older
students could see the fonts on their own screens.) Early intervention with limited
information, while tempting, would have added a partisan flavor to my analysis of what

was occurring.

Following the first course | did intervene and provided the course with a simple tutorial
program that let the students practice the most obviously lacking skills separately from
the MS Works program that was the software the course was intended to teach. This
was useful but the course content remained much too wide for the student’s needs.
Older people who are struggling with using a scroll bar or finding and clicking an [OK]
button are not likely to benefit from attempts to teach them introductions to spreadsheets
and desktop publishing. These courses thankfully died a natural death but | was struck
by the range of difficulties that older people found with apparently elementary (to me)
computing skills. | was also impressed at how much difference the crude intervention

tutorial made to the ease with which the older students acquired these skills.
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Practical experience in working with this new set of concerns and directions began to

emerge in the WinTutor study described in Chapter 4 and outlined below.

1.6.4 Older beginners — Chapter 4 and the WinTutor study

Chapter 4 documents the development of a much fuller interactive tutorial for older
beginners. | was interested in whether the approach used in the intervention tutorial for
the older students in the Unitec classes could be used more widely in training older
novices. | also wanted to continue to extend my experience of older people as they
worked with computers. A possible way of combining these aims was to work with an
organization that already specialized in training older people in computing use and see if
an extended tutorial could be developed that would be adopted in courses that already
had material designed for older beginners. | started discussions with SeniorNet (NZ)
tutors and this ended in the design of WinTutor. This design is discussed in Chapter 4
and it has in fact proved very successful, becoming widely adopted by SeniorNet simply

through word of mouth advertising.

There are some points that are worth noting here. Chapters 3 and 4 both discuss case
studies of the development of interactive tutorials for older users. However it was not the
intention to divert the thesis direction towards gerontological education. There are a
number of advantages that come from working with interactive tutorial design for older
users in an overall project aimed at effective interface design for older people. Firstly it
appears that learning in many older people is slow and fragmentary. What the work on
WinTutor (as an interactive tutorial for older novices) provided was understanding of
which skills older people initially struggled to master and an indication of the gaps in
knowledge that were likely to mean that older users broke the assumptions about pre-
existing computing skills likely to be made by younger designers. Secondly an interactive
tutorial is in fact an excellent exercise in appropriate design for older people. To an
extent one theme of the thesis is the presentation of an ongoing case study of the
process of one interface designer (the author) acquiring skills as an interface designer
for older users. Creating WinTutor involved me in designing some 57 interactive screens
that were each expected to be functional for older novices. So creating the WinTutor
tutorial provided extensive practice and grounds for reflecting on what worked, and what

did not, for older users, while drawing on the implications of aging as explored in the
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literature review. Thirdly there is a place for some understanding of appropriate training
for older people in the armory of interface designers. One of the ways in which an
application can be made more accessible to an intended older audience is to provide
carefully designed training (suited to older users) as part of the application package. The
analysis of the design features of WinTutor reported in Chapter 4 is useful material to
that end.

One of the other features of the WinTutor design was the incorporation of two older
novices into the design stages of the project. These people were consulted on a day by
day basis as the design was developed and very obviously contributed strongly to the
eventual success of the project. Older people in this role are referred to from here on as
the “in-house testers”. In-house testers were used in the next two design studies and
one of the outcomes of the overall research was refinement of the way that the role of in-
house testers could be handled. This is considered in more detail in section 1.6.8

describing Chapter 8 which deals with the skills needed in working with older people.

A weakness in the WinTutor project is that it was not originally intended as work to be
written up. It was undertaken partly out of desire to make life easier for older people who
were trying to learn computing skills, prompted by anger at what | had observed at
Unitec. It was also motivated by a belief that it was desirable for a designer to get a more
rounded and more human picture of older people than that which emerged from the
descriptions of experimental work in the literature review. | had not intended to write this
work up and was caught unprepared when it emerged as both a useful source of
important information and as a highly successful case study in designing for older
people. What was missing was a process for formally evaluating its usability with older
people. The tutorial was released to the SeniorNet community and adopted by many
branches to replace their previous teaching materials but in place of a description of
success based on results from usability trials the WinTutor chapter has testimonials and

continued sales figures. It was decided to rectify this lack in the next study.

1.6.5 Learning more complex applications — Chapter 5 and the

FileTutor study

The next study in the research for this thesis was again based on the design of an

interactive tutorial for older people. As noted above there was a desire to recapture the
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design success of the WinTutor project in a way that allowed more analysis of the
factors leading to a successful design and more formal demonstration of the success of
the design, if in fact it was successful. | had some concern that including a second
interactive tutorial in the thesis would lead to the core design message behind my work
being missed by readers who might see the work as just being about teaching older
beginners, rather than maintaining a focus on appropriate design for older users. There
were several responses to this incorporated in the research. It was decided that the
thesis would include a third design project that was clearly an application design for
older users after the second interactive tutorial was completed. It was also decided to
shift the nature of the second interactive tutorial so as to extend the range of useful
information (for interface designers) that could be extracted from the study. The previous
arguments for viewing the construction of an interactive tutorial as excellent practice in

designing multiple screens that needed to be workable for older users still applied.

The extended target for the new interactive tutorial project was to look at how somewhat
experienced older computer users could be assisted with learning more complex
computing skills and assisted in learning an application that challenged their ability as
older users. The topic eventually chosen was Windows file management and the related
application was Windows Explorer. The interactive tutorial product that came out of the

design process was nicknamed FileTutor.

Although finding a way of training older people in file management under Windows was
itself a useful achievement the reader is asked to bear in mind that this was a secondary
aim in this project. The relevance of the FileTutor project to an interface designer for
older users comes from the following argument. If older people are to use computer
applications that are part of the computing mainstream and therefore accommodate
younger users, older users will be asked to work with situations and information
presentations that are not extremely simplified. One weapon in the interface designer’s
set of tools is to design training programs for older people that allow them to develop the
skills needed for working with software that they otherwise would be defeated by. What
was examined in the FileTutor project was how to tackle training older people in levels of
skill that were regarded by experienced teachers of older people as difficult to acquire.
The result is an example of how to extend the range of software that older people can

use and understand.
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In designing the FileTutor interactive tutorial the same design process used with
WinTutor was followed. As before | consulted widely with experienced SeniorNet tutors
before starting the project in order to choose an appropriate topic. As before | worked
with in-house testers who contributed to the day to day development of the design. Two
differences in the process were that firstly | was consciously aiming for inclusion of the
project in the thesis writeup and so | was more analytical about the successes and
failures as individual screens were designed. The second difference was that an
evaluation of the usability of the tutorial was undertaken at the end of the development.
The form of this evaluation was quasi-experimental in that the older people recruited for
the evaluation were recruited from people who had tried and failed to learn Windows file
management by a variety of means. They used FileTutor to learn Windows file
management and then, a day after training, completed an exercise outside the tutorial

environment to see if they had in fact achieved useful skill levels.

There was also a change in the content of the tutorial. The WinTutor tutorial was aimed
at simple skills that were general throughout computer use under the Windows operating
system. The FileTutor tutorial also covered general skills and concepts, this time related
to file management. However the FileTutor tutorial was also intended to be an example
of training older people in the use of a moderately complex application, as stated above
this would potentially extend the ability of designers to make widely used software

available to older people.

To return to the issue of finding a way of training older people to use a complex
application there had been interesting work done by John Carroll looking at how to
improve the training of younger people so as to improve their eventual competence in
mastering a complex application. Carroll et al.(1990) showed in a series of studies that
ruthlessly simplifying the information initially presented to trainees so that they learnt a
very restricted but core sub-set of application skills meant that over time their eventual
performance was significantly better than the performance of students who were initially
taught a wider set of application skills. In arguing for such restricted training approaches
as “the minimal manual” and the “training wheels” version of an application (where many
options were deliberately unavailable) Carroll made a case that initially restricting

instruction to simple core information meant that the learner emerged with a more robust
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conceptual model of the application which then provided better support as the learner
later proceeded to investigate further options on their own. This work had been done
with young people as the subjects of the studies. It appeared to be of interest to see if

the same effects would hold for older trainees.

Thus in order to see if Carroll's findings could be extended to older people the tutorial
included a training wheels version of Windows Explorer specifically designed for older
users and the evaluation of the usability of the tutorial included a section where the
participants were asked to apply the skills they had learnt within the tutorial and the
training wheels version of Windows Explorer to an exercise done with the real life
version of Windows Explorer. The results supported the argument that an initial reduced

instruction set as suggested by Carroll was appropriate for older trainees.

1.6.6 Application design for older users — Chapter 6 and the
SeniorMail study

The last stage of the research for the thesis was aimed at clearly establishing the utility
of the design approach that had emerged in the previous two design studies, to a
relevant application for older users. An email application was chosen as the design
target since this offered the chance to design a reasonably fully featured application that
older people would see as relevant to their needs and interests. The system that
eventuated was called SeniorMail. As in the previous two design studies, research was
carried out to examine the context in which older people would be likely to use email and
the likely needs of older users. Focus groups and discussions were carried out with older
users and potential users of email in a variety of settings. Some older people were
observed using standard email software, this gave useful insight into current difficulties.
Focus groups were also used to get information from the supporters of older email
users, this gave valuable additional information relevant to the design aims for an email

application for older people.

In-house testers were again used as a core part of the development and they again gave
rapid feedback, virtually on an as-required basis, influencing much of the design. There
was, however, a worry that the in-house testers would become too familiar with the
overall gestalt of the application as it emerged and so loose their quality as naive users.

Therefore the concept of in-house testing was extended to include groups of people who
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wanted to become users of the new email system as soon as the very early versions
became functional. This gave the designer a further set of motivated testers who could
be relied on to show an involved interest in how changes and developments would affect
the usability of what would become “their” system. A number of observations were made
as to what techniques led to useful prototyping and useful gathering of usability
information. These observations and the implications for a design approach to be used

when developing with older people are examined in Chapter 8.

At one level the aim of this design study was simply to provide an email system that
older people found easier to use than standard email systems, in particular MS Outlook
Express which was the system that | found older people attempting to use. At another
level the design study was intended to support the case that usable design for older
people could result from a design approach that combined sensitive use of older people
in the development process with knowledge of many of the relevant effects of aging. To
show success on either level there needs to be some form of evaluation of how well the
system lets older people carry out emailing tasks. This evaluation was carried out with a
group of 25 older users who were volunteers at a local Citizen’s Advice Bureau and
found conventional email difficult to use. The results supported the argument that the
SeniorMail design study had succeeded and these results are reported in Chapter 6. As
this evaluation was carried out in a short time frame, under an hour per person, the
chapter also notes the experience of a small group of long-term older users of the
system who retained enthusiasm for it. However the chapter also reports the response of
a group of middle aged users who, while they found the SeniorMail system easy to
understand and use, did not want to adopt the system as it failed to provide sufficient
features. This disparity between the feature sets likely to be used by older and younger

users is seen as an important issue in the whole area of designing for older users.

Chapter 6 proceeds to describe the features of the SeniorMail system at some length
and to examine how they have been derived from a consideration of the information from
the literature review in combination with the feedback from the extended team of older
testers. It is noted that the system makes use of the ideas developed in the previous
study on training older people to use complex applications and in fact contains its own
training wheels version within the application. This was used to train volunteers in how

the system should be used when evaluating the usability of the system.
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1.6.7 The research methodology — Chapter 7

Note that the research methodology emerges from reflection on what worked as a
greenfields investigation was carried out, hence the unusual positioning of the research
methodology chapter after the chapters describing the research. The research

methodology is a product of the investigation, not a primary driver of it.

The opening sentence of this introductory chapter describes the aims of the thesis in the
following terms, “This thesis looks at the issues involved in designing software that older
people can use effectively”. As initially conceived this implied a framework of relatively
traditional design guidelines; use big fonts, use simple layouts etc. As my research
proceeded and as | reflected more on what was happening in the design studies this
concept broadened. It became clear that the inclusion of older people in the design
process was central to the success | was achieving. Slightly less obvious, but equally
important, was the way in which the older participants were included and the relationship

between the older people contributing to a design and the designer.

This process of reflection on what | was achieving led to two sets of understandings
about the process | was engaged in and about the outcomes of the research. In the first
place | had developed a structure for addressing the research aims of the thesis, this is
described in the methodology chapter and will be outlined here. In the second place |
had developed a useful body of experience in working enjoyably, ethically and

productively with older people on interface designs. This is addressed in Chapter 8.

The methodology chapter opens by examining the lessons to be learnt from the Dual
Task pilot study. As previously mentioned the failure of the Dual Task pilot study to
support the dual task hypothesis and the distress and low motivation of the older
subjects led to me rethinking the direction of my research. The arguments for this
change of direction are examined here. The question then became if an experimental
approach was not going to meet the aims of the research what methodology was in fact
suitable? The chapter starts the process of addressing this question by restating the
aims of the overall research as a way of focusing on the question of what methodology

would be appropriate to meeting those aims.
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Having spelt out the research aims, the chapter proceeds to look at a variety of
candidate methodologies; quasi-experimental research, case studies, ethnographic
approaches and action research. It is concluded that while elements of each of these
approaches are useful in supporting the research aims, none in their basic form meets
the specific needs of the research aims of the thesis. The research methodology that
was eventually used is then described showing how it draws from the candidate

methodologies that have been described.

The chapter next looks at the way in which the research incorporates the information
from the literature on the effects of aging together with the observations made in the
design studies and the supporting activity surrounding those studies. Finally the rationale
of the format used within the design studies is examined in terms of the research
methodology. It is argued that the development of a methodology for addressing the

research questions of the thesis is one of the valuable outcomes of my research.

1.6.8 Working and designing with older users — Chapter 8

A further valuable outcome from the overall research is the experience in working
productively with older people in creating designs for older users. This is reported in
Chapter 8. The position taken is that while interaction with older people is a vital part of
the design of artifacts for older people, constructive interaction with older people around
technology issues is not obvious, simple or likely to be undertaken successfully on the

basis of a designer’s or supporter’s usual patterns of interaction.

There was a further benefit for the overall research that arose from the WinTutor design.
| had two close friends who were not computer literate, had tried to become so and had
failed. They were in jobs that now required them to use computers in the near future.
They knew of my interest in training older people and half jokingly suggested | train
them. | blithely went to see them, expecting that a half hour clearing up misconceptions
would have them on track and self supporting. What | discovered was a puzzling inability
to learn that closely paralleled the problems | had been observing in the Unitec courses
for older beginners. These people were intelligent, articulate, self aware, in their mid
fifties and worked from home close to where | worked and could easily take short breaks
during the day. They badly needed computer skills. After discussion we came to an

agreement that they would help me field test the screens | was developing for WinTutor
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on a daily basis and that as they did so | would assist in their learning of computer skills.
In effect they became in-house testers for the project and surrogate older users. The
concern that they might not really represent older users was reduced in so far as they
showed some of the same behaviors predicted from the literature survey and seen in the
Unitec classes. In addition the eventual product, WinTutor, which obviously owed a great

deal to the in-house testers, was found to be very effective with much older people.

This in-house testing agreement became a very useful and mutually rewarding
arrangement. The in-house testers ended up with the skills they needed. | ended up with
an insight into how transformative it was for me to have immediate responses to my
design ideas from older learners. As a computer experienced designer | could not shake
enough of my preconceptions about what should be obvious. | repeatedly produced
initial designs that met with incomprehension and frustration from my in-house testers.
This could arise from either my way of presenting computer concepts or from my
interface designs. There was another benefit in the relationship. These were old friends,
they did not treat me as an unapproachable authority figure, they were volubly cheerful
in pointing out my and my program'’s failings. This was a vital contrast to the deference
shown the tutor in the Unitec classes. As we built up experience in working together |
came to increasingly value their insights into what was lacking in a prototype screen,
they on their part came to see that their suggestions were resulting in useful changes
and that some of the problems they found with gaining computing skills were not
ingrained (and blameworthy) aspects of who they were but were amenable to well
designed training. This experience became the prototype of the format of including older
people as participants in the design process that was used and refined in the FileTutor
and SeniorMail studies. This design process is discussed in Chapter 8. It also became
an independently developed way of working with older people that strongly matches the
UTOPIA model and hence adds some support to that model, especially given the
success in developing useful applications for older people that has come from the use of

my approach. This is discussed in Chapter 9.

Chapter 8 starts by giving a bulleted outline of the approach to doing interface design
with older people and then moves to considering typical problems in working with older
people. It looks at the gap created by the differing experience of (younger) designer and

older person. It looks at the issues related to the lack of respect accorded to older
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people in our society. One of the problems here is that older people may well “buy into” a
view of age as implying that they are insufficiently competent to tackle modern
technology such as computing. In a related issue older people are likely to defer to those
they see as more authoritative and this is likely to include the interface designer or
developer. The problem here is that this undermines the communication of problems the
older person experiences with a design and communication of ideas the older person
may have for improving a design. The chapter notes that there are stereotypical and
unproductive patterns that younger people fall into when trying to communicate with

older people, the use of so called “elder speak”.

In the light of these concerns the chapter considers how a researcher or designer should
care for the older people who are part of the designer’s team and design resources.
After summarizing the set of issues to be dealt with the chapter provides extended
coverage of each issue in turn. The chapter looks at issues such as older people’s need
to avoid being subjected to time restricted tasks if realistic optimum behavior is to be
obtained. Variations on standard information gathering techniques are considered so
that interviews and questionnaires are less likely to create miscommunication due to the
older people’s lack of familiarity with apparently common technical terms and potentially
due to power imbalance between researcher/designer and the older person. The

problem of selective sampling is also addressed.

The chapter then turns to specific techniques that were found to be useful in my
experience of developing designs with older people. Variations on needs analysis when
addressing an older target group are considered. Initial concerns in creating the basic
designs are discussed. This includes discussion of the argument that low fidelity
prototypes are less appropriate for older users. It also examines the creation and
maintenance of a good working relationship with in-house older testers. Usability test
cycles involving older people are considered and the value of establishing a pool of long

term testers is looked at.

One of the problems in working with older people is that the potential power imbalance
between researcher/designer, as well as older people’s tendency towards deference and
politeness can mean that older people are not well protected from unethical treatment.

Nor is it always immediately apparent what constitutes unethical treatment of older
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people. Therefore the chapter concludes by devoting a section to considerations of how

to achieve ethical treatment of older volunteers.

1.6.9 Parallels with the UTOPIA approach — Chapter 9

The approach to research design and to productive and ethical work with older people
has strong parallels with the important approach to research on the design of technical
assistance for older people that has been developed by the UTOPIA team centered on
the University of Dundee and headed by Alan Newell. This is interesting and important
since my own work was done without my being aware of the UTOPIA research. The
network of citations | pursued in largely American journals did not reach widely into
English and European work. In an ideal world | should have been aware of Newell’'s
team and their work in considering dynamic diversity and inclusive design at the
beginnings of my own research. | would then have been in a position to build my work
within the framework of the considerable insights that they provided on working for and
with older people. However by proceeding independently of Newell’s team and yet
coming to very similar positions on research and design approach it can be claimed that

| have contributed to strengthening the case for both positions.

In this light Chapter 9 provides a detailed examination of the stance involved in Newell
and his co-workers’ position statements on dynamic diversity, inclusive design and
appropriate ways of working with older people and makes a point by point examination
of the similarities and differences with the approach | have developed. A very high
degree of agreement between the two approaches is demonstrated and the chapter
concludes that my own work can justifiably be seen as an independent verification of the
UTOPIA approach all the more so in that both approaches have led to successful

product development for older people.

1.6.10 Conclusions — Chapter 10

The thesis concludes with an examination of how the various studies have built towards
the development of a design approach for working closely with older people as part of
designing products for older people. In the course of this review of what the thesis has
achieved the twin themes are the way in which insights during the research have
contributed to the design approach and the way in which the results of testing the

design cases with older users has provided support for the design approach. Inevitably
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a wide ranging thesis of this nature raises numerous questions and so the conclusions
chapter also considers areas for further research that appear relevant in the light of the

current work.

1.6.11 The appendices

There are five appendices that either provide further information related to the study or
are intended to provide useful summaries of information contained in the study as

resources for designers intending to work in this area.

Appendix A gives further information on the demographic shifts as developed countries

move to a population with a higher percentage of older people.

Appendix B provides the test protocol used for evaluating the FileTutor Study.

Appendix C provides the test protocol used for evaluating the SeniorMail Study.

Appendix D provides a summary of the changes that occur during aging and appear
relevant to the concerns of an interface designer. In effect this is intended to give a
reader easy access to the main findings of Chapter 2 but shorn of the discussion and

citation of the research studies on which Chapter 2 is based.

Appendix E also provides a summary, this time of the age related interface features that
were implemented in the three designs used in the case studies. The aim here is not
primarily to provide a designer with a set of firm guidelines for dealing with interface
design for older people, in different designs different approaches may be appropriate.
The concern here is to gather together the design features from the three successful
design studies as a set of examples that may help future designers to consider how to
proceed from a knowledge of the effects of aging and a design problem so as to work

with older people towards a successful design.
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1.7 The Contributions of the Thesis

The thesis has taken a significant problem on a world scale and has applied a
greenfields approach to it resulting in a wide ranging body of useful work and resources
for approaching the area of interface design for older people. At the time the thesis was
done (1998-2002) the HCI community did not appear to be involving itself with a vital
problem. See Czaja (1998), Hawthorn (1998a) and Czaja and Lee (2003) for backing for
this contention. There was limited published research on the issue but it was obvious
that there would be a rapid shift to a much older population with a need to engage with
computing. Hence the thesis was conceived in terms of crisis research where the aim
was to open up the area over a broad scope rather than to provide exacting support for a

single narrowly defined proposition.

Accordingly the contributions of the thesis cover a broader scope than would normally be
expected for a PhD thesis. The contributions can be considered under several headings;
opening up a new area of interface design, providing resources for designers for older
users, providing an approach to be used when designing for older users, findings on
training for older users that are relevant to designing for older users, support and

extension of other worker’s findings and finally a contribution to research methodology.

Opening up a new area
1. The thesis research has helped open up a new and important area in which there
was little extant work at the time of the research. (This contribution was achieved
by publishing the work as it was done at the times when it was relevant so the

contribution is ascribed to the research rather than to the thesis.)

Providing resources for designers for older users
2. The thesis provides a useful resource sumarizing the potential impact of aging
effects on the interface design needs of older users. This has been done by an
extended examination of, and reflection on, the interface design implications of
the literature on physical and cognitive aging.
3. The thesis provides a picture of the elderly novice that should assist designers in

this area.
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4. The thesis provides three exemplars of designing effective interfaces for older
users, giving information on the design considerations involved, the design
approach and the level of effectiveness achieved. This is important because
there are few, if any, examples of application design for older users that have
progressed beyond the prototype stage. It is also important in that Newell’s team
found that designers appeared to be at a loss as to how to proceed when they

were exposed to the actuality of older users.

Providing an approach to be used when designing for older users

5. The thesis suggests an extension of traditional user centered interface design
that can be adopted when working with older people. The value of this extended
approach is supported by the success of the designs described in the case
studies.

6. Based on reflections on what worked and what did not in the author’s own
experience as an interface designer for older users, the thesis gives a set of
strategies for managing the relationship between younger designers/researchers
and older participants.

7. The thesis explores the role of the designer as an outsider to the culture of the
elderly and ways of working that accommodate to this. In effect the thesis
contributes to an understanding of the needs of applied ethnography when
working with an older target group.

8. The thesis demonstrates the usefulness of high levels of participation by older
people in interface design for this group and relates this to the differences
between (young) designers and the target older population.

9. The thesis develops a picture of just how broad is the range of issues that can

usefully be considered in designing for older users.

Findings on training for older users
10. The thesis demonstrates the value of appropriately designed interactive tutorials
in assisting older people to learn computer skills and applications. Further the
thesis provides guidance on features that contribute to appropriate design of
interactive tutorials. | see this as a finding of considerable importance to people

who are trying to integrate older people into a workforce. It also breaks new
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ground in that it suggests an alternative approach to the current favorite of

accessible design.

Support and extension of other workers’ findings
11. The thesis extends Carol’s findings on the use of “minimal manuals” and “training
wheels” versions of an application to the teaching of older users. (This is relevant
to designers for older users since the complexity allowable in an age appropriate
design can be increased by providing inbuilt, age appropriate interactive
tutorials.)

12. The thesis has provided independent support for the UTOPIA approach.

Contribution to research methodology
13. The thesis has developed an eclectic and wide ranging research approach that

allowed the range of contributions given above from a greenfields beginning.

The thesis provides a comprehensive survey of the research literature on aging covering
the abilities of older people that are relevant to interface design. This picture of aging is
extended and enriched by reporting experience with older people in a variety of
computer related contexts. By reporting observation of, and interaction with, older
people, the thesis establishes a picture of the current target group for those wishing to
design for older computer users. The thesis then provides the reader with three case
studies of design for older people carried out as part of the research. These designs are
shown to be successful in terms of older users being able to use them where they have
not been able to use standard forms of training and applications in the same areas. The
designs are described in some detail and the rationale behind the designs is examined
so that a designer is provided with examples of converting from academic knowledge of

aging to workable designs for older people.

In the course of selecting areas for the interface design cases used, the thesis looks at
two examples of interactive tutorials aimed at training older users. Not only did these
tutorials provide the author with extensive experience in design for older people that
strengthens the basis from which the information in the thesis is presented, but the work
on interactive tutorials opens up two areas of older people’s learning of computer skills

that are of importance for a designer. Firstly the WinTutor tutorial looks at the sorts of
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gaps that are likely to occur in older novices’ skill sets and makes the point that some
older users are likely to remain at novice status, a fact that designers need to allow for if
they are going to target a wide range of older users. Secondly the FileTutor case study
makes the point that with appropriate training older people may be able to work with
some software that is not only poorly designed for older users, but that they have
previously failed to learn while using standard approaches to learning designed for the
younger population. This is important given the tendency of both managers and older
people themselves to write off their ability to master computing skills. The two case
studies on interactive tutorials also contribute useful ideas and working demonstrations
both on overall design for older people and on the suitable design of interactive tutorials

for older people.

The third case study covers developing an email application that older people have been
shown to find highly useable. This study showed that the techniques used in the tutorial
development could be extended to developing a more typical application with a
moderately complex feature set and system structure. It also provided a third replication

of the general design approach so that the reader is provided with more than one

example in which this approach has been found to work.

In the course of designing the interactive tutorials the importance of working with older
people in an appropriate manner became increasingly obvious. Use of contributions from
older people became central to the design approach. It is argued that designers
inevitably design from a perspective of users somewhat like themselves, but that this
assumption is invalid in the case of older people because of the extent of the difference
that aging creates between designer and target audience. This difference and the
resulting gap between designer and target audience is extended in the case of the
current older generation with their generally minimal computer skills. What the thesis has
argued strongly is that bridging this gap demands working with older people as part of
the design team, rather than the designer working in isolation merely using guidelines
about the needs of older users. What the thesis also argues is that for a younger
technically knowledgeable person to work on interface design with representative older
users is not a simple undertaking. It requires a new set of skills in working with older
people. Since considerations of how to work with older people as distinct from what to

provide for them, may not be central to the thinking of a designer new to this area the
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thesis provides a careful analysis of the issues to consider in working with older people

and enabling them to make useful contributions to the ongoing design process.
Overall one of the key contributions of the thesis is to show that the knowledge required

for successful interface design for older people is multifaceted and covers fields that may

not be initially thought of as part of a designer’s brief and skill set.
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Chapter 2 Design Implications of Physical and

Cognitive Aging

2.1 INTRODUCTION

This chapter of the thesis provides a survey of the literature on physical and cognitive
aspects of aging and considers the implications of these effects of aging on interface
design. In the original versions of this chapter, published in 1998 and 2000, there was
almost no extant literature that specifically addressed interface design for older computer
users see Czaja (1998), Hawthorn (1998a) and Czaja and Lee (2003). In the absence of
an extant literature the decision was made to ground the thesis in the existing (and wide)
literature on the effects of aging. The situation has now changed and there are now a
number of publications in the area of interface design for older computer users. However
since details of interface design are dependant on the particular computing environment
the users face, any particular recommendation about such things as mouse use can
become less relevant as the technology changes. What is less subject to change is the
nature of human aging, although here too better understanding of the aging process is
leading to lessening of the severity of the effects of aging. It still seems that there is a
case for maintaining the original focus and considering the most obviously relevant
effects of aging, discussing the possible implications of these effects for interface design
and incorporating the newer findings on suitable design for older people within this
discussion. One of the other points that will be brought home by maintaining a focus on
the effects of aging rather than research specifically on interface design for older people
is the sheer breadth of the changes that aging involves and hence the range of aging

effects that may prove of relevance to a designer.

Another way of looking at this is to see each of the differences that aging makes

between younger and older people as a break in the in-built assumptions of (younger)
designers that they are designing for someone who is generally similar to themselves.
Hence these age related differences are areas that require deliberate consideration by

designers if they are to design effectively for a group so unlike themselves.
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The chapter will use the structure outlined in Table 2.1 below.

Table 2.1 Organization of the literature survey chapter

Introduction

Methodological issues in aging research
Problems with interpretation of Research on Aging
General aspects of aging, slowing and recruitment
Vision and Aging

Speech, Hearing and Aging

Motor control and Aging

© N o gk~ e =

Memory and Aging

9. Attention and Aging

10. Cognitive ability and Aging
11. Learning, Training and Aging

12. Conclusions

The next sections of this chapter (2.2 through to 2.4) look at some of the methodological
issues and some of the problems with interpretation and application of the studies in the
remaining sections. The aim is to make it easier for a reader without a background in this

area to be aware of the limitations in interpreting and applying this research.

The chapter then looks at the main areas in which relevant effects occur, giving a brief
survey of findings and then considering the possible implications and relevant findings
from research on interface design for older people. In these sections that describe
specific effects of aging (sections 2.5 through to 2.11), the sections will each be split into
a general discussion of the findings within this area of aging, followed by a bullet point
summary of the main findings, followed in turn by a discussion of the way in which these
findings may have implications for interface design for older users. Thus in each of these

sections the material will be structured in the following manner:
2.5 Vision and Aging

2.5.1 Studies of vision and aging

Review of findings on vision and aging
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Summary of age related changes in vision
2.5.2 Possible effects of age related changes in vision on interface design
Vision and Text - relevant changes

Vision and Text - design suggestions

Vision and glare - relevant changes

Vision and glare - design suggestions
...etc

Reviews of the changes that aging makes to the human factors impacting design can be
found in Scheiber (2003), Klein (2003), Morrell et al. (2001), Hawthorn (2000) and
Carmichael (1999). Well written guides to general design for older people including
interface design can be found in Charness and Schaie (2003) and Fisk et al. (2004).

2.2 Methodological issues in aging research

As Rybash et al. (1995) point out studies on aging are particularly subject to confounding
effects. This section of the chapter looks at methodological issues in aging research
which mean that it is difficult to make authoritative research based statements about
aging. The studies which will be cited in later sections of this chapter are part of a lively
debate as to what exactly does happen to human abilities with age. The points in this
section on cohort versus longitudinal studies and on controls needed in experimental
studies on aging, as well as the points made in Section 2.3 on factors to consider in
interpreting research findings on aging are useful in interpreting the sections surveying

the general research on aging.

2.2.1 Cohorts vs. longitudinal studies

Most studies of ability and aging are cross-sectional, comparing two or more age groups
at one point in time. As well as age, each group reflects the shared history of the group
and hence the changing patterns of the society. What appears to be an effect due to
aging may, on closer examination, be due to the increased years of education for each
generation this century, due to changing patterns of mental and physical activity in work
or leisure, due to changes in nutrition or to some other factor. A cross-sectional study

showing decreasing performance with age on some cognitive task may show no such
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effect when the level of education of the subjects is controlled for. Rybash et al. (1995)
and Permutter and Hall (1985) argue that for studies of aging and memory or cognitive

performance, control for educational level is virtually mandatory.

Longitudinal studies attempt to counter the problems of cross sectional studies by
following the performance of the same set of individuals over time. There are fewer
longitudinal studies due to the extent of time and commitment required. Longitudinal
studies of ability and aging tend to show smaller effects due to aging than cross
sectional studies, Rybash et al. (1995). However part of this tendency may come from
methodological problems in the longitudinal approach. Following the same set of
individuals over time has two effects, the subjects are being trained in test taking and the
study deals with those subjects who remain in the study. A problem is that elderly

individuals with impaired cognition may be more likely to drop out.

Rybash et al. (1995) state that the problems of longitudinal research tend to overstate
the ability of the older groups while cross-sectional studies are more likely to exaggerate
the decline in function with age. However, even this may be questionable since the
typical control for cross sectional studies is in terms of number of years of education and
over this century prolonged education has changed from an elite pursuit to a mass
movement. Groups of widely differing ages with the same years of education may have
had quite different initial abilities. Rabbitt et al. (2004) looked at the effects of correcting
longitudinal results for practice effects and for dropout effects. They conclude that
interpretations of longitudinal studies of cognitive aging are misleading unless effects of
practice and selective drop-out are considered. When results were adjusted for practice
and drop-out effects they revealed accelerating declines in fluid intelligence and
cumulative learning, linear declines in verbal free recall, and no substantial change in
vocabulary. Socioeconomic status and basal levels of general fluid ability did not affect
rates of decline. After further adjustment for demographics, variability between

individuals was seen to increase as the sample aged.

As Charness (1988) points out, the methodological problems which beset the field occur
because chronological age is a surrogate variable for a number of poorly understood
determining variables which form the biological basis of aging. The manifestations of

biological aging are further modified by the nature of individual adaptation to these
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changes. Individual adaptation in turn reflects the individual's history, part of which is
common to a cohort. With cross-sectional groups selected for participation in some
activity, such as computer users or marathon runners, one is looking at a selection effect
where those who remain in the older group are those who are able to, or chose to do so.
The older group is in effect a group of survivors, therefore examining their performance
understates the problems of aging individuals who fail to remain within the group. If we
wish to understand the impact of age on interface design it may be worthwhile to design
studies which examine the reasons for which individuals avoid, reduce or move away

from computer use.

2.2.2 Controls needed in experimental studies of aging and computer

use

We next look at some of the controls required if we are to design studies of computer
use and aging. There are some controls that are standard in studies on aging such as
controlling for health, medication and eyesight. Salthouse (1996) states that controlling
for the general slowing of response time found in older people is required in any study
that wishes to make findings on response times for specific abilities. Otherwise as
Salthouse (p40-41) points out the apparent link between age and an ability using
response time as the measure is open to the interpretation that any effect shown is
simply due to the general slowing of processing speed found in older people. Work by
Gilbert and Rogers' (1996) makes it clear that training effects persist for longer in old
people, older people take considerably longer to reach asymptotic performance
indicating that training has been completed. Studies seeking to eliminate training effects

should be designed to allow for this.

When we look for controls more specifically related to computing rather than aging we
meet the question of levels of expertise. People who have areas of expertise seem to
maintain performance in these areas as they age but to show declines typical of the
general population in areas unrelated to their expertise. See for example Charness
(1988) on aging and chess playing. Computer users cover a wide range from novice to
intermittent user to expert and it is worth considering if the level of skill and experience
affects performance as users age. While length of experience with computers is relevant

it seems probable that several other factors will affect results. In particular controls
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should be established for the type and variety of experience and for frequency of
computing use. It seems reasonable that any proposed study of computer use and aging
should consider the subjects' depth of computing background which provides the basis
for abstraction and expertise. Researchers should also consider how closely the
subject's computing background matches any test environment. Are subjects

experienced for example with a command line or a WIMP/GUI environment?

Charness (1998) points out that in their unpublished studies of older adults performing
word processing tasks, that breadth of computer experience was an important mediator
of age effects on performance. Because of this Charness suggests cohort effects are
probably the most relevant issue for understanding future age effects for computing.
Future cohorts of old adults will surely have had a great deal of experience with
computers (though they may have even greater problems with obsolescence of
knowledge if they don't stay engaged). So current research may lie within a relatively
narrow window in time where older adults are particularly disadvantaged in using
computers. However full breadth of experience with computers lies in the realms of
computer expertise and expert users will probably be a small subset of all users even

decades from now.

In common with other studies of the effects of aging on skilled performance, the older
groups actively involved in computing are likely to be unrepresentative of the general
population due to self selection, those who meet significant age-related problems are
more likely to withdraw from the pool of computer users. It might be worthwhile to select
subjects on a basis unrelated to computing such as membership of service clubs so that
the study can sample responses from non computer users. Such studies could then, as
suggested above, examine the reasons for which individuals avoid, reduce or move

away from computer use.

2.3 Problems with interpretation of Research on Aging

2.3.1 Individual Variability

Results on aging tend to be expressed in terms of average declines for the age group
and variances. This is misleading where older populations consist of sub-groups with

disabilities on different abilities rather than distributions showing a strong central
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tendency about the mean. It is worth remembering a comment by Oldaker (1992) that
old people are among the most stereotyped groups in our society and yet in fact show
the greatest internal variation of almost any group. In any aging population many of the
individuals will show declines on a few specific abilities, but on different sets of abilities
in each case. Spirduso and MacRae (1990) point out that descriptions of average
behavior become less accurate as the age of the group being described increases.
Heart conditions, poor eyesight, reduced memory, stiffness and all the other
manifestations of aging do not advance uniformly throughout the population but apply
apparently at random to individuals who retain good functioning over many of their other
abilities. Statistics of central tendencies do a poor job of reporting this. See for example
the study by Schaie (1990) reported later in this chapter which shows this pattern for
individual differences over different types of mental ability. The effects of age are highly
idiosyncratic and the average picture may in some cases be false for many of an aged

sample.

Decline in finger-tapping speed (Dixon et al. 1993) is an example of such an average
finding. To establish the relevance of slowed finger-tapping for interface design it may be
important to know whether this is a widespread moderate decline among the aged group
or whether the average decline for the group represents near normal performance for
most and seriously impaired performance for a few. As the aged are likely to have more
health problems we can also find mixtures of performance patterns for health reasons.
For our finger-tapping example this might be a general slowing of neurological function
overlaid by a significant subgroup suffering from the onset of arthritis and possibly other
groups in which finger-tapping is slowed for other causes. Our final concern is for
interface design that makes reasonable performance possible for a wide cross section of

the population despite the uneven distribution of problems such as finger-tapping speed.

2.3.2 Plasticity

Plasticity is a term used to refer to changes in performance in the face of practice,
training or disuse. This is another potential problem in interpreting apparently
authoritative statements of decline in specific abilities with age. The impaired
performance of older people can show marked improvement with practice or decline with

disuse. A general statement about decline in finger-tapping ability based on apparently
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competent research results has an air of authority but it does not in fact tell us the extent
to which older adults can expect to retain or regain finger-tapping ability if this action is

important to them, as in for example double clicking or typing.

Krampe and Ericsson (1996) emphasize the importance of recent practice in maintaining
skills for older pianists. Also see Salthouse (1984) for work on the retention of expert
typing skills. Presentation of results in the face of plasticity is something of a balancing
act. The bald statement that an ability declines by x percent between the years of 30 and
60 can cement a self fulfilling expectation of such a decline into the minds of doctors,
employers and the aging themselves. On the other hand in a wide-ranging review
qualifying every observation with cautions about plasticity becomes repetitive and
distracting. It should also be borne in mind that the underlying causes of decline in
performance with aging can potentially be compensated for with new discoveries in drug
treatments, training methods or general care of ourselves. Normal aging is a dubious

concept. We tend to accept it for intellectual and statistical convenience.

2.3.3 Ecological validity

Much of the research knowledge on the psychological effects of aging is based on
extending standard psychological tests to aged groups, see Rybash (1995), Birren and
Birren(1990). Though these tests are traditional in psychometric literature they present
subjects with atypical, simplified, stand-alone tasks in an unfamiliar environment. It is not
certain how far one can generalize findings based on tasks such as figure rotation or list
memorization to performance on real life tasks where the task is familiar, done
repeatedly and done within a supporting and meaningful context in which the person
may well have a different level of motivation. If we accept that there are changes in
ability with age the questions become; how strongly such changes are manifest within
the work and home environment, how well individuals are able to adapt their behavior to
compensate for such changes and how the environment might be made more supportive
of such adaptation. However see Diehl et al. (1995) for studies showing good correlation

between lab tests and some everyday tasks.
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2.3.4 Interconnection of effects

Considerable work is done in pure research on aging to separate the effects due to
different aspects of aging. One of the issues in theoretical aging research is to tease
apart the separate contributions of physical and neural aspects of aging. Thus in
studying aging and vision there is an effort to understand the contributions of
deteriorations of physical structures in the eye and to distinguish this from possible
impairment in the brain’s ascending visual pathway, which in turn should be
distinguished from visual effects due to declines in higher cognitive function involved in
interpretation and ascribing meaning to visual stimuli. However when we consider the
application of findings on aging and vision we return to a situation where all the
interconnections between the various levels at which aging can apply to vision are
present concurrently. There needs to be some caution in applying findings that arise in
the course of pure research aimed at clarifying a hypothesis about aging to the much
less controlled situation of an older person in front of their computer where many effects

can come into play at once.

2.4 General aspects of aging: cognitive processing and

recruitment

2.4.1 Reductions in cognitive speed and cognitive capacity

Reductions in processing speed are the most widely established finding in research on
aging. Salthouse (1996, 2004) has shown that the cognitive factor of processing speed
accounts for a significant amount of the variance in almost all measures of aged
performance. There has been debate as to the cause, with discussion of reduced
efficiency in neural transmission and consideration of the costs of re-routing neural

signals through an age damaged network.

What is important from the perspective of an interface designer is that older people can

be expected to take longer in actions that require cognitive processing. The extension to
this is that most human activities of interest to a designer do require cognitive processing
so that cognitive slowing effects can be expected to show up in areas of activity that may

initially appear to be physical such as vision, hearing and motor control. Note, though,
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that recent work challenges the idea that cognitive slowing is global and offers instead
that view that cognitive slowing is task dependant, see Ratcliff et al. (2003) and Thapar
et al. (2003).

It is also argued that aging is associated with declines in cognitive capacity, see
Salthouse (2004). However it should be noted that it can be hard to give precise
definitions of an overall concept of cognitive capacity as distinct from capacity in specific

functions such as short term memory span, see Wenger and Gibson (2004).

2.4.2 Recruitment

Increases in the areas of the brain activated while undertaking a particular task are
typically seen in brain imaging studies comparing older people with younger people. This
is assumed to indicate compensation for diffuse neuron loss in aging. One view, the
recruitment hypothesis, posits that diffuse neuron loss in aging is associated with
transient (i.e., task demand associated) use of additional circuits to aid performance.
Another view, reorganization, posits that neural decline in aging prompts the consistent
use of alternative brain circuitry as a means of compensation for failing circuitry. Nielson
et al. (2002) suggest that recruitment and reorganization may be better seen as aspects
of the same thing and in this chapter evidence of greater brain activation by older people
will be referred to as recruitment. Wu et al. (2005) point out that since recruitment means
integrating the activity of larger areas of the brain, task performance that relies on
recruitment is less effective. Hence recruitment may be an aspect of the general finding
of cognitive slowing noted above. Recruitment is not universal in older people, Cabeza
et al. (2002) carried out a brain imaging study that compared young adults with low
performing and high performing older adults. Interestingly the low performing older
adults showed similar activation patterns to the young adults with no evidence of
recruitment. The high performing older adults activated extra areas of the brain in
addition to the areas activated by the younger adults. There are possible implications
from this. If as seems increasingly likely, recruitment is not organized on the fly but
requires reorganization of brain function over time, then older adults maintaining
intellectual activities are more likely to accompany this by recruiting additional areas to
assist them in their pursuits in spite of generalized neuronal decline. This offers the

possibility of a mechanism underlying the “use it or lose it” maxim for successful aging.
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2.5 Vision and Aging

2.5.1 Studies of Vision and Aging

Progressive visual impairment is one of the more clear-cut areas of decline in
performance with aging. See Kline and Scialfa (1996) for a recent review. Fozard et al.
(1977) suggest that aging affects vision at two levels. One level of changes becomes
apparent between 35 and 45 though actual decline may have started much earlier. This
level is largely the result of reductions in the eye's ability to accommodate to near focus
and reductions in the amount of light transmitted to the retina. Effects from this level of
changes include the need for reading glasses in one’s forties, increased sensitivity to
glare, reduced sensitivity to color and the emergence of problems with depth perception.
These problems continue and worsen in later years but a second level of changes
becomes noticeable between 55 and 65. These changes reflect changes in the retina
and the nervous system and include reduced visual field, problems with dim lighting and

reduced ability to detect flicker.

Somewhat more than 10% of elderly suffer from seriously impaired sight due to one of
three degenerative diseases; glaucoma, cataracts and macular degeneration. The
presence of these diseases increases sharply in extreme old age. Desai et al. (2001)
report that half of those over 65 have sufficient opacity of the lens to meet the formal
definition of a cateract condition. At the other end of visual ability about 10% of elderly
above 80 retain 20-20 vision, Rybash et al. (1995). The remainder of elderly adults show
various levels of non pathological decline both in the ability to perceive visual sensation
and in the way in which these sensations are processed. However not only does vision
generally decline with increasing age but the visual defects of advanced age are less
likely to be able to be satisfactorily corrected with prescription lenses. The level of such
intractable visual defect is reported to be around 14 percent of people in the 70-79 age

group but increases to over 30% of those over 85.

Near vision

The most widely noticed problem is the reduced ability to adapt the lens of the eye
sufficiently to allow focus at short distances, a problem which emerges in the early
forties and is compensated for with reading glasses. The eye also becomes slower to

adjust to shifts in focal depth. These problems arise because of increased stiffness of
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the lens and some atrophy of the muscles responsible for adjusting lens curvature, see
Kuwabara (1975).

Visual acuity

Visual acuity declines, this is the ability to detect fine detail as measured by letter
recognition on the familiar optician's or Snellen chart. The pupil becomes smaller with
age (this increases focusing power but decreases the use of available light.) In addition
the lens yellows letting less light through to the retina, the effect of these changes on
visual acuity can be partly compensated for by increasing the available light. Pollack and
Atkeson (1978) point out that the decline in visual acuity after age 50 is much greater
than would be predicted purely from the changes to pupil size and lens yellowing.
However other retinal changes occur, Fozard et al. (1977) report on metabolic changes
in the retina with age and Schieber (1992) reports that there is a substantial decrease
with age in the number of cone’s in the fovea at the center of the retina and suggests
that this contributes to loss of visual acuity. Weale (1975) provides an extended
exploration of possible reasons. There is a peak of visual acuity between 15 and 20
years followed by a steady decline to age 60 with a slight acceleration in decline after
age 60, Richards (1977). Gittings and Fozard (1986) report that with corrective lenses a
maijority of individuals retain 20/40 vision into their 80s. However Salthouse et al. (1996)
show that there is still a decline in corrected visual acuity with age. Rybash et al. (1995)
point out that measures of visual acuity are taken under fixed conditions providing
strongly illuminated stimuli and hence may overestimate subject's ability to make visual
discrimination under more usual conditions. Kline and Scialfa (1996) p32 cite findings
indicating that the reduction in acuity with age significantly worsens in dim light even
among older subjects who were visually equivalent to younger subjects in well-lit
conditions. See also Haegerstrom-Portnoy et al. (1999) who confirm this and note that
this can be extended to low contrast visual stimuli. From this report high contrast acuity
is reasonably well maintained on average, even into very old ages High contrast acuity is
reasonably well maintained on average, even into very old ages. Standard visual acuity
testing, Haegerstrom-Portnoy et al. found, underestimates the degree of vision function
loss suffered by many older individuals under the non-optimal viewing conditions
encountered in daily life. All spatial vision functions show a similar rate of decline with
age of the population, but the age at which decline begins varies among different

measures. West et al. (2002) report that the failure rate for all vision functions and
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physical performance measures increased exponentially with age. Standard high-
contrast visual acuity and standard visual field tests showed the lowest failure rates.
Nonstandard vision tests that could be more representative of actual living situations
showed much higher failure rates. Poor performance on many individual vision functions
was significantly associated with particular individual measures of physical performance
in activities of everyday living. Kline and Scialfa (1996) cite numerous recent studies
which indicate that some of the decline in vision associated with aging is due to decline
in functioning of both neural pathways and cortical functioning. Salthouse et al. (1996)
support this by showing in three studies that the relation of impairment in corrected
vision to age occurs via a factor related to cognitive functioning rather than directly with

age.

Contrast sensitivity

Contrast sensitivity is measured by the ability of individuals to detect differences in
illumination levels usually in lines forming gratings of differing fineness. This has been
argued to provide a more sensitive and realistic measure of visual ability. Owsley et al.
(1983) reported a significant decline in contrast sensitivity comparing 50 year olds to 20
year olds and the decline increases again by age 80. Kline and Scialfa (1996) provide
references to a number of later findings confirming and extending this. Age-related
losses are not as great for wide gratings which Kline and Scialfa suggest test real life

abilities similar to detecting a truck in fog.

Glare sensitivity and dark adaptation

There is also increased sensitivity to glare with age. Glare results in the older lens
scattering significant amounts of light onto areas of the retina that are away from the line
of the incoming light, resulting in a “veiling luminance” over the back of the eye
decreasing the contrast available for images, reported in Shieber (2003). This means
that where strong lighting is used because of its generally beneficial effect on older
people’s visual acuity, the lighting needs to be arranged with care so as to minimize
glare. Schieber (1994) found that after exposure to 10 seconds glare older subjects took
around 2 seconds to detect a low contrast stimulus that they could comfortably detect
under normal conditions. Middle aged subjects took about 1.2 seconds to recover while
young subjects took around .98 seconds. Schieber's concern is with loss of contact with

oncoming vehicles at night but there could be interface implications for older users in
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both increased sensitivity to environmental glare and difficulty with marked contrasts in

screen lighting levels between successive screens.

Glare problems are distinct from the problems older people experience with dark
adaptation. The overall reduction of light to the retina and possibly changes in retinal
metabolism reported by Fozard et al. (1977) mean that the eye is slower to adapt to dim
conditions and the level of dark adaptation achieved decreases, Domey et al. (1960).
Older people are slower to recover losses in visual sensitivity after being exposed to

glare from sources such as oncoming car headlights.

Color discrimination and detection

There is a decline in color recognition under normal lighting starting at age 20 and
becoming marked by age 70. The loss of ability to distinguish colors is particularly
concentrated in the shorter blue green wave lengths. Helve and Krause. (1972),
Lakowski (1973). Color recognition in dim light is worse for older people and particularly
so for short wavelength light partly because of the differential filtering on blue/green hues

of the yellowing older lens.

Critical flicker frequency

There is a decline in the frequency at which subjects can detect flickering as opposed to
reporting a steady light, known as the Critical Flicker Frequency declines, see McFarland
et al. (1958). A related phenomenon also reported by Mcfarland et al. is persistence, the
sensation of continued presence of the stimulus after presentation of the stimulus has

ceased.

Motion detection and estimation

Older people appear to be less able to detect minimal motion by objects they are
observing and may give more cautious estimates of speed of real life objects Kline and
Scialfa (1996).

Depth perception
The ability of older people to make accurate estimates of depth declines. According to
Bell et al. (1972) there is only a slight decline up to 40 years but after this there is rapid

decline in depth perception through to age 70 which corresponds to the oldest subjects
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in the group studied. Gittings and Fozard (1986) found little evidence of decline with age
in the threshold at which people can detect depth differences. However this is not
inconsistent with reports such as that of Wright and Wormald (1992) showing an

increasing frequency for older people of failing to notice depth differences.

Useful-field-of-view

The effective visual field becomes smaller with age. This means that peripheral stimuli
must be stronger and/or closer to the center of the visual field to be detected, Cerella
(1985). Ball et al. (1993) found that a composite measure that they term Useful-field-of-
view (UFOV) had a strong relationship to driver history of crashes in the previous five
years. UFOV measures the percentage reduction in the useful visual field. It depends on
at least three measures; duration of target presentation, competing levels of task
demand from a peripheral target location task and a central target identification task, and
the salience of the peripheral target. The UFOV declines with age. However linear
modeling showed that other measures including chronological age, cognitive status and
visual sensory function had minimal predictive ability on crash history. Visual acuity
shows greater declines with age in the peripheral visual field. Critical flicker frequency

also appears to decline more sharply in the peripheral visual field, Casson et al. (1993).

Pattern recognition and identification of differences

The overall processing of visual information and the recognition of patterns appear to be
slower with age Kline and Szafran (1975), Fozard et al. (1977). There are declines in
several of a person's abilities to make sense of what is seen. The ability to recognize
figures that are embedded within other figures is reduced, Capitani (1988). There is a
decline in the ability to recognize objects that are fragmented or incomplete, Salthouse
and Prill (1988), Frazier and Hoyer (1992).

Older adults are slower to identify whether two objects are the same or are different.
While younger subjects were faster on a comparison task if there was a match (the two
stimuli were the same), older people were equally slow on match and mismatch
decisions and slower overall. Older subjects showed a greater benefit from redundant
information. Gottlob (in press). However findings by Ratcliff et al. (2003) and Thapar et
al. (2003) indicate that speed differences in identifying differences may be task

dependant. Over two sessions older people remained slower than younger people and
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less accurate in identifying whether two letters were the same or different. However
when the task was switched to identifying whether two patches were of the same or
different brightness older people became as fast and as accurate as younger subjects by

their second session.

Visual Search

Older people do not perform as well on location tasks when trying to locate a target
figure in a field of distractors Plude and Hoyer (1986) or on visual search tasks when
trying to check if a figure is present amidst distractors, Madden and Plude (1993).
Hommel et al. (2004) found that older people had worse performance on visual search
tasks involving search for a feature or for a conjunction of features. The performance of
the older group was particularly impaired on target-absent trials and with increasing

numbers of distractors.

However on filtering tasks where the subject must identify a figure that is always in the
same location with or without distractors there is little or no difference due to age, Farkas
and Hoyer (1980). This is extended by Carlson et al. (1995) who showed that in visual
search of text, consistent target location not only eliminated age-related effects due to
neutral distractors (shown as xxxx) but also nearly eliminated effects for meaningful
distractors. Without consistent target location there were effects from both the presence
of distractors and from the meaningfulness of the distractors. Age differences in visual
search are also dependent on how visually distinct the target is from its background,
Plude and Doussard-Roosevelt (1989). Older people appear to benefit more than
younger people when presented with advance cues indicating the future location of a
visual search target, Kline and Scialfa (1996). However older people appear to learn
visual searches at the level of the specific targets presented and unlike young people
they do not show transfer of learning to new searches where the specific examples have
changed but the catagories have not, Fisk et al. (1997). This is consistent with
Underwood et al. (2005) who found little evidence of an age-related decline in the search
of a simulated traffic scene when detecting traffic hazards. Traffic hazards are

presumably well learnt categories of targets.

Effective visual search requires that saccades (eye movements) be accompanied by

remapping of the visual environment such that previously visited positions are not
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revisited (inhibition of return) and items classified as irrelevant get less visual attention
(inhibitory tagging). Langley et al. (2005) suggest that age deficits in inhibition are
selective, for example when they looked at visual search in older adults they found no
deficit in inhibition of return to positions previously visited but inhibitory tagging of objects
that had been previously searched was found to be absent in older people but not in the

younger subjects.

In consistent mapping the categories of the target and distractor sets do not overlap
while in varied mapping the target and the distractor items are randomly chosen from the
same category of items over successive trials. Search through a menu of fonts is an
example of a varied mapping visual search. Fisk et al. (1990) confirmed other studies
reporting that older people perform worse on both types of visual search, corresponding
to a higher intercept for older groups on a plot of response time against number of items
searched. Fisk et al. then looked at the slope of response time against number of items.
In the consistent mapping condition they found that for older people, the time to respond
increased moderately with the number of items being searched, for younger people
response time did not change with the size of the search item set. The interpretation was
that younger people unitize the display, treating it as a single perceptual item whereas
older people do not. For varied mapping the slope of response time against number of
search items was large and similar for both groups. Fisk et al. further reported that over
both types of search, subjects instructed to respond only if a target item was missing
took longer than subjects instructed to respond only if a target item was present. Positive
search has clearer end points. Anandam (1994) confirmed that younger subjects after
visual search training did not show a display size effect (unitization) whereas older
subjects did show a display size effect. However when Anandam restricted the area of
visual search to the central 2 degrees of the display older subjects also showed

evidence of unitization.

Ho et al. (2001) observed older and younger subjects searching for traffic signs
embedded in road scenes previously classed as cluttered or uncluttered. Both groups
were less efficient at searching the cluttered scenes. Although the older group made
more errors and took longer there was no interaction between age and clutter. Ho et al.
found that clutter as such did not appear to specifically worsen visual search for the

older group. However later studies have found that older people perform more poorly
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when searching cluttered scenes. Grahame et al. (2004) performed a study in which eye
movements, reaction time and errors were used to analyze performance in a search of
web pages for links. It was found that older adults showed additional benefits from
increased link size, while they were disproportionately affected by increased numbers of
non target links and by the degree of clutter on the page. McPhee et al. (2004) looked at
older and younger adults searching for traffic signs in digitally altered traffic scenes in
which the level of clutter was varied. Searching was carried out under either single-task
or dual-task conditions. The older adults were less accurate overall. This age effect was
worsened by high-clutter scenes. The older adults were slower to decide that a target
sign was not present. In the divided-attention condition, older adults exhibited longer eye
fixations as well as showing a reduction in recognition memory for the content of the

secondary task.

Vision in everyday living

Kosnik et al. (1988) found in a large survey of adults from 18 to 100 years of age that
older participants reported five areas of concern where visual ability affected everyday
functioning; Visual processing speed - the speed needed to read a passage or recognize
an object. Lighting - trouble seeing at dusk or sorting dim colors. Near vision - trouble
reading small print. Dynamic vision - ability to read moving type. Visual search - eg.

difficulty locating products on supermarket shelves.

Summary of findings about vision and aging

Size and contrast

e Harder to focus at short distances

e Less ability to detect fine detail such as small print. This is worse in dim light,
with low contrast and away from the center of the visual field

o |Less ability to make out low contrast patterns

e Poorer color discrimination and detection especially in short wave lengths (blue-

green)
Searching

e \isual search becomes harder

e Useful-field-of-view declines
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Poorer pattern recognition, less recognition of embedded or incomplete figures
Older people are less able to filter out irrelevant items

Less ability to tell if similar objects are the same or different

Visual search is improved by consistent positioning

Visual search takes more effort, is more influenced by clutter and the number of
irrelevant items, is generally slower and is particularly slow if older people have
to check to make sure a target is absent

Visual search is easier in a one dimensional space rather than a two dimensional

space

Speed of perception

Reading is slower

Slower to recognize items but this effect is reduced for familiar items
Ability to detect small movements declines

Poorer estimates of speed and time of arrival

It becomes difficult to read moving text

Ability to detect flicker declines

Lighting and illumination

More disrupted by glare

Slower to adapt to changes in illumination

Perception of 3 dimensional information

Poorer depth perception and estimation

Poorer perception of 3 dimensional information

2.5.2 Possible effects of age-related changes in vision on interface

design

The possible effects of changes to vision are extensive and suitable adaptations will vary

for individuals. Note that the finding by Salthouse et al. (1996) on decline in visual acuity

with age after allowing for individuals’ use of corrective lenses means that we can expect

some level of visual problem to be widespread. In addition tri-focals or graduated lenses

are expensive, not all older users will be able to afford them or will be able to learn to
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use them satisfactorily. We can thus expect that some older users will be perpetually
squinting at fuzzy screens, which is tiring and may increase the cognitive effort needed

to follow text.

The high level of variability of vision in older people as well as in other indicators of
performance means that applications should probably give users greater control over the
appearance of the application. Klein (2003) notes that in any interface aimed at older
users care should be taken to allow for the variability shown by older people, rather than
a “one size fits all” approach Klein suggests that older people need to be able to adjust
fonts and other visual aspects of displays to suit their individual needs. This however can
run into a catch 22 situation for users with very poor sight where the task of customizing
the application is also dependent on the persons' visual abilities. There is however a
problem in whether older users will have sufficient knowledge to make such

adjustments.

Vision and Text — relevant changes

e Harder to focus at short distances

e Less ability to detect fine detail such as small print. This is worse in dim light,
with low contrast and away from the center of the visual field

e Less ability to make out low contrast patterns

e Poorer color discrimination and detection especially in short wave lengths (blue-
green)

e Poorer pattern recognition, less recognition of embedded or incomplete figures

e Reading is slower

e It becomes difficult to read moving text

Vision and Text — design suggestions

The obvious starting point is to use large fonts. Schieber (2003) and Fisk et al. (2004)
suggest fonts of at least 12 point. Morrell and Echt (1997) suggested that older adults
will benefit from san-serif fonts (with a specific recommendation for Helvetica) that are in
the 12 - 14 point range and of medium to bold weight.

The choice of font should be one that is simple, easily recognized and does not rely on
fine detail. When saying easily recognized | am arguing for a font that gets full benefit

from peoples life-time exposure to text and so lies within the reader’s learnt expectations
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of what letters “should” look like. Older people with imperfect vision should find it easier
to recognize highly familiar lettering. This reasoning is consistent with the
recommendations of other authors that fancy fonts, italic text and ALL CAPS should be
avoided. My preference is to use sans-serif fonts in particular Arial for screen displays. |
argue that given the lower resolution of screen displays compared to paper, serifs (the
small lines at the bottoms of letters) are not well displayed and become distracting detail.
However for printed text there is an argument that serifs help the reader scan along lines

of text.

Such text should be displayed so that it contrasts strongly with the background.
Remember that Charness (1988) found reading slowed for older adults if the text was
colored indicating increased cognitive load. Strictly this should translate into a
recommendation for using black text on a white background. It is not clear from the
literature how far a designer can go from this standard while maintaining older people’s
performance. White backgrounds may accentuate glare problems so the possibility of
pale off-white shades should be considered. Plain backgrounds are essential, older

people struggle to make sense of text on any patterned background.

Focusing is improved when pupil size reduces and this can be achieved by a well lit, but
glare free, environment and reasonably bright displays. In addition the focusing
problems of older people are for short distances, or, when using corrective lenses, for
distances between reading distance and long sight. One set of solutions to these
focusing distance problems lies in altering the size and position of the screen. Larger
screens can be used and placed further away and high enough to be in the long
distance field of bifocals (with an appropriate increase in font size). Alternatively smaller
screens such as laptops can be placed closer and lower down so that they are in the

range of the short distance field of bi-focals.

Morrell and Echt also recommend short line lengths and left justified text. These
recommendations were for printed text but it appears that they hold for on-screen
displays. In general older people should not be asked to read large blocks of text on-

screen.
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As vision declines the obvious strategy of increasing font size for captions and general
text runs into two problems; limited screen size prevents unlimited font size increases,
while the presumed difficulty of older people in integrating complex information from
multiple sources limits the extent to which an application can be split into simpler, large
font, sub-screens. In addition narrowing of the visual field with age reduces peripheral
vision and may make it more difficult for older people to integrate widely spaced parts of
a screen. This could possibly affect the ability of older users to benefit from status bar
information. This may also affect older people’s use of multiple or very large screens as
these become more common. An additional effect may hold with large fonts for screen
displays of text where the reduced amount of text entering peripheral vision is likely to
interfere with an individual's pre-processing of text and will therefore interfere with the
flow of comprehension in reading. This effect can be observed when normally sighted

adults attempt to use large print books for the poorly sighted.

Problems with recognition of embedded and overlapping figures may translate into a
need to provide slightly greater separation between lines of text and to make greater use

of white space in the areas surrounding text such as framing and margins.

Text in itself provides a complex background and it may be useful to ask if older users

are likely to have target acquisition problems when locating the typical carats currently
used in word processing applications. This could be made more difficult if the blink rate
for a carat gets close to the lowered critical flicker frequency for older adults. If so, how

should the insertion point carat be customized? A slow blinking red carat for example?

Older users should not be asked to work with displays that show moving text. Because
of issues with focusing and slowness of adapting to working at differing focal lengths
older people will find difficulty in working with a combination of on-screen and printed

materials.
Vision and glare, brightness adaptation and environment — relevant changes
e More disrupted by glare

e Slower to adapt to changes in illumination

Vision and glare, brightness adaptation and environment — design suggestions

69



Screens should not produce rapid sequences of bright followed by dim displays since
accommodation to brightness is slower as people age. Fisk et al. (2004) suggest older
users will be better served by LCD screens because of the increased display brightness

and hence contrast that they offer over CRT screens.

Reduction in the ability of one's eyes to accommodate quickly to changes in focal
distance can be expected to make it harder for older users to work from a mix of paper
and screen documents. This may already be reflected in the development of tri-focal and
multi-focal glasses. Designers of work environments might usefully consider allowing
greater choice in distance from the screen to allow for poorer near sight adaptation and
the provision of diffuse back lighting which increases visual acuity by reducing pupil size.
Klein (2003) suggests that the majority of older people will have difficulty in focusing on
objects at an intermediate distance (60 — 100cm) such as automobile dashboards or
computer monitors. Klein suggests that particular care should be given to the visual

design of such objects.

Older people may have more difficulty with viewing LCD screens at an angle since the
visual display quality declines, however Charness (1998) points out that this is less true
now that active matrix screens have become more common. As sharing screens is
relevant to sharing of information and training it is worth asking if this might also apply to
CRT displays where, as the viewing angle changes, standard cues such as letter
proportions and spacing are distorted. It is possible that older people are, on average,
less comfortable with prolonged use of VDU displays and should incorporate more

breaks from screen use in their work schedules.

Vision and graphics — relevant changes
e Poorer pattern recognition, less recognition of embedded or incomplete figures
e Poorer color discrimination and detection especially in short wave lengths (blue-
green)
o Useful-field-of-view declines
e Less ability to tell if similar objects are the same or different

e Harder to focus at short distances
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o Less ability to detect fine detail. This is worse in dim light, with low contrast and
away from the center of the visual field

e |Less ability to make out low contrast patterns

o Poorer depth perception and estimation

e Poorer perception of 3 dimensional information

e Slower to recognize items but this effect is reduced for familiar items

o Ability to detect small movements declines

Vision and graphics — design suggestions

The basic response to the changes above is to design graphics for older people that are
simple, do not involve subtle shading or detail and are reasonably compact so that all
the important elements can be encompassed in the older adult’s reduced useful-field-of-
view. Older adults should not be asked to make sense of details using blue-green
shadings and should not be asked to detect small differences. The reported problems
with depth perception in older people may affect the suitability of 3D graphical
information. Kline and Scialfa (1996) recommend that 3D displays provide additional
cues such as grid lines that reduce the dependence on pure depth perception but a
simpler approach is to ask if 3D graphics are needed or simply regarded by the designer

as decorative.

When it comes to animated graphics for older people the changes above imply that older
people will be better able to make sense of animated material if the animation is
relatively slow and the elements involved are familiar. Again making sense of an
animation should not depend on distinguishing small differences or details or

movements.

Older users are going to be less able to detect color and contrast differences that are
taken for granted by younger users (and designers) as suitable cues for indicating
important differences. Becker and Nowak (2003) describe various tools for adapting web
site design to suit older users and one of the tools described - The Aging Vision
Simulator tool available at
http://cob.fit.edu/facultysites/abecker/Accessibility/OlderVision/ColorandAging/OlderVisio
n.html) allows a designer to simulate the effects of the older person’s less vivid rendering

of color.
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Another way that designers can simulate some of the effects of older users’ visual
problems is to simulate loss of fine detail. Graphics can be subjected to the Gaussian
blur test used by Schieber (1998) to examine the legibility of road signs. Those graphics
that remain distinguishable when tested under severe blurring are presumably going to

remain distinctive and therefore learnable when used by older users with poor sight.

Vision and screen layout — relevant changes

o Useful-field-of-view declines

e Visual search becomes harder

e Visual search takes more effort, is more influenced by clutter and the number of
irrelevant items, is generally slower and is particularly slow if older people have
to check to make sure a target is absent

e Visual search is easier in a one dimensional space rather than a two dimensional
space

e Visual search is improved by consistent positioning and advance cues

e Older people are less able to filter out irrelevant items

o Ability to detect small movements declines

Vision and screen layout — design suggestions

In general the aim should be for simplicity of layout, Aula and K&ki (2005) showed that a
simpler visual layout improved older people’s performance in a redesign of the Google
display of search results. The changes they made emphasized using fewer elements,
better grouping of elements and the removal of irrelevant items. Older users may be
expected to be more dependent on consistency and simplicity of layout for locating
target areas of a form and less able to cope with complex and overlapping or embedded
designs. In particular young users appear to appreciate visually complex, if irrelevant,

backgrounds while older users are distracted by them.

Since older people in Western cultures still follow the top-down and left right pattern of
eye movement typical of Western reading this should decide the basic flow of attention
that a screen layout is designed for. The decline in the useful-field-of-view implies that
items that follow each other in terms of task flow should be kept closer together than one

might need to do for younger users. If a related item is too far away from an older user’s
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current focus it simply may not be seen, or alternatively the search to find it may be

disruptive of the older user’s overall task focus.

Older users’ lack of awareness of visual items that younger users will notice and use,
applies particularly to designs that require older users to scroll. Older people are less
likely to scroll and more likely to have problems with scrolling. Designing screens and
web pages to eliminate scrolling is an ideal but if this is not done then older people

appear to have more problems with horizontal scrolling than with vertical scrolling.

The vulnerability of older people to clutter means that screens designed for older people
should be drastically simper than screens for younger users. This together with the need
to use larger fonts is one of several reasons why effective design for older users will
restrict the number of options that can be made available and the amount of material
that can be presented on a single screen. Older people’s problems with filtering out
irrelevant items may be particularly acute when animation or flashing or moving text is
present. Animation should be presented so it does not compete with other activities and

flashing and moving text should not be used.

The fact that search for items is faster when older people are provided with advance
cues may translate into support for the standard practice of a layout that has clear
conceptual groupings for task elements. The use made of consistent positioning by older
users in achieving faster search results supports consistent positioning of similar
elements over all the screens in an application. This is likely to be aided by consistent

task flow through the various screens.

Screen changes which indicate completion of a task will need to be both obvious enough
to attract notice but not such as to affect the consistency of the older person’s model of
what is being presented. The reduced ability of older people to detect minimal movement
implies that small changes should not be indicated purely by analog indicators such as
gauges or sliders. The need for more time to absorb information and slower processing
in general may impact on any designs where the time of display is under program rather
than user control, the old are unlikely candidates for space invader games or rapidly

flashed information.

73



One of the implicit recommendations in the preceding material is to greatly reduce the
need for older users to search for items on any screen. However some searching is

always going to be required so it should be made as easy as possible.

Vision and searching — relevant changes

e Visual search becomes harder

o Useful-field-of-view declines

e Visual search takes more effort, is more influenced by clutter and the number of
irrelevant items, is generally slower and is particularly slow if older people have
to check to make sure a target is absent

e Visual search is easier in a one dimensional space rather than a two dimensional
space

e Visual search is improved by consistent positioning

Vision and searching — design suggestions

The first option is to eliminate visual searches or substitute simpler searches for more
complex one’s. Where search is required it should take place in limited area or if it is
over a large area there should be organizing principles that effectively make the search
area a set of several small areas. Search fields should be static and consistent. There
should be as few items as possible within a search field and there should not be any
irrelevant graphics. Where graphic items are used as search items they should be
clearly distinguishable. It seems likely that searching a line of search items is going to be
easier than searching a two dimensional array of search items. Searches should
preferably be designed so that they have obvious end points, If | am searching for C
then AB C D E and A B D E both assist with the search but S W A G B does not. Older

users should not be asked to perform searches under limited time conditions.

The findings on visual search support current design practices for simple consistent
screen layouts with clearly defined features. They may also offer support for full screen
designs rather than designs involving overlapping or tiled forms. However in some
situations, such as searching for information on the Web, the user is faced with a wide
variety of layouts, this may reduce efficiency for older users. Note a review by Kelley and

Charness (1995) which finds that, in several studies, older people’s success in learning
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a new application is correlated with their scores on spatial ability, again this seems an

argument for keeping the layouts to be learnt, very simple.

The findings on visual search indicate that while younger users learn to treat the search
list as a unit thus reducing cognitive load this “unitization” does not happen for older
users and so we can expect visual searches to remain sources of cognitive effort for
older users Fisk et al.’s 1997 finding that older people learn visual searches at a specific
word level rather than a semantic category level appears to indicate that older people
will be more disrupted by version changes which make minor, semantically consistent
changes to such things as menu contents. Menus with typically small type and large
numbers of competing choices and large collections of icons with the need to search
over a wider area than the effective visual field of older people both seem likely to
challenge the ability of older people to perform effective visual searches. As noted later

menus also lead to motor control issues.

The findings cited by Kline and Scialfa on the involvement of higher cognitive processes
in visual processing and its decline with age could indicate that older people may be
more sensitive to cognitive load due to poorly designed visual displays. Hence a poor
visual design could lead to greater reductions for older users in their ability to cope with
the underlying task. This is interesting but remains to be researched. However note that
Chadwick-Dias et al. (2003) did not find that text size affected older people’s
performance on a simulated web site, while Fukuda and Bubb (2003) found that older
people showed significant slowing as measured by eye fixations when font or search
target shrank below a size corresponding to fonts below 10 point, (these are below the

sizes tested by Chadwick-Dias et al.)
2.6 Speech, Hearing and Aging

2.6.1 Studies of Speech, Hearing and Aging

Speech
Speech becomes less distinct with age, possibly due to reduced motor control of tongue
and lips, possibly due to impaired ability to hear and correct one’self or to compare

one’self to others. In addition a proportion of the elderly have speech impairment due to
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strokes. Speech slows with age both from the insertion of more and longer pauses into
spoken material and due to word lengthening, Balota and Duchek (1988). The ability to
produce words which correspond precisely to experimenter defined constraints declines
and the time taken to produce words to precise requirements increases with age,
Mackay and Abrams (1996). Older adults speak less fluently with more evidence of
language planning deficits such as false starts, hesitations and filled pauses such as um
and er or word repetitions, Kemper(1992). They are also more subject to tip of the
tongue episodes where a familiar, but infrequently used, word eludes the speaker, Burke
et al. (1991), Burke and Shafto (2003).

Hearing

Overall hearing declines with age, about 20% of those between 45 to 54 have some
hearing impairment, this rises to 75% for those between 75 and 79 years of age, Fozard
(1990). Rybash et al. (1995) quote estimates that 15% of the US population over 65 is
legally deaf. About 9% of middle aged adults and 11% of adults between 65 and 74
suffer from tinnitus or ringing in the ears, Rockstein and Sussman (1979). Hearing loss
due to aging appears to be from both physical changes to the inner ear such as the loss
of hair cells within the inner ear but there is also evidence for neurological changes, this
distinction is important in that physical changes in the ear could be compensated for by
interventions that improve the available signal, while neurological effects suggest
interventions based on training, Shieber (2003). Given that prolonged exposure to noise
at 75 decibels (vacuum cleaner) can cause damage to the hair cells within the ear and
consequent hearing loss and that workplace regulations have at least until recently
allowed levels up to 90 decibels (lawn mower), a significant proportion of hearing loss in
Western societies must be considered as due to environmental noise damage rather
than due to normal aging. Recent concerns about localized noise levels in headphone’s
for young music listeners suggests that hearing problems are likely to persist in society

even with reform of industrial legislation.

There is usually a loss in the ability to detect tone’s over all frequencies but particularly

for high pitched sounds. The selective loss of high pitched tone’s is termed presbycusis.
This is detectable in laboratory tests from age 25 but significant loss is fairly common by
age 50 particularly in men, Rockstein and Sussman (1979), Schieber (1992). It has also

been reported that older people are less able to discriminate between similar sounds
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that differ in intensity and /or frequency, He et al. (1998). Older people are also poorer at
judging time intervals of sounds and this is worse if the sounds are part of a more

complex aural sequence.

Since some consonants in English are high pitched (such as f, s, t, z, ), selective loss of
high frequencies (presbycusis) means that parts of speech are not heard and the
impaired listener needs to guess at meanings. Older individuals may find female voices
harder to follow than male voices because of the overall higher pitch. Feldman and
Reger (1967) reported that by age 80 people may miss 25% of the words in a

conversation.

Older adults also show reduced ability to localize sound and this is more pronounced in
individuals with presbycusis or poor speech discrimination, Kline and Scialfa (1996),
Shieber (2003). There are problems for older people when dealing with background
noise as evidenced by the typical complaint about being unable to follow conversations
in noisy groups of people. This may be partly due to physical changes which reduce the
ability to attribute direction to sound, see Corso (1977) but is also consistent with many
reports of difficulties with selective attention in older subjects. Tun et al. (2002) found
that older adults were more impaired than young adults in extracting information from
speech given the presence of competing spoken material in the background. Since the
younger subjects were more able to recognize words from the distracting stream of
speech this implies that the older adults’ difficulties can be interpreted in terms of

reduced ability to direct attention and inhibit attention to competing material.

Corso also reports that sentences which are meaningful under test conditions are lost
when words within the sentences overlap or are interrupted and that, for older people,
the ability to obtain meaning from spoken information declines under conditions of

stress. Kline and Scialfa (1996) report that older people make more use of contextual

clues to identify speech than do younger groups.

Another contributing factor is thought to be the general slowing of processing
experienced with age. Calearo and Lazzaroni (1957) found that young adults could
understand virtually all of conversation speeded up to 350 words per minute especially if

the speeded conversation was somewhat louder. In contrast older people managed to
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pick up only 45% of the content of such speeded conversation no matter how loudly it
was spoken. (Normal speech runs at about 150 words per minute.) Looking at mild
speech compression, DeGroot and Schwab (1993) found that older users on an audio
menu and instruction system took more time, made more errors on the subsequent tasks
that the system had given them instructions for and were less satisfied. Gordon-Salant
and Fitzgibbons (2001) confirm that time compressed speech is generally difficult for
older listeners. By examining different forms of time compression Gordon-Salant and
Fitzgibbons found evidence that the problems of older listeners in recognizing time-
compressed speech are associated with difficulty in processing the brief, limited acoustic

cues for consonants that are inherent in rapid speech.

Older adults appear to react more slowly to pure tone’s, even when their ability to detect
the tone is similar to that of younger adults. Rees and Botinwinick (1971) suggest that
this is due to a general caution on the part of older adults which affects reporting of
signal detection, as one gets older one is more likely to report a maybe as a no rather

than as a yes.

Summary of findings about aging and speech and hearing

Changes in speech for older people
e Less distinct pronunciation with age

e More pauses and fillers such as “um”, “err”

e Harder to produce the exact word for precise requirements

e More tip of the tongue episodes where a familiar word cannot be found

Changes in hearing for older people
¢ High pitched sounds harder to hear
e Some words are lost when listening to speech
¢ High pitched voices can be harder to understand
e Harder to work out the location of a sound
e Harder to make sense of speech when there is background noise or competing
speech
e Less able to deal with fast speech

e May depend on extra information from lip movements to make sense of speech
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e Slower to respond to sound cues

2.6.2 Possible Effects of Age-related Changes in Speech and Hearing

on Interface Design

Speech
At first glance speech offers an attractive alternative to forms of input that some older

people have problems with such as typing and mouse input.

Speech and using spoken input — relevant changes
e Less distinct pronunciation with age
¢ More pauses and fillers such as “um”, “err”
e Harder to produce the exact word for precise requirements

e More tip of the tongue episodes where a familiar word cannot be found

Speech and using spoken input — design suggestions

Many older people face major problems with learning to type so the use of voice
recognition as an alternative form of input is appealing. However it is not certain that
speech recognition software will be easier for older people, see Kalasky (1999) . In part
speech recognition relies on the user observing errors and correcting them which will
bring into play difficulties older people face in visual search, sustained attention and
motor control. Speech recognition software may also need to cope with slower speech
from older users, more hesitations, interruptions and filled pauses as well as more
audible breathing. There is the problem with reduced articulation among some elderly as
well as the disrupted speech of stroke victims. Czaja and co-workers are currently
starting work on this problem. It can be expected that some older people will have less
control over their speech production, see Morris and Brown (1994), Ryan and Burk
(1974), and so may be less able to adapt to the sensitivities of speech recognition
software. It seems reasonable that elderly people are more subject to respiratory
infection and so have more periods during which their voice is significantly different from
the voice the interface is adapted to. It may also be that extended periods of more

precise speech are difficult for some elderly people. Finally the willingness of older
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people to take the time needed for training speech recognition systems is not known, nor

is it known whether training times will be longer for older people.

Speech as a control mode for interfaces may meet problems when used by the elderly.
In the light of the material on difficulty in speech planning, word retrieval and conforming
to a precise vocabulary, use of a verbal command language is likely to be more difficult.
On the other hand, Vercruyssen (1996) notes that where single word responses are
used to replace manual responses, the age difference in response time found with

manual responses disappears.

If elderly people use computers in the same environment as users who use a speech
interface there may be problems for the older users because of their lower capacity to
filter out distracting noise so that the problem of shared work spaces with a speech

interface becomes more acute when older users are involved.

Hearing
Hearing is less relevant to current interfaces but problems with hearing among the older
population may affect attempts to design speech based interfaces that compensate for

problems with sight or with lack of keyboard skills.

Hearing and detecting sound alerts — relevant changes
e High pitched sounds harder to hear
e Harder to work out the location of a sound

e Slower to respond to sound cues

Hearing and detecting sound alerts — design suggestions

Older adults miss attention getting sounds with peaks over 2500Hz. Commercially
available telephone bells and smoke alarms tend to have intensity peaks around 4000Hz
which is effective for younger users but these sounds are missed by older users,
Berkowitz and Casali (1990), Huey et al. (1994). To design ringers and alarms which
are suitable for older users these authors found that the sounds need an intensity peak
in the 500-1000Hz range. This means that computer interfaces that use sound to get the
users attention will need to use lower frequency sounds for older users. Huey et al.

found that a beep that swept a range of frequencies including the 500-1000 range was
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reasonably effective. This could be transferred into applications that use sound cues to
alert users to events so that the sweeping of a frequency range could be used to replace
standard sounds. It would be useful to know how well sounds provided by current

operating systems fit within these recommendations

If at some later stage binaural sound is used to indicate to users where sound is coming
from on a display designers should be prepared for this to be less effective for older
people. Although reports presented in Shieber (2003) suggest that older people’s
problems with localizing sound are worse for low pitched sounds there are problems with
using high pitched sounds to aid in localization given the reduced ability to hear high
pitched sounds particularly for older men. Older people may be less able to use binaural
sound to locate where information is coming from if sound from computer speakers is
used to indicate position or it is important to distinguish which of several people are
speaking in a video clip. Kline and Sciafla (1997) suggest that performance on
localization tasks can be improved by increasing the duration of the sounds involved. It
might be useful here to combine sound information with redundant visual information

confirming the area to which attention should be directed.

Hearing and understanding spoken output — relevant changes
¢ High pitched sounds harder to hear
e Some words are lost when listening to speech
¢ High pitched voices can be harder to understand
e Harder to make sense of speech when there is background noise or competing
speech
e Less able to deal with fast speech

e May depend on extra information from lip movements to make sense of speech

Hearing and understanding spoken output — design suggestions

Recorded voice should make use of speakers with low pitched voices. Computer
generated speech as output for older people needs to accommodate the likelihood of
hearing loss affecting the ability to hear high pitched tone’s and the ability to distinguish
speech from background noises. Designs which allow for the use of headphone’s may

be useful.
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Smither (1992, 1993) found poorer performance for older adults with remembering and
understanding computer generated speech and attributed this to short term memory
demands. He found older subjects showed poorer memory for numbers given via
synthesized speech and that this effect did not diminish over 78 trials. It has also been
claimed that part of the understanding of speech shown by elderly people may in fact be
due to unconscious lip reading and hence designers could find that speech from a
mechanical source was less intelligible for that reason. Czaja (1996) suggests that the
meaning of verbal content may be better communicated to older people if the visual cues

used in communication are also made available.

In general a note of caution may be needed in considering the utility of audible material
for improving older people’s performance. Shieber (2003) notes that while older people
“can successfully employ higher order cognitive mechanisms to compensate for age
related loss in sensory (hearing) function...what remains to be established is the
attentional cost of such compensatory processes”. Given that spoken input gives the
recipient little control over the flow of new information and given older people’s problems
with short term memory it seems likely that unless spoken information is carefully
designed, useful information in earlier parts of a message risks being “overwritten” by
later parts of the message. Zajicek and Morrissey (2001), note that the performance of
older people in using spoken information is improved by making certain that messages

have a short and simple structure.

Archer, et al. (1996) found for young users that adding voice to text did not improve
comprehension but slowed performance while adding text to voice did lead to
improvement. However this applied to blocks of text for young adults with adequate
eyesight. Older people might benefit more from the availability of a speech option. On
the other hand the slowness of speech compared to reading and the lack of user control
over the delivery may lead to problems in remembering content since older people are
more likely to suffer from interference effects where a stream of facts makes it hard to
remember earlier information. There is also the characteristic of spoken information that
it does not remain physically present so that going back to refresh one’s understanding

of some point depends on working memory rather than eye movement.
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One can speculate on interfaces where the current fly-over help could be optionally
replaced by voice to give brief names or explanations of buttons and other features. Are
older partially sighted users able to use spatial / iconic clues to organize and retain the
memory of what a button is for provided a verbal explanation is available if needed? It is
possible that interfaces of this sort could extend the number of years during which users

were able to make use of applications.
2.7 Motor control and Aging

2.7.1 Studies of Motor control and Aging

Ketcham and Stelmach (2004) and Vercruyssen (1996) provide wide- ranging reviews of
this area. Vercruyssen states that 70% of Americans over 65 have some degree of
restriction of activities due to problems with general mobility ranging from mild arthritis to
stroke damage. Reginster (2002) has found around 80% of adult Americans over 65
have some arthritic restriction of movement. With age comes slowing of response times
on motor tasks as well as loss of muscle strength and endurance. Control of fine
movement declines for older people. Older people show lower peak speeds within a
movement, they have reduced ability to control the amount of force applied and the
structure of sub-movements within an overall movement changes from that of younger
people. Vercruyssen (1996) notes that a number of explanations have been advanced
for loss of motor skill and for problems with control of fine movement with age, among
them being loss of controlling muscle and neuron groups, reduced ability to inhibit
interference from neural noise and a cautious approach to speed-accuracy trade-offs
that develops with age, however Vercruyssen does not regard any one explanation as

sufficient by itself.

Slowing of movement response

There is general agreement that slowing of response times is common over a range of
activities among older people and that this is due to a common factor, presumably
reflecting cortical function, see Salthouse (1996). Such overall slowing certainly applies
to movement response times for older people with the slowing being more pronounced if
the action is more complex and the number of possible choices increases, Goggin and
Stelmach (1990), Light and Spirduso (1990), Fozard et al. (1994), Melis et al. (2002).
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This slowing can be seen as a result of slowing in two aspects of movement with older

people taking longer to pre-plan the movement and then taking longer to carry it out.

Training can provide some improvement in response times. There is little evidence for
age-related decline on simple discrete actions which can be planned in advance,
Welford(1977), or on real-life, well practiced non-laboratory tasks, Salthouse (1984).
Bosman (1996) confirmed Salthouse’s 1984 finding that older skilled typists maintained
their speed by scanning further ahead than younger typists. However Bosman also
found that response time contributed to the speed of older skilled typists. Bosman
showed that skill may at times overcome age effects on finger speed but that this was
dependant on the context within which finger speed was being measured. Skilled older
typists appeared to have faster reaction times than unskilled older typists only on typical
typing movements, not on non-standard finger + keyboard movements. Compared with
skilled younger typists, skilled older typists appear to be slower in activating plans to
translate input into keystokes but to be as fast in executing those keystrokes once the
plan is activated. Low skilled older typists appear to be slower than similar younger
typists in both planning and executing keystrokes. There is likely to be slowing as a task
becomes more complex, Spirduso (1995), or as demands for repetitive speed increase.
Dixon et al. (1993) report decline in finger-tapping speed but this is modified by the
extent of recent practice, see Krampe and Ericsson (1996). The degree of choice
required also affects response time and highly predictable responses may show little age

differential.

Changes in movement structure

Older people are generally slower and more cautious when executing movements. They
are widely found to be slower in point to point tasks Ketcham et al. (2002). Slowing is
also found on a range of other movement tasks as reported by Ketcham and Stelmach
(2004), with the extent of slowing increasing with task complexity. With respect to Fitt's
law Ketcham et al. (2002) found that slowness of movement was more affected by
distance traveled to the target and less so by alterations in the size of the target. For

other work on aging and Fitt's law see Brogmas (1991).

A movement can be broken down into sub-components and it is now possible to track

such sub-components. Typically one sees an initial first phase consisting of acceleration
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and then deceleration which takes the subject close to the target. This is followed by

secondary correcting movements until the target is acquired. When older people’s

results from such studies are compared with results for younger people the major

differences that stand out are that; 1) younger people produce higher peak speeds, 2)

that younger people cover more of the distance between starting point and target in the

first movement phase and 3) the acceleration and deceleration within the first movement

phase are symmetrical for younger people while for older people acceleration is of

relatively short duration followed by a longer deceleration phase, see Figure 2.1
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Figure 2.1 Example velocity profiles for an older and a young adult on a
point-

to-point aiming task. adapted from Ketcham et al. (2002, p. 56).

From the point of view of an interface designer it is of interest to consider how these

differences might change if the older adult is performing a well practiced task. The

results from training studies using blocks of repeated trials showed that while older
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adults did improve overall times this improvement came from the secondary phase of the
movement. Training did not help older adults increase the closeness to target achieved

in the primary phase of the movement.

Changes in movement control

Walker et al. (1997) confirmed earlier studies showing that older people made more sub
movements and were slower in capturing a target with a mouse. Both old and young
made more sub-movements as distance increased and as width decreased but there
was also a significant interaction between age and distance with the number of sub-
movements increasing more strongly with distance for the older group. Vercruyssen's
1996 review also reports that older people may have difficulty in receiving new
information during the execution of movements. It seems possible that this corresponds
to a greater need for more involvement of higher cortical functions in responding to

feedback from movement and planning and controlling subsequent movement.

In general, Ketcham and Stelmach (2004) report that older adults show less accuracy
and fine control in executing movements. In point to point movement as discussed
above the secondary phase of movement is likely to consist of a number of sub-
movements as the older person makes several corrections to direction as they near the
target. Not only is the primary movement likely to end further from the target for older
people but in addition the trajectory of the primary movement, its peak speed, duration,
acceleration to deceleration ratio and the location of the end point is likely to be more
variable over repeated trials, Cooke et al. (1989). This has the result that the secondary
sub-movements start from different places and so need more attention to result in
ending at the target. This is compounded by older people’s slower perceptual speed so
that the process of obtaining feedback as the secondary movement proceeds is itself
slower. In other words given reduced perceptual speed it is possible for older people to

outrun their ability to provide feedback on the progress of a movement.

Ketcham and Stelmach (2004) cite a number of studies that show that older adults have
a bias for accuracy over speed. In the study by Walker et al. (1997) subjects were tested
under a variety of rules that imposed either a penalty for error or no penalty for error.

Older people were more cautious / error aversive in their movement strategies, younger

people changed their movement strategy according to the penalty for error while the
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older group adopted a consistent error avoidance strategy independent of the penalty
level. In trials where there was no penalty for error and subjects were asked to make a
single movement towards a target as fast as possible younger people were able to move
and accelerate the mouse faster than the older group. The inaccuracy (distance from
target) of these fast movements climbed more sharply with peak acceleration for the
older group which Walker et al. see as consistent with the theory that older people
experience more noise in the signals they use for muscle control. Older people in the no-
penalty-maximum-speed condition were in fact able to exceed the speeds used by
young people in the penalty-for-error-speed-chosen-by-subject condition. However when
there was a penalty for error the older group chose to use slower mouse movements.
Walker et al. see older subjects producing a movement strategy that compensates to an
extent for both their reduced ability to produce acceleration force without noise and their
slower perceptual speed. This strategy is seen as successful in that the overall increase
in response time is less than would be expected from a linear combination of the
observed effects for maximum force, perceptual speed and increased sub-movement.
Ketcham and Stelmach (2004) suggest that there is a common sense explanation for
such findings. If an older adult has learnt by experience that the results of trying to close
directly with a target are unpredictable, so that in reaching for a glass one may in fact
knock it over in some attempts, a more workable strategy is to deliberately undershoot
and then apply caution in the final approach. Part of what we may be seeing is older
people’s implementation of a compensatory strategy for having less control over

movement.

Other changes in movement

Force production - Older adults are reported as having less ability to control and
modulate the forces they apply, Siedler and Stelmach (1996). Older people have poorer
control over force production with reduced maximum available force, more variability in
the amount of force produced in repeated trials and are also slower to exert peak force.
As control over force production contributes to arm and other body movement this
carries part of the explanation for the overall reduction in precise and controlled

movement described in the preceding section.

Coordination - Older people show reduced ability to coordinate multiple parts of

movements such as the arm extension and finger opening and closing that make up a
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reach and grasp task, see Wishart et al. (2000) and Ketcham et al. (2001). If older adults
attempt to increase the speed of tasks such as drawing, handwriting or tracking,
performance starts breaking down at lowers speeds than is the case for younger people.
Older adults show poorer performance when asked to track a target, Jagacinski et al.
(1995). Charness and Bosman (1990) report that older adults have some problems with
cursor positioning if the target is the size of letters or spaces in text and they note that
this is in accord with a study by Welford (1977) which recommended adding an age
correction factor to Fitts' law governing target acquisition. As the number of joint sections
increases the difficulty older people find with smooth coordination increases. There is
also difficulty in coordinating activities between both hands, particularly as the
complexity of the activity increases, Wishart et al. (2000). Light and Spirduso (1990)
looking at young, middle aged and older groups found that as well as general slowing of
movement response time with age there was also an interaction with the complexity of
the response with age. Single digit movement was faster than two-digit movement which
in turn was faster than similar movement involving digits on both hands. Sensitivity to
movement complexity increased with age. | have not found reports of unintended finger
movements during arm movement being more common in older people. However |
observe this in myself and in some of the older people | have worked with. This problem
could be seen as either difficulty in inhibiting actions or as part of difficulty in coordination
arm and finger movements. The consequences are unintended mouse actions; drags
may be interrupted by unintended pressure on the right mouse button, clicks may be

made while the mouse is being moved and drops may occur at unintended places.

Proprioception is the term for a person’s awareness of body position in relation to their
surroundings. Ketcham and Stelmach (2004) have reported studies indicating that older
people are less accurate in reporting body position in relation to surroundings and in
relation to other parts of the body. This appears to be due to reductions in the
effectiveness of sensors in the joints and limbs. Vercruyssen (1996) reports that older
adults require more time to verify the accuracy of their movements and slow more
following an error than do young subjects. In the study by Walker et al. (1997), both
older and younger people took more time to verify that they had captured the target as
target size decreased but this effect was stronger for the older group. Older people are
less able to maintain balance and are more dependant for visual input in order to
maintain balance, Woollacott (1993). Ketcham and Stelmach (2004) note P79 that
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“during quiet stance, disturbances in incoming information greatly affect postural stability
in older adults whereas young adults can quickly and effectively recover from such

disturbances”.

Touch sensitivity is an area where there is conflicting evidence but it appears that there
is a degree of loss of sensitivity to light pressure on the palms evident in the sixties
(Kenshalo 1977) and there is a loss of sensitivity to vibration in feet and hands but this is
much more evident in the feet and seems to involve only response to high frequency
vibrations, Skre (1972), Verillo (1980). Stuart et al. (2003) found that vibration sensitivity
was preserved at the fingertips. Specifically they tested the palmar surface of the end of
the middle finger and found that this site showed no significant decline in sensitivity to
sine wave vibrations even for a group aged 70 — 90. However arm, shoulder and face

sites did show sensitivity declines.

Summary of findings about aging and motor control

e Response times are slower

e Movement is slower

e There is less control of speed, direction and force

e There are more small movements in a larger movement

e ltis harder to track targets or pathways

e ltis harder and slower to capture small targets

e There is more likelihood of overshooting targets

e Older people are slower to recognize that they have captured a target

e Skilled movement such as typing by experts can be maintained but appears to
require more plan ahead strategies

e Older people appear to adapt to poorer movement control by trading accuracy for
speed and avoiding risk

e Coordinated movement is harder

e There are more involuntary movements

e Less accuracy in knowing one’s own body position

e Poorer balance and more need for visual input to maintain balance

e Possibly less touch sensitivity
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2.7.2 Possible Effects of Age-related Changes in Movement Control
on Interface Design

Motor performance appears to decline with age and it seems relevant to ask what should
be done to revise the interface standards for such things as minimum acceptable button

size and timing or elimination of double clicks.

Movement Control and target size — relevant changes
e Itis harder and slower to capture small targets

e There is more likelihood of overshooting targets

e There are more involuntary movements

e Less accuracy in knowing one’s own body position

Movement Control and target size — design suggestions

Users should be provided with larger targets. This covers a wide range of features
including the following. Larger buttons allow older users to click buttons while diverting
less attention to controlling the movement. Targets should be clearly separated so that
the consequences of overshooting and clicking off target are reduced. Larger fonts in
drop down menus will mean that each line becomes a more easily captured target. Older
people are likely to experience small target problems at the level of inserting, selecting
and correcting text in textboxes at typical fonts used for younger people. Aula and K&ki
(2005) showed that part of the improvement of older people’s performance resulting from
a redesign of the Google display of search results came from increasing the size of the

text used in the textbox in which the search terms are entered.

Movement Control and mouse skills — relevant changes
e There are more involuntary movements
e Less accuracy in knowing one’s own body position
e Itis harder to track targets or pathways
e ltis harder and slower to capture small targets

e There is more likelihood of overshooting targets
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Movement Control and mouse skills — design suggestions

Many older users show sub-optimal mouse skills. Designers should not require older

users to double click or to perform drag operations. As always this is not to imply that no

older users can perform these operations but that the percentage of older users able to

use an interface will increase if these recommendations are followed. The presence of

involuntary finger movements in some older people means that clicks and drops may

occur without the older person intending such action or at times being aware of doing so.

One area in which this becomes apparent is in older users faced with multiple

overlapping windows where clicks outside the window boundary can lead to the older

user being perplexed as to why a window has vanished and unsure as to how to recover

from this. Applications that use full screen designs avoid difficulties of this nature.

Because of problems with inhibition of motor noise older people may have more

problems with basic mouse action such as holding the mouse still while clicking or

controlling dragging on scrollbars. Fine control of movement is difficult for older users

and should be avoided. Pointing devices such as button mice and touch pads which

depend on fine control of movement may be difficult for older users to manage.

Problems with tracking and with responding to new information presented during

movements may cause problems for older people scrolling or using drawing tools in

addition to problems related to drag and drop actions.

Movement Control and other aspects of design — relevant changes

Older people appear to adapt to poorer movement control by trading accuracy for
speed and avoiding risk

Coordinated movement is harder

Response times are slower

Movement is slower

There is less control of speed, direction and force

There are more small movements in a larger movement

It is harder to track targets or pathways

It is harder and slower to capture small targets

Older people are slower to recognize that they have captured a target

Older people appear to adapt to poorer movement control by trading accuracy for

speed and avoiding risk
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e Coordinated movement is harder

Movement Control and other aspects of design — design suggestions

Menus and scrollbars

Menus are an area in which the mouse skills required can be difficult for older users to
manage. Here the problems arise from the need for precision in capturing one of several
closely positioned targets and, where sub-menus are involved, from the need to follow
precise paths or to move quickly in order to move from the main menu item to the sub-
menu, Rogers and Fisk (2000) suggest that menus are not suitable in designs for older
people. Another problem related to older users’ movement control arises with scrollbars
which Morrell et al. (2003) notes are a frequent source of disadvantage for older users.
The problems here are partly lack of knowledge by older users of the conceptual model
of scrollbars but there are also problems in coordinating mouse movement with visual
information from the text being scrolled as well as problems with unintended drops of the

slider and clicks on the scrollbar.

Timing of motor tasks

It is worth considering the timing of complex physical tasks, do they occur in the midst of
other cognitive activity such as composing a letter or do they occur after creative effort
has paused? For example scrolling or control-S to save during work have more potential
to disrupt cognition in older users, compared with clicking a minute exit button after work

has ended despite the greater difficulty of capturing the small target.

Layout

It appears that layout should accommodate the finding of slower, more deliberate
movement by older people but it is a matter for research as to how this can best be
achieved. In general layout should limit the amount of movement required as well the
amount of fine control needed. Thus buttons should be large enough and sufficiently
separated that older users do not click unintended buttons. Problems with target size
may arise in designs that use controls where the target area is particularly small such as

radio and option buttons.
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Where very large screens are used or multiple screens joined to make a large virtual
screen this will either require more mouse movement to get to distant targets or higher

gearing between mouse movement and screen movement, either may affect older users.

Providing redundant information

Given that older people are slower to acknowledge target capture, will they be assisted
by redundant information such as a flat button becoming three dimensional when
captured or by sound cues? Gottlob (in press) showed adults benefiting from simple
redundancy, Jagacinski et al. (1992) showed that while older adults were not as good at
a tracking task as younger adults both groups improved to the same extent when an
audible tone was provided that gave (redundant) information about position or speed.
Jagacinski et al.’s work is probably not support for general use of redundant cues as the
effectiveness of the auditory information varied quite specifically with gender and the
type of information carried. Female subjects benefited more from velocity information
and male subjects benefited more from position information. Again when observing older
people in the SeniorMail study there were specific problems with such things as flat
buttons since the older people relied on the traditional appearance of a Windows button
to assist their search. There may also be a resource competition effect when the
redundant information is using the visual channel (showing a change in button
appearance) while that channel is also engaged in mouse control. Finally there may be a
problem in making use of redundant information about target capture as older people are

slower to respond to new input while performing movement tasks.

Typing and Handwriting

Loss of strength and endurance may affect prolonged typing or indicate more care with
keyboard design and work procedures designed to avoid occupational overuse
syndrome. Typing will slow with age but the findings on retention of learning of
sequences of body movements suggest that if previously learned the skill will remain
usable, this is confirmed by work on older expert typists, Salthouse (1984), Bosman
(1996). What is not certain is how much of a barrier a need to learn to type is for older
novice users. It is important to consider how easily older people learn new motor
sequences in general and how well they handle learning sequences that conflict with

previously well-established sequences. It should also be noted that age has an effect on
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the speed, sustainability and legibility of handwriting and that this may make the use of a

pen based interface more difficult.

New interfaces

These suggestions are supported by two small studies by Charness et al. (1995) in
which a mouse was compared to firstly cursor keys and secondly a light pen. The light
pen was significantly easier to use than the mouse, cursor keys were hardest to use.
Older users showed less difference from young performance with the light pen. Greater
difficulty with stimulus response incompatibility for older adults might suggest that a
mouse, which maps a horizontal response to a vertical stimulus, may be more difficult for
older adults than a touch screen. With a light pen one points directly at what one sees,
with the other forms one points to an imagined map of the screen and confirms success
by looking at the mouse cursor. Extra cognition seems to be required and the feedback
is more indirect. Charness et al. (1995) suggest these points as the basis for the
superiority they found for the light pen over the mouse as a pointing device for older
users. The differences found are marked but Charness et al. note that the study
numbers are small and it is not clear how the extra strain in holding a light pen to the

screen would affect prolonged use.

The findings on reduced touch sensitivity and ability to modulate response force with age
could have implications for feedback mechanisms such as data gloves. Again Buxton
(1996) found that using a mouse in each hand for control of drawing sequences in a
designer's drawing tool gave more appropriate ability to express the designer's
intentions. However this may be difficult for older people. In general new interfaces and

interface tools are more likely to exploit motor skills available to younger users.
2.8 Memory and Aging

2.8.1 Studies of Memory and Aging

Education is one of the few times in life where people actually engage in list learning, the
favorite task of memory research, This poses some questions about the real life
applicability of research findings on memory. There is general support for memory
becoming less effective with age, but the extent of decline varies with the area of

memory researched. Memory is a complex phenomenon and researchers have
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approached memory in a number of different ways over the last three decades. Smith

(1996) distinguishes between resource theories, structural theories and stage theories of

memory. Resource theories look at the amount of support the environment offers to a
memory task and the amount of processing an individual must contribute to the task as
well as reduction in processing quality due to age. Structural theories divide memory
tasks by time over which memory is required and broad categories of remembering
being undertaken. The understanding here is that differing brain mechanisms support
each type of structural memory. Stage theories have looked for explanations of memory
problems in aging within the presumed stages of encoding, storing and then retrieving
memory. There are findings from all these approaches that are relevant to interface

design for older people.

Resource theories

Resource theories of memory cover a number of apparently competing explanations for
poorer memory performance with aging. Craik (1994) has used level of environmental
support versus amount of deliberate processing required to explain the lack of age-
related decline in recognition tasks compared with the marked age-related impairment
on recall tasks. Implicit memory is involved in tasks where there is no conscious attempt
to remember but it can be shown that prior exposure to items improves performance. An
example might be filling in the blanks on the words res_u_ce and con_r te . Here
implicit memory leads to the first word being more readily filled in since it has been
primed (that is, it was encountered earlier in the text) while the second word was not.
Explicit memory on the other hand involves deliberate processing by the individual in an
attempt to remember. Jacoby et al. (1993) suggest that most memory tasks are able to
be influenced by both familiarity leading to priming and deliberate remembering.
However Jacoby et al. found that the implicit component of remembering was not
affected by age while deliberate remembering was poorer for older subjects. The context
in which an item is encountered while being memorized is important as a cue to later
remembering. Older adults appear to have problems in making use of contextual cues if
either the context is only loosely related to the target item or there is competing cognitive
load during the memory task, Craik and Jennings (1992), Park et al. (1990). Smith
(1996) interprets these findings in terms of the older subjects being at a disadvantage to
the extent that deliberate processing is required to integrate context and the information

to be retrieved. Hasher and Zacks (1988) see the available resources for memory tasks
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in older people being affected by reduced ability of the elderly to inhibit thoughts which
are irrelevant to the task. Resource theories overlap with structural theories in the areas

of working memory and perceptual speed that are considered below.

Stage theories of memory

Stage theories of memory consider the stages of encoding, storing and then retrieving
memory. There is no support for any difference between young adults and healthy older
adults in the way that information is stored in memory or for actual losses of stored
material, Light (1990). Rather the problems faced by older adults from the perspective of
stage theories of memory lie in the strategies used for encoding and retrieval of
memories. It has been shown that older adults tend not to adopt strategies for organizing
material to be remembered unless prompted to do so, Ratner et. al. (1987). However if
adults are provided with semantic categories to organize learning and are again
provided with semantic categories to aid recall the differences between young, middle
aged and elderly essentially vanish, Smith (1977), Craik et al. (1987). It was suggested
by Perlmutter and Mitchell (1982) that the encoding abilities of young and old do not in
fact differ, they claim that what does differ is the spontaneous use of complex encoding
strategies by older groups. See also the work by Baltes et al. cited below in the section
on training. It is argued that there is little if any decay in the storage of long term memory
but that the age-related deficits found are due to problems with recall and to problems
with older people using less than optional strategies for organizing or encoding new
information so as to facilitate later recall. Springer et al. (2005) using brain imaging found
that higher levels of education altered the areas that older people recruited to deal with
memory encoding and retrieval and that this corresponded with better performance by

these better educated older people.

Touron and Hertzog (2004) looked at older and younger adults performing a noun-pair
task. Even when the noun-pair list was learnt in advance older adults were slower to
switch to a catagory-based retrieval strategy despite comparable noun-pair knowledge.
Young and older adults reported comparable confidence ratings for the accuracy of each
memory probe response. However, older adults reported lower confidence in their
overall ability to use the category based memory retrieval strategy, which correlated with

avoidance of the category based retrieval strategy.
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Structural theories

Research based on structural theories of memory tends to see memory as comprising a
number of distinct abilities that are brought into play in different tasks. The main
distinction is between short term memory, defined as a system for storing and using
memory for very recent events (under 60 seconds), and long term memory which as its
name suggests is involved in the storage of information over longer periods of time, up

to and including the individual’s lifetime.

Short term memory is a system for storing information of immediate concern. Within
the short term memory system primary memory is used to hold the events of the
immediate past as well as information just recently retrieved from long term memory.
Primary memory is limited in capacity and information stored in primary memory is lost
rapidly over time unless it is transferred to long term memory. Working memory
combined with executive control provides a system for temporarily manipulating the

information contained in primary memory, see Baddeley (1989).

Long term memory is involved in information storage for periods longer than 60
seconds. Long term memory involves several components, episodic memory for
specific events, procedural memory for holding knowledge of the way in which tasks
are carried out and semantic memory which holds information about meaning of the
components of one’s world. Normal aging (excluding pathological conditions such as
Altzheimer's disease), produces differing degrees of impairment on the different forms of
memory. Different brain sites appear to be involved in different memory tasks, Rybash
(1994).
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Figure 2.2 Short Term and Long Term Memory: adapted from Schieber (2003)

The short term memory system

Primary memory

Research on short term memory shows only a slight decline in the number of items
which can be held in primary memory, an average of around 6.5 items can be held from
the 20s through to the 50s but this then drops to around 5.5 for the 60s and 70s,
Botwinick and Storandt (1974). Even this may be a cohort effect since Dobbs and Rule
(1990) showed that primary memory span was correlated with education level rather
than age and general education levels have increased over the last century . We can in

general rule out extreme declines in primary memory with normal aging.

Working memory

Tests of working memory show that there is a decline in the ability to engage in
processing of the content of short term memory as distinct from simple recall,
Salthouse(1994). Dobbs and Rule in the study quoted above found that age significantly
affected the ability of subjects who heard a new digit every 2 seconds to answer
questions such as "What was the number two back from the one you just heard?".

Haarmann et al. (2005) report that older adults have less success in maintaining context
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awareness on a short term memory task such as responding to the presentation of a
target letter but only if it is preceded by a letter denoting a response context. Thus
subjects might be asked to respond each time they heard an X in a series of letters but
only if the X was preceded by an A. Bopp and Verhaeghen (2005) performed a meta-
analysis of findings on different verbal span tasks related to primary and working
memory. They found that there are age differences in all verbal span tasks with the size
of the age related deficits being greater for working memory span than short-term

memory storage span.

Older people are observed to have problems in text comprehension. Light (1990)
reviewed and analyzed work in this area, looking at the interrelations between aging,
working memory limits, memory for information and verbal ability. Light examines and
then rejects claims that verbal ability at the single word level accounts for the observed
results. She suggests that the key issue lies in working memory reduction in old age.
Light states that this means that it is harder to place later passages in a text in the
context of earlier one’s where this is needed to understand the later passages. This
effect according to Light, is self amplifying, since points that are not understood are
harder to remember, both in working memory and in long term recall of the substance of

a text.

Executive function and working memory

Salthouse and Babcock (1991) split the effects on working memory into processing and
storage components and found that the declines in working memory with age were
attributable to the processing component. Howard and Howard (1996) suggest that we
will see few effects with age where tasks impose little load on working memory but that

as tasks become demanding age-related problems will appear.

The general slowing of cognitive processing with age also shows up in search speed
when scanning primary memory, Fisk and Rogers (1991), with both middle aged and
older adults taking more time to process each item in primary memory. Studies requiring
mental rotation of figures also indicate that processing of visual information in working
memory slows with age, Hoyer and Rybash (1992). However slowing of search speeds
for short term memory appears to be reversible with training, Salthouse and Somberg

(1982) found that after 40 sessions the relation between response time and the size of
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the set of items held in short term memory had become comparable for young and
elderly adults. However an age difference remained in the overall time needed to
perform the task. Training can actually increase the gap between young and old in some
memory tasks in spite of improving performance for the older group, as younger groups

can show more benefit from training, see Baltes and Kliegl (1992).

Salthouse (1996) in a meta-analysis examines ten studies as part of a growing body of
evidence pointing to the relation between memory and age being largely mediated by
speed of processing. In these studies when the variance due to processing speed is
controlled for, the relation between age and memory is markedly reduced. In this 1996
survey Salthouse found evidence for a general factor based on processing speed which
contributes to the variance of a wide range of performance measures. This general
speed of processing factor in turn is strongly related to age but after controlling for the
general speed factor there is little relation between Salthouse's varied performance
measures and age. Salthouse strongly recommends that future studies proposing a

specific age effect on any timed aspect of behavior should control for processing speed.

Long term memory

Long term memory shows different results with age depending on the tasks involved.
Recognition tasks are those where a mix of previously presented and new stimuli are
presented and the subject identifies which stimuli have been seen previously. Recall
memory tasks involve the subject remembering previously presented items without the
environmental prompting provided in recognition memory. According to Howard and
Howard (1996) findings of age-related deficits in recall of episodic and procedural
information are common but there is generally little age-related decline in semantic or

recognition memory until extreme old age.

While studies typically show little if any decline in the ability to perform on simple
recognition tasks there are significant age related declines in the ability to recall
information, Rybash et al. (1995). This is subject to the complexity of the memory tasks.
When learning material contained in stories, interviews or text, age-related declines are
also found in recognition tasks, Hultsch et al. (1991), Hertzog and Rogers (1989) and
Stine and Wingfield (1987).
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Figure 2.3 Items remembered on recall versus recognition tests with age.
Adapted from Rybash et al. 1995. The lack of age-recognition effects may only
hold for simple list learning.

An age related decline in the ability to spell words correctly has been shown by several
studies, Stuart-Hamilton & Rabbitt (1997), MacKay and Abrams (1998), Burke and
Shafto (2003). Typically the words that older people cease to spell effectively are those
with a spelling that differs from their pronunciation. The misspellings of both young and
older adults usually matched the correct pronunciation (e.g., calender instead of

calendar, spontanious instead of spontaneous).

May et al. (2005) tested young and older adults for memory retrieval at the time of day
that corresponded with their peak arousal as well as at an off peak time. Memory
responses for explicit attempts at recall were better at the time of peak arousal in each
group. Interestingly the effects of time of testing on implicit memory were opposite with
best performance in implicit stem completion and category generation tasks occurring at

the time of off-peak testing.

Procedural Memory - memory for actions
Nilsson (2003) in a review of memory and aging reports that procedural memory
generally shows little change across the adult life span but that an age related deficit is

revealed with some of the tasks used to assess procedural memory. The findings on
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skilled performance cited in the section on expertise indicate that procedural memory for

motor control tasks requires continued practice if skill is to be maintained.

However, while established procedural memories are reasonably preserved, forming
new procedural memories may be more difficult in old age. There is evidence for older
people having greater difficulty in remembering which actions they have performed when
the actions consist of a set of complex activities. Earles and Coon (1994) provide an
example where the activities to be remembered were a set of psychometric tests
performed earlier. However Smith (1996) suggests that there are mixed findings as to
the ability of older adults to remember which actions they had performed from sets of
simple physical actions. Kausler (1994) found that all the studies reporting non-
significant differences gave results in the direction of increased difficulty for
remembering actions by older adults. Kausler suggests that performing a physical action
automatically encodes it and that this explains why there are smaller age differences
when recalling which physical actions have taken place than when recalling verbal

materials.

Spatial memory and non-verbal memory

Older adults appear to perform worse on tasks which require remembering spatial
location, for example which quadrant a word appeared in, Denny et al. (1992) or
replacing items in a model, Cherry et al. (1993). Smith and Park (1990) summarized the
previous decade of spatial memory studies and found that 12 of 14 studies showed age
differences. Gilbert and Rodgers (1999) found that older adults were slower to master a
spatial mental model and fewer of the older adults achieved mastery (62% vs 91% for
younger adults). Once the older adults had mastered the mental model they made

equally effective use of it except for tasks that placed a load on working memory.

Older adults tend to have poorer memory for non verbal items such as faces Crooke and
Larrabee (1992) or map routes, Lipman and Caplan (1992). However Park et al. (1990)
confirmed her earlier work showing that memory for complex scenes was equivalent in
young and old, it appears though that this depends on the consistency of the internal

support provided by the interrelated elements of the scenes, Frieske and Park (1993).
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Source memory

Source memory is the ability to remember where information was previously
encountered as distinct from the remembered information itself. Shimamura and Squire
(1991) argue that source memory is a separate system from memory for facts.
According to Dywan and Jacoby (1990) source memory shows a decline in accuracy
with age. This is confirmed by Simons et al. (2004) who found that age-related deficits
were observed on both specific- and partial-source recollection but that there did not
appear to be a difference between the age related effects on the two forms of source
recognition. Cabeza et al. (2002) compared older adults who were rated as low
performing on cognitive measures with high performing older adults and with young
adults. Subjects were compared on tasks involving recall and source memory
identification of recently studied words. Young adults showed a pattern of activating the
right side of the pre-frontal cortex. Low performing older adults showed a similar limited
pattern of brain activation to young adults. However high performing older adults
engaged areas on both sides of the pre-frontal cortex. The authors suggest that the
observed difference is consistent with the idea that high performing older adults recruit
extra cognitive capacity to compensate for neural impairment while low performing older

adults remain with the patterns of activation used when they were younger.

Anxiety and age stereotyping

Li et al. (2004) found that anxiety worsened performance on episodic and source
memory for older subjects but not for younger subjects. In work by Hess et al. (2004)
older but not younger people showed altered performance on memory tasks when
exposed to implicit versus explicit priming with stereotypes related to aging. Implicit
priming with positive stereotypes led to improved memory recall while implicit priming
with negative stereotypes led to decreased recall. When explicit priming was used there
was an effect due to the strength of the stereotypes. With exposure to subtle stereotypes
older people showed little effect but blatant stereotype exposure led to decreased
performance irrespective of whether the primes were positive or negative stereotypes.
Chasteen et al. (2005) also found that being negatively stereotyped influenced older
subjects in a way that increased age differences in memory performance. In addition it
was found that that the effects on performance from negative stereotyping were not

easily reduced by reframing the task instructions.
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Prospective memory

Prospective memory is the ability to remember to remember, to remind one’self to keep
appointments, take out the rubbish or take one's medicine. Prospective memory is
reduced in elderly people. Einstein and McDaniel (1990) found no problems with older
subjects’ prospective memory on a simple task where they had to press a key each time
they saw a target word during the performance of other tasks. When the prospective
task was made more complex such as having several target words to respond to,
Einstein et al. (1992) or seeing a beard while looking at pictures, Maylor (1993) then age
differences appeared. Age differences are also seen with tasks which require subjects to
perform an action every so many minutes without providing reminders, McDaniel and
Einstein (1993). Salthouse et al. (2004) looked at performance on four prospective
memory tasks and found age related declines for prospective memory. Salthouse et al.
analyzed the relationship of prospective memory to other measures and found evidence
that there was evidence for prospective memory existing as a valid independent
construct after allowing for the fact that prospective memory was correlated with
cognitive abilities, such as executive functioning, fluid intelligence, episodic memory, and
perceptual speed. Prospective memory was only weakly related to self-ratings of

memory and to personality traits.

Einstein et al. (1998) looked at prospective memory in a specifically computer based
situation. Subjects did 11 tasks each 3 min long on a computer. They were told to press
the F1 key at some stage at least 30 seconds after the start of each task. In one
condition the subjects had a reminder note "Remember to press the key" taped to the
keyboard. In addition half the tasks were presented under divided attention conditions.
Subjects were young - ~20 vs old ~70. Errors could consist of repetition or omission.
Subjects were questioned as to whether they had pressed F1 after each trial. Older
subjects performed worse than younger subjects. This was most pronounced in the
divided attention condition where repetition errors were higher in the older group in
earlier trials while omission errors were higher in the older group in later trials. Einstein
et al. suggest that older people in later trials may have difficulty in remembering whether
a key press had been made in the current or a previous trial. In earlier trials the effect
could be due to slower learning by the older adults. The presence of a cue had a
paradoxical effect, it gave slightly worse performance overall, this was particularly so for

omission errors in the older group in later trials.
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McDaniel et al. (2003) confirmed earlier studies showing that when execution of
retrieved intentions must be briefly delayed, older adults display deficits in performing
those intentions. McDaniel et al. interpret their findings as suggesting that age
compromises maintenance of information in awareness. Consequently, when forced to
delay execution of retrieved intentions, older adults may rely more on plan reformulation

and subsequent retrieval of the intention from long-term memory at the end of the delay.

Memory Training

It may be that, without intervention, older adults persist with encoding and recall
strategies that they used and found adequate when young but which are no longer
adequate given an aging brain. A study of learning practice effects by Gilbert and
Rogers (1996) is of interest because it demonstrates training effects on response time
persisting over a very large number of trials. Gilbert and Rogers found that older
subjects in a group provided with 960 practice trials maintained an advantage over a
control group of the same age which did not undertake practice trials. This advantage
was maintained over the next 3600 trials in the study. In younger subjects practice did
not provide a long lasting advantage, both younger groups rapidly reached asymptotic
performance. This indicates the very long period during which older subjects' response
times continue to fall with increased task experience.

Morrell and Echt (1997) suggest that for older but not younger groups learning of
procedures given in text is poorer when the text is presented accompanied by
superfluous graphic material. However Morrell and Echt also note that where including

graphics reduces cognitive load there is a positive effect on accurate learning.

Baltes and Kliegel (1992) put groups of young and old adults through 35 training
sessions over 16 months using a method of learning to associate items to be
remembered with familiar images from the subject’s life. Both young and old groups in
the Baltes and Kliegel study showed ability to improve their test scores with this method.
However the young group showed much greater benefit from training and the separation
between the groups increased over the training period. Kliegel et al. (2003) looked at
inhibition efficiency, memory span and the way that participants structured the material
learnt. All these factors contributed to the observed poorer performance of the older

group. There was a notable contribution from the subjects’ quality of structuring the
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learnt material by categories. Kliegel et al. emphasize the importance of teaching
strategies for organizing learning material in the context of cognitive training for the

elderly.

Items remembered

Sessions

Figure 2.4 Younger subjects benefit more from memory training than older
subjects. Adapted from Baltes and Kliegl (1992)

Summary of findings about aging and memory

Short term memory

e The ability to make use of information in short term memory declines

e Older people are slower to recall information from working memory

e One effect of reduced short term memory is in problems with text
comprehension, especially for longer or more complex passages
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Recognition and Recall from long term memory

Deliberate recall of previously encountered material becomes harder with age
Recognition of previously encountered items is not greatly affected if the items
are simple

Older people are likely to use inadequate strategies for learning new material so
that it can be retrieved

Structuring of memories may be worse in less educated older people

Problems in using context to prompt recall memory as distinct from recognition
Less ability to inhibit irrelevant memories

Attempts to recall information are more affected by anxiety

Specialized forms of long term memory

Spelling of unusually structured words becomes poorer

Memory for how to do relatively simple things remains

Skilled motor performance requires practice to retain

There can be problems in remembering if a job has been done or is still to do
There is poorer memory of spatial information and other non-verbal information
There is poorer memory for where information was found (source memory)

It becomes harder to remember to do jobs at some later point in time

(remembering to remember or prospective memory)

2.8.2 Possible Effects of Age-related Changes in Memory on Interface

Design

Memory is an essential tool for acting in the human world and for working with human

artifacts. Older people will in general work within an application under the burden of

reduced memory function. There are a variety of ways an application designer can

attempt to assist older users to compensate for this but the core message is that if your

users have poor memory then give them less to remember. Simplicity is the central

design approach for coping with poorer memory.

Memory, Learning and Cognitive Ability have pervasive and interwoven effects on

application use by older people. As such they are harder to discuss separately and
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harder to make specific design recommendations with respect to particular aspects of

computer use.

Learning is covered later in this chapter but for now it is enough to say that partly
because of issues with memory older people will be slower to learn, will require more
repetitions to learn, will forget more details for a longer period. For this and other
reasons a designer should expect some of their older users to attempt to use an
application with a more partial knowledge of the application than would be expected of
younger users. It is my impression that some older users will retain the status of
“perpetual newbies” over a year or several years. One of the design challenges in
designing for older people is to design applications for users who may not remember the
basics, “Well | have done that, now what do | do?....Oh you want me to click that button
with OK on it?”

In younger people cognitive function provides an alternative to memory, if one has
forgotten how to do something then it is often possible to use a variety of models of the
situation (a task model, an application model and an environment model) to work out
what should be done. However because of a degree of decline in cognitive function older

people are likely to be less able to construct new solutions in this manner.

One aspect of designing for people who forget, or do not learn, basic application details
and interaction idioms is that a younger designer uses these details with little conscious
thought. Older users with minimal knowledge and limited capacity to acquire it break a
younger designer’s fundamental assumptions about what can be assumed of the users
they are designing for. Because of the younger designer’s unconscious mastery of such
detail (and similar easy mastery by the younger users that the designer may have
experience with), the designer’s assumptions about basic skills and basic knowledge are
usually taken for granted. Meeting users who break these assumptions, and carefully
designing within the limitations of such users rather than rejecting them, can be a rude

shock.
Short term memory - relevant changes

e The ability to make use of information in short term memory declines

e Older people are slower to recall information from working memory
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e One effect of reduced short term memory is in problems with text

comprehension, especially for longer or more complex passages

Short term memory — design suggestions

If we look at the general roles of memory in computer use we can see that short term
and working memory are crucial for detailed control of interaction and for placing action
or interpretation of one part of an application into the context of actions or interpretations
made in some other part of the application. We can speculate that since older people
have more difficulty processing information in working memory this should affect
computer use. The role of the application should be to minimize the load placed on
working memory and to make it possible for a user to conveniently off load and later

recover some of the contents of working memory.

This should also be important where physical slowness or perceptual difficulty means
that it takes an older adult longer to complete a task with a consequently increased
likelihood of information being lost from short term or working memory. The implication is
that older people in particular will benefit from simplicity of interface design both where
this reduces cognitive complexity and where the time and number of items that need to
be remembered is reduced. We can ask if older Web users are more affected by delays
in displaying web pages where they need to relate information obtained from several

pages.

It is worth considering if older peoples' problems with text comprehension on paper
documents become greater when text is available via a word processor on a VDU
display. It seems likely that where scrolling is involved, requiring extra manipulation via a
word processor to view the text will create task interference and hence extra cognitive
load. Charness (1998) suggests that the visual unavailability of text that has scrolled out
of view will mean more bridging is required in memory to relate sections of text when
working with long documents in VDU displays. “You can't make return saccades to

disambiguate text when its scrolls out of view.”

Long term memory, Recognition and Recall — relevant changes

o Deliberate recall of previously encountered material becomes harder with age
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¢ Recognition of previously encountered items is not greatly affected if the items are
simple

e Older people are likely to use inadequate strategies for learning new material so that
it can be retrieved

e Structuring of memories may be worse in less educated older people

e Problems in using context to prompt recall memory as distinct from recognition

e Less ability to inhibit irrelevant memories

e Attempts to recall information are more affected by anxiety

Long term memory, Recognition and Recall — design suggestions

Remembering how to use an application

Older users can be expected to remember fewer ways of activating features of an
application. This means that older users are likely to have to search for the tools that
they want to use instead of remembering where to find them. It is also likely that older
users will have a less detailed knowledge of what a particular tool does. A design
response to this is to have fewer tools (or features) and to provide very obvious visual
cues that make it easy to find ways of activating the required tools. The tools themselves

should be suitable for using with a limited knowledge of the tool’s function.

Longer term memory has numerous roles; remembering actions or interpretations made
in some other part of a complex document in the current or a previous session,
remembering how to use the program, remembering external data or events which are
relevant to the current session and remembering information acquired during the session
after the session has ended. The research findings suggest that while long term memory
itself is not impaired with age older adults may suffer from problems with strategies for
organizing newly acquired material or for retrieval. Here the role of the application may
be to indicate useful ways of organizing material and to provide suitable cues for

retrieval.

The relevance of source memory here would seem to be in remembering how or where
one previously obtained information about a complex and infrequently performed task.
Source identification tasks with a computer interface would seem to be mixes of 1. motor

tasks — what mouse targets or keystrokes combinations were needed in the past to get
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to application options, 2. purer source tasks - who told me that, which book, which
chapter and 3. verbal memory tasks - what key word will get to this task in the Help

system's search engine.

We can expect older users to remember fewer shortcuts, icons and idioms. The design
response is to make less use of such items, trying to make an application whose ease of
use does not depend on the user finding clever ways of doing things. Older users can be
expected to have greater reliance on knowledge in the world so designs should provide
clear visible affordances such that older users will both find and correctly interpret them.
This may translate into well captioned links and buttons rather than icons and pictorial
toolbar style buttons. It also would support a design approach where the information
about what to do next appears close to the position at which an older user completes the
previous action. It is likely that caution needs to be taken when adding graphic material
to ensure its simplicity and relevance, both of which should enhance an older user’s

ability to remember the relevance of the graphic.

Kelley and Charness (1995) suggest that function keys may be too demanding for older
users since they require recall rather than recognition. Menus which provide cues
depending on recognition would appear to be appropriate for older users except for the
problems noted earlier related to motor control and to visual search. Kelley and
Charness see the status of icons as intermediate between menus and function keys.
However older people may be more sensitive to proliferation of low quality icons.
Common warning symbols had varying levels of recognition for both young (< 40) and
old. For a few symbols such as Explosive, Hot, Moving rollers older adults were much
less likely to recognise the symbol that younger adults. For other symbols older adults
typically showed a slightly smaller (non-significant) recognition rate. (eg Flammable 91%
vs 98%), Mayer and Laux (1989). In 1989 both groups had zero recognition of the
biohazard symbol. The study was extended to see what actions subjects reported that
they would take in response to encountering a warning symbol. Subjects chose from a
check list of appropriate actions. Older users were much less likely to check behaviors
such as not smoking near an object marked with a Flammable symbol, (17% to 95%) so
the authors raise a concern about the ability of older adults to link appropriate behavior

to graphic symbols.
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As Fisk et al. (2004) point out, paradoxically in some parts of their computer use older
people will be more dependant on “knowledge in the head” where they will expect
conformance with those conventions that they do know. The examples provided by Fisk
et al. include using an upward move or rotating to the right to increase a value, the point
made by Fisk et al. is that where the conventions that older people do remember are
broken by a design older people will have fewer resources available to discover the new
behavior required, in addition older people tend to be more upset and disrupted by what

they see as error or inconsistencies.

Obtaining and transferring information

Memory and in particular short term memory is relevant where users are involved in
obtaining and transferring information. The situations vary; understanding parts of a
document or sentence in relation to other passages or other documents, reading Help
documentation, working between a paper source and the screen, cutting and pasting
and remembering the content of the passage cut in the course of transferring to the
place where pasting will occur, noting and remembering relevant information in a

document, re-reading information, making sense of text and diagrams.

In following on-screen instructions a user is engaged in remembering position while
making saccades to the area where the information will be applied and back to the
information source. This may involve more returns to the source list for older users with
their poorer working memory. Design choices to assist could involve making the list
items short and clearly written but could also involve making the position in the list easier
to remember by numbering the list or by having a position pointer that is moved when a
part of a task is completed. Similarly when making estimates from an on-screen graph
short term memory is involved in part of the control of saccades from the axes to
intersections of values on the graph. As another example it can be shown that
performance can be improved for younger users by providing grids and smart graphs
that provide mouse over information as the mouse moves over the graph, see for
example Hawthorn (1996), similar techniques could reduce the short term memory

demands on older users.

It is not always clear how findings on memory should be applied. As an example Fozard

(2003) takes issue with asking older people to enter long sequences from credit cards
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when entering security codes. What | have observed is that in fact older people seem to
cope reasonably well given that the codes are usually broken into 4 or 5 digit blocks, at
the bottom end of Millers limit of 7+-2 for primary memory. Where memory problems
come into play in this example is that older people may not have learnt that the entered
code should be devoid of spaces and the lack of spaces in the entered text may make
checking harder as one has to remember the segment and relocate a position in a long
string. What would help here in my view is that the application should deal with the
spaces without generating an error. A possible further refinement is the approach taken
when entering authorization codes for installing applications. In this scheme, not only are
the numbers grouped but each group of numbers has its own box and the focus shifts

automatically as a box is filled.

[1234] [5678] | ] is easier for people with limited short term memory than
12345678

With some documents the designer has control over the content and the display. Thus a
Help document might follow the recommendations for text understandability for older
people given earlier and it might also be displayed within the application in a format
where the user can still see the application screen the older user is obtaining help for, so
that the older user does not have to remember details from either a paper manual or full
screen Help while transferring their attention to the application screen where help is
needed. Keeping documents short so that a user does not have to scroll is another
design response, the aim being to avoid requiring the user to hold off screen information
in short term memory. Another response could be to make it easy to print any text,
including error messages. Automatic error message logging could again assist older

people, provided that they understood that the message had in fact been stored.

For other documents however the designer provides the container within which they are
displayed but does not control the content. It could be of interest to consider if improved
tools can be constructed to assist older readers to find and or highlight passages of
interest, but such tools themselves imply more tools to be found and skills to be

remembered so may not lead to improvements over the wider group of older users.
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Although healthy older adults appear to retain most semantic memory the designer
should be aware of the possibility that some aspects of long term memory for rules and
meaning will fail. An example is the increasing frequency of spelling difficulties with age.
Spelling correctly is part of self presentation and hence part of maintaining an older
person’s self respect. Thus the provision of easily usable spell checking in applications
such as email where an older person’s writing will be seen by others is a useful step.
Such spell checking needs to actively point out errors rather than expect the older
person to remember to spell check. The wriggly red underline available in Microsoft

Word is an example of this.

Specialized forms of long term memory — relevant changes
e Spelling of unusually structured words becomes poorer
e Memory for how to do relatively simple things remains
e Skilled motor performance requires practice to retain
e There can be problems in remembering if a job has been done or is still to do
e There is poorer memory of spatial information and other non-verbal information
e There is poorer memory for where information was found (source memory)
e It becomes harder to remember to do jobs at some later point in time

(remembering to remember or prospective memory)

Specialized forms of long term memory — design suggestions

Remembering where one has been and where to go

In web sites older users have been shown to be poorer at navigating, see Mead et al.
(1997). This seems likely to be general, applying to application navigation as well.
Navigation skills include holding an overall model of the site or application, holding
knowledge of specific locations for finding particular facts or tools, remembering where in
the site or application one is currently located and understanding how to move to other

parts of the structure.

Ways of reducing memory demands on older users as they navigate may include the
following. Making the application structure as simple as possible. Holt (2000) has shown
that older web site users are definitely helped by appropriately designed site maps. So

application designers could consider providing the equivalent of a site map. One way of
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doing this may be to make the home base of an application into a set of command
buttons that take a user to each of the other parts of an application, with a provision for a
sort of sub-menuing where some buttons may take the user to a further screen of
navigation buttons. In effect the main screen(s) of an application become a permanently
open menu, this reduces the older user’s need to remember what options are located in
what parts of a menu and to combine searching with mouse manipulation. It may also
assist by providing the older user with repeated views of what is effectively a site map
(and hence repeated learning opportunities for absorbing the application model). In
translating the site map concept to applications it may be useful to clearly identify the

destinations available with the tasks to be achieved by going to each destination.

Another way of assisting navigation is to enforce a simple navigation model where
progress is essentially linear, either proceeding away from the main menu to options or
proceeding back to the main menu. This can be accompanied by consistent location of
the buttons or links for achieving relevant navigation tasks, particularly the buttons or
links for returning to the main menu. Pages and screens can be captioned in such a way

as to make it clear how the page or screen fits into the overall site.

Remembering what has been done and remembering what needs to be done
Older user’s problems with remembering if they have completed particular actions and
with remembering to remember to carry out actions in the future should be considered
by designers. To an extent existing designs already accommodate some aspects of
remembering to remember such as asking users if they want to save changes before
exiting. However other common prospective memory situations do not allow the
application to understand a user’s likely intention, for example in the matter of attaching
a file to an email before sending it. It becomes a matter of interest in working with older
users to identify tasks where users either repeat already completed sub-tasks or fail to
carry out sub-tasks and to experiment to find if there are changes to structure or cuing

within an application that make such lapses less likely.
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2.9 Attention and Aging

2.9.1 Studies of Attention and Aging

Simplistically, attention is the ability to focus on elements needed for the performance of
a task. Plude and Hoyer (1985) defined attention in terms of the capacity or energy to
support cognitive processing. Shieber (2003) notes that a key characteristic of attention
is that it represents a limited human capacity, our ability to coordinate tasks with our
awareness of environmental input and stored information can be overloaded. Within the
overall topic of attention there are five traditional research concerns; sustained
attention — maintaining attention over time, selective attention — maintaining a focus
on relevant aspects of incoming information, divided attention — maintaining attentional
focus on more than one task simultaneously, the span of attention — the spread of
information that can be attended to, and automatic response — where well learned
behavior can proceed without attentional control. There are numerous findings of age-
related decrements in performance on a variety of attention-related tasks, including
sustained attention, selective attention, and inhibition tasks, Armstrong (1997), Chao and
Knight (1997).

Attention, sustained performance and vigilance

Vercruyssen (1996) states that older adults have problems maintaining attention over
long periods of time. This is indicated by the increased frequency of gaps in performance
in older subjects who are asked to perform response time trials for periods over 10
minutes. Vercruyssen suggests (p66) that tasks requiring rapid or continuous scanning
are particularly fatiguing for older adults. However note findings cited by Kline and
Scialfa (1996), p37 in the same handbook, that reported no age difference in a vigilance
task involving detecting infrequent double jumps on a chronometer display over very
long time intervals. Berardi et al. (2001) also found no age related differences in
sustained attention. But when Mani et al. (2005) used the continuous performance test
to measure sustained attention, they found evidence for age-related differences in

performance, particularly for deficits in selective response inhibition.
Deaton and Parasuraman (1988) found differing effects for cognitive versus sensory

vigilance tasks. The tasks involved detecting episodes where a pair of numbers were

odd and even (cognitive) or different in size (sensory). For young and old vigilance
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dropped more over time on sensory tasks. Old subjects showed poorer hit rates when
cognitive events were presented rapidly (40/min) and had more false alarms on the
sensory task. Deaton and Parasuraman found that older users were best at a slowly
presented (15/min) cognitive vigilance task though they see older users as less suited
for vigilance tasks overall. Interestingly older users gave the cognitive task a higher
rating on a subjective workload scale than the sensory task. As the authors point out this
means that subjective ratings could lead to a designer picking the type of vigilance task

older people are worst at.

Selective attention

In selective attention tasks the subject must extract relevant information from distracting
detail, here there is agreement in the literature that the ability to pay attention to relevant
information in the presence of distracting information declines with age, Connelly and
Hasher (1993), Kotary and Hoyer (1995). In a series of papers dating from 1988,
Hasher, Zacks and co-workers have argued that this is because older adults are less
able to inhibit response to the presence of distractor items, see Kane et al. (1995) for a

summary.

The Stroop interference effect is found where incompatibility between stimulus and
response slows response time, for example in identifying the color in which a target word
is displayed where the word might be RED and the color in which it is displayed was in
fact green. In such cases people have to inhibit the initial well learnt response to the
meaning of the word before they can produce the desired response, “Green”. This
demonstrates difficulty in inhibiting strongly learnt associations. Vercruyssen (1996)
reports that the Stroop effect is accentuated with age. That the Stroop effect is more

pronounced in older adults is possibly due to declines in inhibitory control with aging.

Nielson et al. (2002) showed that older adults activate additional brain areas to those
activated by younger subjects when engaged in tasks that require inhibitory control. In
spite of this older adults achieve poorer levels of success on tasks requiring inhibitory
control. Langenecker et al. (2004) using functional magnetic resonance imaging found
older adults were slower and made more errors during the interference condition of a

Stroop test. The imaging results indicated that the older adults activated more parts of
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the frontal brain areas in performing the task, thus offering support for the recruitment

hypothesis.

Top-down modulation is a cognitive control mechanism that supports both attention and
memory by the suppression and enhancement of sensory processing in accordance with
task goals. The distinction between bottom-up and top-down forms of attentional control
is important in current theories of visual search performance. An example of bottom-up
attention is the involuntary orienting to a target item distinguished from nontarget
(distractor) items on the basis of local distinctiveness of its display properties (e.g., a red
target letter among gray distractor letters). In top-down processing, in contrast, search is
driven more by the observer's knowledge and goals than by the properties of the display.
Most forms of visual search represent the combined influences of bottom-up and top-

down attentional control.

Top-down modulation has been reported to be less efficient in older people. Gazzaley et
al. (2005) used functional magnetic resonance imaging to investigate the effect of
normal aging on top-down modulation. Their findings emphasize a defect in older
people’s ability to suppress irrelevant information. They found that older adults had much
less brain activation when they needed to engage in the suppression of cortical activity
associated with task-irrelevant material while activation for task-relevant activity was
preserved. This supports the role of decrements in inhibition in older people’s poorer
performance with selective attention. A singleton is a search item that is the only
distinctive item in a collection of search items by virtue of being the only colored item or
by some other distinguishing feature. Madden et al. (2004) compared younger (19-27
years of age) and older (60—82 years of age) adults performing a letter search task in
which a color singleton was either noninformative (baseline condition) or highly
informative (guided condition) regarding target location. The guided condition provides
an example of top-down modulation and under this condition both age groups exhibited
a substantial decrease in response time (RT) to singleton targets, relative to the baseline
condition, as well as an increase in RT to nonsingleton targets. Madden et al. conclude
that under conditions that equate the physical structure of individual displays, top-down

attentional guidance can be at least as effective for older adults as for younger adults.
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Divided attention and dual task performance

There is agreement on the effect of age on the ability to maintain divided attention where
the subject must pay attention to more than one task at the same time. Researchers
such as Hartley (1992) and McDowd and Craik (1988) have reported declines in
performance with age on divided attention tasks. However divided attention problems
with age appear to occur only in complex tasks rather than simple or nearly automatic
tasks. There is an argument that the apparent attention deficit may be a result of overall
task complexity rather than due to divided attention as such, (McDowd and Craik 1988 ,
Salthouse and Somberg 1982). Holtzer et al. (2004) found that age increased the
performance problems found where the degree of temporal overlap was increased
between competing tasks in a dual task situation. This effect was reduced but still

present when the dual tasks represented different modalities.

Hogan (2003) examined whether higher levels of anxiety are associated with poorer
cognitive performance in older adults. Looking at selective and divided attention tasks it
was found that higher anxiety was associated with poorer divided attention performance

in older, but not younger, adults.

Korteling (1994), in an interesting paper, showed that old people initially performed as
well as a younger group on familiar dual tasks in a driving simulator. The dual task
involved was to keep to the center of the road while maintaining a set following distance
from a vehicle ahead. However when gas pedal polarity was reversed so that faster
became up, the older group had trouble, not with the following task involving the gas
pedal but with the steering task. Kortelling interprets this to mean that while coping with
the reversed gas pedal was possible, to do so markedly reduced the cognitive resources

available for the second task.

Wikman and Summala (2005) had subjects perform a visual search task on a display
unit within a car while driving. The older group spent longer looking at the in-car display,
they traveled a longer distance with eyes away from the road and showed a larger lateral
displacement of the car in relation to the road. The number of long (>2 sec) glances was
larger among the elderly group. The difference between the older and younger subjects

was larger when the subjects needed to press a key on the display (motor response)
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than when a verbal response was required. The authors conclude that even by the age

of 65 to 70 years, older drivers have difficulties in time-sharing in highway driving.

Morrow and Leirer [77] reviewed studies of pilot performance. Older pilots were similar to
younger pilots in response time on simulator tests except for "high workload conditions"
such as a landing involving cross winds and turbulence. Older pilots made more
mistakes in responding to and feeding back air traffic control communications in flight
simulator tests and this effect worsened when the messages were made more complex.
Age had more impact on communication tasks than on routine maneuvers. This is of
potential interest to those looking at co-operative environments. It may be that older
users have less ability to cope with the communication load and demands on working

