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ABSTRACT 

Research on ageing is being conducted across multiple disciplines. It is important to keep abreast of the wider ageing 
research, with a view to how findings in other disciplines can impact upon human computer interaction (HCI). Research 
in psychology on age-related memory losses, in psycho-social areas on biological losses that arise with increasing age, 
and in biomedicine Alzheimer’s related animal experiments, all has potential to impact interface design. HCI researchers 
need to remain cognisant of advances in other fields. This review examines the possible design implications that arise 
from such research, and consequently suggests further avenues for HCI research. 
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1. INTRODUCTION 

Human computer interaction (HCI) began as a bridging of many disciplines, including computer science, 
psychology and others, and has emerged as a discipline in its own right. Amongst the many HCI studies, 
there have been numerous investigations of ageing (Pfeil and Zaphiris, 2010, Zaphiris et al., 2005, Sayago 
and Blat, 2010), including usability and accessibility guidelines (Jaeger and Xie, 2008), mobile devices 
(Kurniawan, 2008, Ziefle and Bay, 2004), pervasive computing (Shankar, 2008), various interfaces that aid 
senior users of information and communications technology (ICT) (Hawthorn, 2007, Rice and Alm, 2008), 
and a few that have focused on issues of cognition (Sayago and Blat, 2010, Burmeister, 2010, Czaja et al., 
2006, Hiltz and Czaja, 2006). In HCI the value of multidisciplinary research is well recognised. For instance, 
one key area of HCI is that of participatory design, which is in effect a set of practices that draws on multiple 
disciplines, including graphic design, software engineering, psychology, sociology and political science 
(Muller, 2003). Similarly, in the area of ageing, it is important to recognise the value of multidisciplinary 
approaches. There have been at least four discoveries in other disciplines that could benefit interface design 
for seniors, particularly in relation to age-related cognitive impairments. This paper reports on those four 
studies, and on how they impinge on HCI. Thus future HCI research directions are revealed, that offer new 
possibilities for HCI designers, to meet the needs of senior users of ICT.  

Amongst the multidisciplinary discussion are two discoveries in psychology, one that separates cognition 
into two main types, the other is a related finding revealing that, certain types of age-related memory 
impairments can be compensated for, with the provision of contextual markers. A third discovery that has the 
potential to impact HCI research is psycho-social literature on the lifespan theory ‘selective optimization with 
compensation’ (SOC) and the concept of assisting seniors through technology, to compensate for age-related 
functional losses. Finally, a study reported this year in biomedicine revealed that mice with Alzheimer’s 
disease (AD), have difficulty to find ‘home’, when other mice without that disease, had no such difficulties. 
Given that it appears that pharmacological solutions to AD remain distant, this suggests that certain types of 
navigational aids could assist seniors, who suffer from the form of dementia known as Alzheimer’s disease. 

The paper reviews the findings in each of these aforementioned four studies. Each such discussion ends 
with an implications section, to demonstrate how the findings could be applied in a HCI setting. The paper 
ends with overall conclusions regarding the importance of multidisciplinary research, to the advancement of 
HCI research. 
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2. COMPENSATING FOR FUNCTIONAL LOSSES 

Selective optimization with compensation (SOC) is a psycho-social lifespan theory of ageing that has gained 
prominence in the last two decades. SOC researchers (Baltes, 1997, Marsiske et al., 1995, Baltes and Smith, 
2002) found that, from an evolutionary perspective, selection pressures operated in the first half of an 
individual’s lifespan, to ensure reproductive fitness, as well as effective parenting behaviours. SOC envisages 
the progression to successful ageing as going beyond reliance on evolutionary biology, to cultural influences. 
Successful ageing therefore, is less a function of biology, and more a function of increasing the culturally-
based resources available to people to help them find supportive compensations for biological losses. It is an 
integrative approach that incorporates multiple factors affecting seniors as they age. It combines individual, 
social and institutional perspectives. SOC recognises that people cannot do everything themselves and that 
they compensate for this by relying on external supports in those areas (Baltes, 1997, Marsiske et al., 1995). 

In other words, as Vanderheiden (Vanderheiden, 1997, 1994) foreshadowed over a decade ago, HCI can 
have an important role in helping seniors to overcome the functional losses of ageing. More recently, 
ethnographic HCI research has revealed that when the social capital available to seniors is increased, their 
enjoyment of ICT-based social interaction and their overall well-being increases (Pfeil and Zaphiris, 2010, 
Xie, 2008). However, such findings appear as independent studies, which do not look beyond HCI, such as to 
psycho-social studies of ageing to explain why this might be the case. By combining HCI and other ageing 
research, it may be possible to extend technological aids to seniors beyond current assistive technologies and 
accessibility guidelines. Such things are important and provide important compensatory steps toward better 
resourcing seniors, but more needs to be done. 

3. DECLINES PREDOMINANTLY AFFECT MECHANICAL COGNITION 

SOC studies concerning the cognitive abilities of seniors have revealed that change occurs in adaptive 
capacity in two related areas. Those two areas are referred to as mechanics and pragmatics. Mechanics 
describes the biological intellectual functions concerning information processing, such as “reasoning, spatial 
orientation, or perceptual speed”, whilst pragmatics describes “cultural systems of inheritance”, for example 
“verbal knowledge (e.g. semantic memory) and certain facets of numerical ability” (Baltes et al., 1999). 
Furthermore, in relation to mechanical cognition, research with seniors in developed countries has 
demonstrated that people maintain mental achievement levels until about age 70 (Baltes and Smith, 2002). 
Then, the older people become, the more seniors experience impairments when they encounter new learning. 
Baltes and Smith stated that this is particularly evident in the very old, and that sizeable losses in people’s 
ability to learn can occur for people over 85. Thus one aspect of mechanics, concerns the ability of seniors to 
process new information.  

How might this impact on HCI design? One implication is that care needs to be taken with people over 
the age of 70. The older they are, beyond that age, the more difficulties they will have in adapting to software 
upgrades, changes to hardware platforms and new interfaces. The reason for that is that, all such changes 
require users to relearn to use their technology, but for such seniors, the new learning involved can be 
particularly difficult. For example, in a study on mobile phone use by seniors, Kurniawan exposed seniors to 
a complex new interface, and concluded that seniors cannot cope well with complexity (Kurniawan, 2008). 
However, had that HCI researcher been cognisant of the psycho-social cognition research above, an alternate 
conclusion might have been that it was not complexity, but new learning, that seniors found problematic in 
the use of such a new mobile phone interface. 

4. CONTEXTUAL INFORMATION COMPENSATES FOR DECLINES IN 
EPISODIC MEMORY 

The term ‘semantic memory’ referred to in the quotation by Baltes, Staudiner and Lindenberger, above, is  
employed by cognitive psychologists to refer to a person’s store of factual knowledge. Craik (1999) claimed 
that seniors experience little or no decline in semantic memory performance, but “substantial age-related 
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declines in episodic memory performance … (which) … may be taken as a further proof of the existence of 
at least two separate memory systems.” He further stated that episodic memory can be supported with the 
provision of contextual information.  

A few HCI researchers have already begun to explore the impacts of two memory systems on HCI design. 
For instance, the memory types referred to here as semantic and episodic, have also been referred to as 
crystallized and fluid intelligence (Czaja et al., 2006), respectively, and were recently employed in a study of 
web use by seniors (Hanson, 2009). Hanson described crystallized intelligence as the ability to use skills, 
knowledge, and experience, whereas fluid intelligence is the capacity to think logically and solve problems, 
independent of acquired knowledge.  

Unlike mechanical performance (episodic memory / fluid intelligence), pragmatic abilities (semantic 
memory / crystallized intelligence) are not affected by increasing age, although there is some evidence of 
decline in the very old (Baltes et al., 1999, Craik, 1999). It appears to this author that until now most HCI 
ageing research involving cognition, has treated all cognition as a single entity, rather than taking into 
account cognitive psychological research, that for over a decade has shown that instead, there are at least two 
distinct types of cognition. Understanding the difference, and designing interfaces that compensate for 
mechanical losses, could advance HCI further, in this important area. 

5. NAVIGATIONAL AIDS TO FIND HOME COMPENSATE FOR 
ALZHEIMER’S RELATED LOSSES 

A recent biomedicine study further confirms the importance of navigational aids that provide seniors with 
contextual information. Hamlin, Windels, Sah and Coulon (2011) investigated previous work which had 
discovered that the loss of basal forebrain cholinergic neurons (BFCN) was a feature of Alzheimer’s disease.  
They “selectively ablated BFCN with saporin conjugated to a p75 antibody in c57Bl6 mice” and found that, 
like non-lesioned mice, lesioned mice did not lose gross motor skills. However, unlike mice not so lesioned, 
analysis of associative memory “revealed that lesioned mice showed comparative levels of freezing 
behaviours in both contextual, and classical conditioning paradigms” (Hamlin et al., 2011). Furthermore, 
“when lesioned mice were subjected to a passive place avoidance paradigm where they had to learn to avoid 
a spatial region (60° zone of an 800mm diameter open field, devoid of cues) that had been previously paired 
with a mild footshock (0.4mV) they performed poorly, unable to recall the spatial location of the shock zone” 
(Hamlin et al., 2011). They conclude that these trials with mice show that there was no decline in learning 
and memory, but instead, there was a decline in navigational ability, when there was an absence of spatial 
cues. In particular, the lesioned mice had difficulty going back to previous locations and notably, finding 
‘home’. 

One implication of such research, assuming that it translates to humans, is that HCI designers need to 
provide seniors not only with contextual information, particularly where new learnings are involved, but that 
they also need to provide all seniors, even when no new learning is involved, with easy ways to navigate 
backwards and particularly to ‘home’.  

6. CONCLUSION 

At its heart HCI is not a unitary discipline, but is a multidisciplinary field. This review has drawn on four 
non-HCI studies, to show that future HCI research that involves age-related issues of cognition, can benefit 
from a multidisciplinary understanding of cognition and seniors.  

The research reviewed here supports the view that increasing the social capital available to seniors, 
through technology, can compensate them for functional declines, particularly mechanical cognitive declines. 
Furthermore, in relation to mechanic cognition, new learning is difficult for some people over the age of 70 
and, for increasing numbers, the older they become. Finally, in relation to memory deficiencies that can 
increase with ageing, the provision of contextual information and particularly the ability to navigate 
backwards and to ‘home’, is an important design consideration, and one that warrants further research within 
the HCI community. 
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