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Abstract 

The topic of this thesis is how the decline of cognitive abilities and memory functioning in elder 

people can be assisted by external memory aids. This issue was approached through a 

combination of methods. 

The starting point was a literature review of two approaches to the study of memory – the 

traditional where memory functions are located in the brain and the situated where remembering 

transcends over external resources, and by a literature review on declining memory abilities in 

elderly people.  

An ethnographic study of everyday remembering in an older population, aged from 72 to 91, 

found many instances of the spontaneous use of the environment to support a declining memory 

ability, which in turn suggest that the traditional approach to memory research is of limited value 

when studying everyday memory abilities in older people. 

A study on existing memory aids, as well as memory aids currently under development in 

research laboratories showed that these technologies are primarily based on an explicit or implicit 

traditional view of memory that disregard several aspects of remembering in the natural world. It 

is therefore suggested that future development of memory aids could fruitfully benefit from a 

distributed and situated approach, where the individuals‘ current use of external memory aids are 

used as the starting point, with the goal of extending and amplifying methods and artefacts 

already spontaneously in use.  
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Though I look old, yet I am strong and lusty; 

For in my youth I never did apply 

Hot and rebellious liquors in my blood, 

Nor did not with unbashful forehead woo 

The means of weakness and debility; 

Therefore my age is as a lusty winter, 

Frosty, but kindly: let me go with you; 

-Adam, As You Like It, 2.3, William Shakespeare 

Introduction 
The demography in developing countries is rapidly changing for an older population. This change 

will exercise the system of healthcare and constrain the financial means for a sustainable care of 

individuals. A part of enduring the demographic change lean against the notion that the group of 

older adults are to live independently, that is being able to minister their own lives to a larger 

extent. Senescence is through society and science highly coupled with a decline of cognitive 

abilities, especially concerning memory abilities, therefore the notion of independence can be 

interpreted as a challenge. To sustain a quality of life for this group and assuring that elderly will 

keep a position in society a substantial lot of research and scientific inquiry is being allocated to 

the area of assistive technology for the older population. As much of the existing assistive 

technologies have been developed for an atypical population proficiency in the area is in its 

infancy. This thesis focuses on the normal decline of memory abilities as a consequence of aging 

and will relate the scientific knowledge of such decline to the subcategory of assistive technology 

known as external memory aids. As the demography changes it is vital to realize that the change 

will plausibly also increase the occurrence of atypical changes in the population: such as 

Alzheimer‘s disease. Assistive technology must therefore develop to assist a versatile population 

and it is crucial that we understand a baseline of such cognitive systems in the normal population 

to increase the likelihood of a conceivable assistance in the atypical population. The thesis will 

address what we know about memory processes in the normal population where humans interact 

and make use of the external world capriciously to assist them; this as any intervention of 

memory declines must likely be framed around the normal abilities of remembering. Aiding a 

declining ability to remember takes place in a society where memory has since Socrates 

condemnation of written scripts been regarded as the most sacred forms of cognitive abilities. A 

purest form of this romantification holds that without memory we are nothing; hence it is 

imperative to understand what memory is in order to understand the role of external memory 

aids in the lives of the older population. It is further important to foresee how a broader 

adoption of such assistive technologies should look like with necessary considerations; taking into 

account both an aspect of design and functionality that will eventuate in future needs of scientific 

inquiry.   

 



2 
 

 

Objectives 
Main objective of the thesis is to compare and review what scientific inquiry has established 

about the nature of memory decline in the older population with existing external memory aids. 

This to evaluate existing memory aids in the light of abilities of the older population and 

hypothesize a future for external memory aids as interventions for memory decline in the typical 

older population. 

This analysis will be grounded in two sides of memory research and theorizing of remembering. 

The first is the traditional view that sees memory as an internal structure of the brain. The second 

is the situated and distributed view which sees remembering as manifested, and something that 

should be modelled as distributed across humans and world.  

In relation to the main objective I will pose a couple of questions that may follow the reader 

throughout the thesis that will be discussed at the end of the thesis: 

What functional declines should external memory aids assist? 

What design recommendations of future memory aids can be deduced from the 

overview of established knowledge of elderly memory decline? 

What is the relation between the normal interaction with the external world in aid 

of remembering and the interaction and the means of external memory aids? 

What is the future of memory as an explanatory concept and pragmatic help in the 

area of external memory aids? 

How should memory be modelled and how does it relate to cognition in general? 

Disposition 
As memory aids are supposed to be in the aid of memory the first two chapters of the thesis will 

be an overview of what we know about memory: first, in short, what we know about the 

traditional view of memory as an internal system of the brain, because what we know about 

elderly memory has often been mentioned within the traditional notion of memory; second what 

we know about memory in the natural environment that can be attributed to an alternative 

history of memory research. The third chapter of the thesis addresses problems with memory due 

to aging. The fourth chapter is an empirical part, presenting examples from a conducted 

ethnography of elderly memory abilities and compensatory behaviour, this in light of previous 

presented literature. The fifth section deals with interventions of memory problems: first, shortly, 

in general and second external memory aids in specific. The sixth part gathers thoughts of the 

previously commented text into a couple discussion points. 
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The traditional view of memory 
Cognitive science has surfeited in studies of memory from a traditional point of view, that is, 

memory as an internal mental structure of the brain. Many concepts have emerged and even if 

the view of memory and its concepts has changed many concepts remain. This section will briefly 

summarize this, with a focus on the complicated use of existing memory concepts. 

Terms and problems with memory 
Memory can be viewed from a process perspective and an architectural perspective, but 

importantly, they can not be understood separately (Eysenck & Keane, 2010, p.205). Figure 1 

below is the current traditional architecture of long-term memory (Eysenck & Keane, 2010, 

p.254). These categories exist because there is some neurological and psychological evidence of 

them being separated.  

 

Figure 1: Architecture of long-term memory (Eysenck & Keane, 2010, p. 254) 

Memory and executive functions 
Executive functions are important when speaking about memory functioning and performance. 

Executive functions is a broad term involving mechanisms such as coordination, monitoring, 

selection, set-switching, attention control and inhibition control. All of these mechanisms are said 

to be important for being in control of the novelty aspects of the everyday life (Bouazzaoui, 

Isingrini, Angel, Vanneste, Clarys & Taconnet, 2010). Miyake, Friedman, Emerson, Witzki and 

Howerter (2000) suggest that executive functioning can be organized as three more or less 

separated functions: inhibition of prominent or prepotent responses, shifting between tasks or 

mental sets and updating and monitoring of working memory representations. Neurological 

findings suggest that there is some truth to these three functions but the fact that they positively 

correlate to each other suggests that a given task generally involve all three (Eysenck & Keane, 

2010). Eysenck & Keane (2010) note that a function not involved in these three is dual tasking. It 
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is also inconclusive if dual-tasking should be seen as a rapid form of shifting or a functional 

component on its own (Miyake, Friedman, Emerson, Witzki & Howerter, 2000). A difference 

between executive functioning and components of long-term memory is that the boxes of long-

term are content-specific while executive functions are modality-free, as they operate as superior 

of other cognitive structures. This means that a possible deficit may not be within a specific long-

term store but in the relation between executive functioning and long-term store, or just within 

the executive functioning. 

Declarative versus Non-declarative 
Uncertainties exist regarding the difference between declarative and non-declarative memory, 

specifically about its medium and format of representations, and even if there are representations 

at all (Sutton, Harris & Barnier, 2010). Even if they are categories to be investigated the question 

remains of how much explanatory power they have if seen as exclusively separated (Sutton, 

Harris & Barnier, 2010). By reviewing the literature on short-term memory Jonides, Lewis, Evan 

Nee, Lustig, Berman and Sledge Moore (2008) says that the investigation of critical brain areas 

that has concluded a distinction of a short and a long term memory system has partly 

misattributed the role of such areas. The medial temporal lobe that classically has been associated 

with long term declarative memory and retrieval appears to operate as a binding function 

between item and context regardless of the time frame. When remembering occurs in the short 

term bindings are generally not required. Research has shown that people with amnesia also have 

problems with novel relations on a short time frame and that the medial temporal lobe is 

activated when binding is required in short term tasks (Jonides et al., 2008). 

Reder, Park & Kieffaber (2009) also argue that the reason why some people have problems with 

declarative memory is because they have problems with binding information. The main objection 

by Reder et al. (2009) is the idea that memory systems can be divided between conscious and 

unconscious activities. Reder et al. (2009, p.26) propose a more associative memory structure 

where two types of processes operate: “(a) the strengthening of existing structures and associations and (b) 

the establishment of new structures that bind or associate preexisting structures to each other or to context.― This 

implicates that explicit and implicit tasks work on the same representations. They also argue that 

for a retrieval to have a great effect, contextual factors are important and that cues should have as 

little contextual fan as possible to support performance. When deciding whether a picture was 

seen this day or yesterday amnesic patients can generally perform in declarative memory tasks if 

no binding is required: they can tell if they have seen the picture but they cannot bind and tell on 

which day (Huppert and Piercy, 1976 as described by Eysenck & Keane, 2010). 

Regarding the distinctions within the presumed nondeclarative memory system major findings 

suggest amnesic patient most of the time has intact priming and procedural learning and memory 

(Eysenck & Keane, 2010). These types of memory are often intact in cases where memory is 

regarded as deficit (Eysenck & Keane, 2010). 

Episodic versus Semantic 
Roediger III and Crowder (1976) surveyed the distinction between episodic and semantic 

memory and proposed that they obey the same empirical laws. But neurological evidence 

suggests that semantic and episodic memories are separated but nevertheless are interrelated and 

often share neurological regions in specific tasks (Eysenck & Keane, 2010). 
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Prospective versus Retrospective 
As the classical study of memory has focused on retrospective memory prospective memory has 

in comparison been neglected. Memory has historically been a matter of the past. But this has 

changed and some even suggest that prospective memory shares commonalities with 

retrospective abilities, not because of retrospective features of prospective memory but because 

of the constructive nature of retrospective abilities, as suggested by Bartlett (1932). Schacter and 

Addis (2007) hypothesize that the constructive side of episodic memory is because it shares its 

mechanisms with the function of imagining the future. Simulation that uses information about 

the past and manipulates such information is a necessary human adaption for predicting the 

future. Some studies on amnesic individuals confirm that it is some overlap between problems of 

remembering and imaginative skills. For example, Hassabis, Kumaran, Vann, Maguire (2007) 

investigated imaginative skills in amnesic patients with bilateral hippocampus lesions. Patients and 

a control group were given cues like ―Imagine you are laying on a white sandy beach in a beautiful tropical 

area‖. The main difference of the two group were that the amnesic group provided with 

fragments of a scene, and when asked if they did really see it in mind they could answer: ―No, the 

only thing I can see is blue […] Really all I can see is the colour of the blue sky and the white sand, the sounds 

and things, obviously I am just hearing.‖ The fragments were free-floating and discrete in their nature. 

Hassabis et al. (2007) says that a possible source of the deficit is that the patients missed the skill 

of setting the imaginative fragments in a spatial context as the fragments described lacked a 

spatial coherence. Despite the important role of the hippocampus, imagining the future involves 

activation in some other brain regions, for example the right frontopolar region that previously 

has been associated with prospective memory (Schacter & Addis, 2007). Neural correlations 

between future and past are most prominent when subjects are asked to generate details about 

the imagined and experienced event (Addis, Wond & Schacter, 2007). Further it is seldom that a 

task of prospective memory lacks retrospective content. But a difference is that retrospective 

memory intuitively is richer in information and involves more external cues (Eysenck & Keane, 

2010). Prospective memory can be divided between time-based and event-based prospective 

memory. The first involve remembering to do something at a specific time and the second 

involve doing something at the appropriate circumstance (Eysenck & Keane, 2010, p.316). This 

will be an issue when considering older adults in a forthcoming chapter. 

Memory processes and consequences for laws 
The classical framework for memory processes has three stages: encoding, storing and retrieval. 

But memory is also constructive and socially elaborated by motivations, goals and expectations 

and not simply clarified by three crude stages (Sutton, Harris & Barnier, 2010, p.7). But stages 

serve experimental benefits. It is possible to divide the stage of retrieval between free recall and 

recognition. The difference between free recall and recognition can also be seen neurologically. 

Free recall activates same regions as item recognition but more intensely, and further during 

encoding activates some additional areas such as the dorsolateral prefrontal cortex and the 

posterior parietal cortex that are commonly associated with working memory practices and 

executive functions (Staresina & Davachi, 2006). But this also shows that free recall and 

recognition share related areas, and likely some mechanisms.  

Conway and Plydell-Pearce‘s (2000) model of the working self is an important contribution to the 

science of autobiographical memory. The model focuses on the individual‘s current goals and 
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how they are related to what we remember. Remembering depends on a goal structure that in 

turn is influenced by a knowledge base. An important point of Conway and Plydell-Pearce (2000) 

is that coherence is more important than correspondence, which means that accuracy is not a 

necessity just as long as the memory coheres with the current goals of the self. This relates to the 

idea that memory abilities is not separable from the incentives and motivations of everyday 

human life. Neisser (1996) argues that remembering is a purposeful action that is influenced by 

the personality, individual characteristics and situational demands. In line with Conway and 

Plydell-Pearce (2000) he also believes that correspondence is a misleading metaphor for memory 

functioning. Correspondence may at some occasions be a goal of remembering, but it is not how 

it works (Neisser, 1996). 

In general four factors have been considered important in the study of human memory 

processes: events, participants (subjects), encoding and retrieval (Eysenck & Keane, 2010). These 

four factors are also known as Jenkins‘ tetrahedral model of memory experiments (Roediger III, 

2008). Explanations of performance on memory tasks can be found within and in between these 

factors. Eysenck and Keane (2010) says: ―The crucial message of the above approach is that memory 

findings are context-sensitive – they depend on interactions among the four factors. In other words, the effects of 

manipulating, say, what happens at encoding depend on the participants used, the events to be remembered, and on 

the conditions of retrieval. As a result, we should not expect to find many (if any) laws of memory that holds under 

all circumstances‖ (p.204). Further Eysenck and Keane (2010, p.285) says that we still know very 

little about the structure and functioning of memory networks in the brain. For me the second 

idea is sound but it is not compatible with the first. If we do not know the structure of memory 

we cannot presume that there are no general laws. It is possible that we will not find any internal 

laws of memory if memory is a phenomenon, a construct without substance in the brain. 

Eysenck and Keane (2010) think that the way to solve this is to investigate the underlying 

processes of memory. But still, if there are no laws of memory there are no underlying processes. 

If there are underlying processes that has laws then memory has laws. It is plausible to believe 

that there are processes in the brain that contribute to the ability to remember. The purpose of 

neuroscience is to search for the underlying structure and process of anything that involves the 

brain. But one must ask if we should speak of memory if we do not believe in general laws of 

memory that holds under various circumstances. A possibility is that memory processes is simply 

too bound with circumstances; that they inseparable with the circumstances. Therefore it could 

be argued that we should categorize circumstance rather than kinds of memories. 

Other has also noted the decline of the usage of laws in the science of memory (see Roediger III, 

2008 for a review). Jenkins model is general; it is general because it does not explicitly include 

factors such as culture, species or type of experimental design (Roediger III, 2008). But despite, 

Roediger III (2008, p.247) is more positive: ―should we be discouraged that laws of memory do not seem to 

exist? I would argue that the answer is no, and that we should be all the more impressed by our science because of 

its inherent complexity‖. I concur. 

Aspects of memory 
We now turn to some aspects of memory that earlier research has found that is relevant for 

forthcoming sections in this thesis. 
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Levels of processing 
Craik & Lockhart (1972) suggested a determinant for successful remembering. The determinant 

would be the level of processing (LoP), that is to what extent meaning is attributed to the memory 

trace. Craik and Lockhart (1972) meant that just as a word trigger associations any type of stimuli 

(sound, sight, smell etc.) trigger a chain of analysis through levels: from sensory to semantic 

stages. Importantly these stages are a continuum and not box-like. LoP draws attention to the 

interconnectivity of remembering with attention and perception. LoP in its original form is more 

attributable to explicit, as compared to implicit, memory functioning. Critique of the LoP is that 

it is a simplification: processing of information should not be seen as linear and the environment 

for retrieval is underestimated as the theory focuses on encoding (Eysenck & Keane, 2010). But 

Craik and Lockhart (1972) argue that their article should not be seen as a theory of memory, 

rather a conceptual framework, this as they have made no attempt of grouping together memory 

concepts in an organized manner. 

Reder et al. (2009) argues that although LoP affects performance on explicit task it also do so but 

in less degree on implicit tasks: ―the degree of priming/strengthening of the concept node‖. As said the 

dissociation between implicit and explicit noted in the literature is not as solid as it first appeared. 

Some factors of implicit memory are affected, like for instance modality-specific priming, this 

while cross-modality priming is not affected (Reder, Park & Kieffaber, 2009). Reder et al. (2009) 

argue that the problem is the one, once again, of binding a concept node with an episode node, 

and conclusively, forming new associations. Such process is in need of both a hippocampus and 

working memory where the decline of the latter (but also to a less degree the former) is 

associated with the aging problem of binding (see forthcoming chapter). Because older adults 

have a more elaborated concept-to-episode network the likelihood for interference increases; 

their contextual fan (concepts relation to contexts) is more sensuous and specific nodes are less 

likely to receive exclusive attention of the network (Reder et al., 2009). Nevertheless, that depth 

of encoding is important for what content memory traces still holds (Craik & Lockhart, 1972; 

Reder et al., 2009). 

Contextual factors 
Tulving‘s (1979) encoding specificity principle says that retrieval is best when information match what 

has been encoded. Contextual overlap of the encoding and retrieval phase facilitates 

remembering because it facilitates compatibility between the trace and the cue. This shares the 

same principle as what Reder et al. (2009) described as the contextual fan. 

Meacham and Leiman (1982) confirmed by an experiment that an external retrieval cue could 

facilitate episodic prospective remembering. It can be argued that event-based memory is easier 

because we are more likely to be triggered by external cues in our everyday life. Prospective 

memory in general has the tendency of being better in naturalistic settings as compared to 

laboratory settings (Eysenck & Keane, 2010). Many argue that this most likely due to the factor 

of motivation (but as I see it, it could also be because of the external environment itself). In an 

experiment conducted by Meacham and Singer (1977) students were given financial incentives for 

remembering to send postcards at specific dates to the experimenter. Those who were given 

incentives performed significantly better, and even those who were given the possibility of 

receiving financial incentives through a lottery performed better. Those who were given 
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incentives were also more likely to spontaneously use external retrieval cues. The trend, albeit not 

significant, was that the use of external cues was more successful than internal strategies. 

Meacham and Singer (1977) conclude that prospective memory is as much a motivational 

problem as a cognitive. 

The inconsistency effect of memory predicts that remembering is improved when confronted 

with attributes that are inconsistent with expectations (Friedman, 1979). Likewise frame theories 

suggest that when confronted with a frame of expectations humans will not recognize changes 

that are within the frame of expectation. From this point of view Friedman (1979, p.319) define 

context as something that include: ―any information whatsoever which is not inherent in the stimulus event 

per se, including both structural invariant in the optic array and relatively invariant memorial structures such as 

frames.‖ This means that context is not simply an external feature. This also predicts that more 

unexpected events require more resources of control. In the experiment by Friedman (1979) 

participants looked twice as long on objects in pictures that were unexpected. Friedman (1979) 

deduces that the situation requires both bottom-up and top-down processes and importantly 

note that a reaction according to internal structures, its automacity of doing so is a matter of 

degree. We do not perform exclusively automatically or deliberately/interactive. 

Within the idea of contextual dependencies a commonly used word is cue. Dismukes and 

Nowinski (2006) define cues as: ―A specific physical stimulus or combination of stimuli in the external 

environment (I remember to take the cookies out of the oven when I hear the timer go off), or an internal event such 

as a thought or a state (I remember to go grocery shopping when I think about a recent meal or when I feel hungry). 

A cue is effective if it has strong association to the intention and is presented ―within the window of 

opportunity‖ for performing the intention (Dismukes & Nowinski, 2006)  

Dismukes and Nowinski (2006) have a somewhat similar view that Einstein & McDaniel (2005) 

have. They believe that performance on prospective memory and the attendance to cues depend 

on whether the ongoing task directs attention to cues. For pilots Dismukes and Nowinski (2005, 

p.24-25) suggest four ways of improving performance on prospective memory tasks: “Deliberately 

encoding information about environmental cues that may be encountered during the window of opportunity for 

executing deferred intentions, (2) by creating salient cues they will be likely to encounter at the appropriate time, (3) 

by making and consulting lists of deferred intentions, and (4) by periodically pausing to search memory for deferred 

intentions.” Even though adapted for pilots they are likely applicable for many types of users. 

Failure in performing intended actions in everyday life can be contrasted with failures in complex 

working practices (Einstein & McDaniel, 2005; Dismukes & Nowinski, 2006). 

Sins of memory 
The idea of memory is often cited as if humans should have perfect memory-ability. As a 

contrast, with the basis from both psychology and neuroscience, Schacter (1999, p.183) cites 

seven sins of memory:  

Transience: ―decreased accessibility of information over time‖.  

Absentmindedness: ―inattentive or shallow processing that contributes to weak 

memories of ongoing events or forgetting to do things in the future‖.  

Blocking: ―temporary inaccessibility of information that is stored in memory‖.  

Misattribution: ―attributing a recollection of idea to the wrong source‖.  
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Suggestibility: ―memories that are implanted as a result of leading questions or 

comments‖.   

Bias: ―unconscious influences that are related to current knowledge and beliefs.‖ 

Persistence: ―information of events that we cannot forget‖. 

 

The joint argument across the seven sins is that they all are an adaptive bi-product in terms of 

evolution. For example, forgetting over time is because the environment we have lived in has 

ordained reminiscence of more recent information. Ignorance of information can be beneficial; 

this as attending to everything is an energy-consuming process. Attending to, and remembering 

everything has its downside as it inhibits the skill of more abstract elaborative thinking. 

Misattribution can be highly negative in the instant, but remembering every contextual 

information about an instant would likely be as ineffective as remembering everything. 

Remembering specific information allocates fewer resources for more gist-like thinking (Schacter, 

1999). 

 

In the case of this study it should thusly be noticed that the environment has changed lately. 

Together with the fact that the population gets older the environment has changed for a more 

cognitive demanding environment. Even though the average human cope with the increased 

demands of a larger society it is not without its downsides. I believe the sins of memory are likely 

to be more enounced in a larger scale society. A recent provocative study showed a strong 

correlation between deficient stress coping strategies through the amygdala and number of years 

spent in a large city (Lederbogen et al., 2011). Even though future studies should reveal the 

complexity of this relationship the correlation was so strong that authors carefully spoke about a 

cause and effect relation. Remembering specifics are incredibly unimportant but being in control 

of your everyday life is incredibly important, for everyone. 

Concluding 
The traditional concepts of memory structures are under constant examination, and while old 

concepts lose their power, other concepts emerge. Executive functions have started to explain 

many of the problems earlier explained by pure memory deficits and have begun to dismantle a 

concept such as attention. Binding of information is nowadays more important and a better 

explanation than the classic dichotomy of explicit and implicit. Consciousness is a misinformed 

concept and even though we have a consciousness its relation to cognition is challenged. 

Regarding the classic implicit side of long-term memory abilities such as priming and procedural 

memory are often intact, even among those with an outspoken memory deficit.  

Further attention has been brought to context; and terms such as a contextual fan relates to the 

internal and external world at the same time. Memory is constructive and shares several structures 

and processes with those of imagination and planning for the future. Memory is thusly both 

bottom-up and a top-down process where we neither perform exclusively automatically nor 

exclusively deliberately. Contextual cues can be modelled as within or beside the window of 

opportunity. Remembering is also constructive in the sense that coherence is more important 

than correspondence, this as personal incentives are important in the everyday life. This relates to 

LoP where the level of meaning of a memory trace is important for remembering.   
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Finally, the normal functioning of memory is far from perfect. Human memory has evolved as 

means of being in control of the social and physical environment it resides in. It appears that a 

more naturalistic view on memory started to root in the traditional view. The next section deals 

with this – a more natural view of memory functioning.   
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An alternative history of memory 
Ulric Neisser (1982, p.12) wrote that ―memory in general does not exist […] it is a concept left over from the 

medieval psychology that portioned the mind into independent faculties‖. Neisser‘s rigorous critique of 

existing memory research was mostly justified. He wanted a more naturalistic model of memory 

where – if we are to consult the quote – memory is not necessarily within the explanatory core of 

the model. A major contributor to the skill of remembering in the natural environment is the 

environment itself. Later I will turn to the distributed view of memory and cognition that says 

that memory is a faculty that spread across internal structures in the brain and structures in the 

external world, but first I will focus on literature that has explicitly divided the source of 

remembering between internal and external structures, and therefore marking a barrier between 

what is in the brain and what is not: 

―Some aids involve reliance on memory internal to oneself, such as mental 

rehearsing, alphabetic searching, mental retracing, the method of loci, and 

other mnemonic systems (internal aids). Other aids, which are rarely 

studied, involve the use of tangible, physical aids external to the person, 

such as making lists, writing on a calendar, and putting an item in a special 

place (external aids).‖ (Intons-Peterson & Fournier, 1986, p.267) 

Experimental psychologists have focused mostly on internal memory aids and have paid less 

attention to external aids (Harris, 1978; Intons-Peterson & Fournier, 1986). While external aids 

have been attributed to the daily lives of people, internal memory aids has classically mostly been 

studied through laboratory studies. Notwithstanding that internal memory aids have been studied 

in larger extent definitional problems still exists. Internal aids are for instance not usually referred 

to as aids or mnemonics – instead they are referred to as normal memory operations. To what 

extent ―normal‖ processes should count as memory aids is not clear (Intons-Peterson & 

Fournier, 1986).  

Intons-Peterson and Fournier (1986, p.268) provide with a list of different memory aids 

categorized between internal, external and in combination: 

Internal 

Alphabetic searching: Going through the alphabet one letter at a time to see if it sparks a memory. 

Face-name association: Identifying a person's distinctive feature(s) and connecting the person's name 

with the feature(s). 

Mental rehearsing: Mentally repeating to yourself what you want to remember. 

Mental retracing: Thinking about something that happened before, or that may happen, step by 

step, in an attempt to remember something. 

Method of loci: Sometimes called the "mental walk technique" Using an orderly arrangement of 

locations that you mentally associate with the items you want to remember. Then, when you try 
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to remember, you "mentally walk" around the locations, remembering each item you "put" in the 

location. 

No memory aid: Expecting memory to ―pop up‖ when needed. 

Peg-wordsystem: Learning a series of number-word associations and then forming a vivid image of 

what you want to remember along with the number-word associations. For example, using the 

"one is a bun, two is a shoe, three is a tree.. ?' technique, you might imagine the first item you 

want to remember, say a book, as sandwiched inside a gigantic hamburger bun. 

Rhymes: Using rhymes about what you want to remember (like using the rhyme, "Thirty days hath 

September... "' to remember the number of days in the months). 

Story method: Linking items or memories together by telling a story about them, or by making 

sentences about them. 

Tie to other life events: Remembering by associating with another life event (such as "right after 

lunch" or "just before a history class"). 

 

External 

Asking someone else to remind you: Asking someone else to help you remember or asking if she or he 

remembers. 

Calendar notes: Writing down on a calendar, address book, etc., what you want to remember. 

Photographs: Using pictures to remind you of something. 

Putting something in a special place: Putting what you need to remember in a place where you will be 

sure to see it. 

Reminder notes: Writing down what you want to remember on a paper that you can take with you. 

Timer: Using a mechanical, electrical or other timing device. 

Writing on hand: Writing what you want to remember on your hand. 

 

Combination 

Saying out loud: Saying something out loud as a way to remember (for example, by telling another 

person or asking someone to repeat what you have said). 

Trial technique: Trying to write out or imagine part of the information to see if it sparks a memory. 

Note that there are few aids that are a combination of internal and external resources. Intons-

Peterson and Fournier (1986, p.267) says: ―The characteristics of both internal and external aids might be 

combined, as when one tries to bolster internal memory retrieval by the external feedback of voice (saying out loud) 
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or by writing (trial technique).” This is not necessarily a solid distinction because it could be argued 

that some apparent external aids can be more internalized depending on the structure of the 

external environment. An issue I will return to.   

People in general claim that they use external memory aids more than internal (Intons-Peterson 

& Fournier, 1986). But this does not necessarily imply that external aids are more common in 

comparison with internal, it could also mean that subjects are just more likely to be aware of their 

use of external aids, or/and the use of internal memory aids is obscured in the use of other 

mental processes. There could in fact be several cases were the subject is unaware of their use of 

both external and internal aids.  

Intons-Peterson and Fournier (1986, p.267-268) reflected on possible situations where external 

and internal memory aids respectively could be used: 

External: 

 ―1. Situations in which memory must override the potentially interfering 

events that often separate learning and recall, for example, remembering to 

buy groceries after work. The use of external aids should be particularly 

important when we must attend to the intervening activity. 2. Situations 

with a long temporal interval separating learning and recall, as when we 

make an appointment for 2 months in the future. Calendar notes seem 

appropriate in this context. 3. When there is a high premium on highly 

accurate, perhaps verbatim remembering or when internal aids are not 

trusted to yield memorial accuracy, for example, using a timer as a reminder 

to remove a cake from an oven. 4. When the to-be-remembered 

information is difficult, does not cohere readily, and so forth, and external 

aids are needed to preserve important aspects. Lecture notes could be 

examples. 5. When there is limited time available for encoding, rehearsal, 

and using mnemonic techniques. Putting an item in a special place might be 

used when one does not have time to develop a mnemonic system. 6. 

When memory load is to be avoided. This situation might occur when full 

attention must be allocated to other activities, and one does not wish to risk 

possible practice interference from to-be-remembered information that is 

being held in memory.‖ 

 

Internal:  

―1. When one does not want to rely on external prompts. Reciting a role in 

a play is a good illustration. 2. When external prompts are difficult to 

prepare (as when paper and pencil are not available) or are hard to use. For 

example, when one attends an informal lecture without writing paper and 

has to rely on internal memory aids, such as rehearsal. 3. When the request 

for recall is unanticipated and no external aids were prepared at the time of 

learning. Alphabetizing, retracing, trying to relate to-be-remembered items 

to life's events all might be used in this situation. 4. When the preparation 

of external prompts might interfere with comprehension. For example, 

taking notes during a complicated lecture may interfere with understanding 

the material. 5. When external aids would be undesirable or inconvenient. 

Carrying multiple lists, timers, large numbers of photographs, and so forth, 
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could be nuisances. 6. When the interval between learning and recall is so 

short that external aids are not assumed to be needed, as when one needs to 

remember a telephone number only long enough to dial it. Simple rehearsal 

may suffice.‖ 

As noticed by the authors these thoughts suggest that external memory aids are more likely to be 

used when the subjects have been prepared for retrieval; the use of external aids would be a more 

consciously allocated effort. For instance, a task that has become increasingly more complex over 

the years is grocery shopping. In 1997 it took the average person about 21 minutes to shop 

approximately 18 items out of a choice of 30000 to 40000 items; and the time allocated for 

shopping were still decreasing compared to previous years (Block & Mowitz, 1999). Therefore 

the use of a shopping list has become more common. Block and Monwitz (1999) found that 

external aids, given that the item is purchased, are more likely when there are financial or need-

based incentives, and also when the consumer lacks a schema or script of that particular 

behaviour. 

Intons and Peterson (1986) found that external aids are more commonly used for future and 

spatial memories compared to past and verbal memories. It should be noticed that their study 

was done on healthy college students. They concluded that the role of memory aids in memory is 

a challenging problem because if people actually use external memory aids as generally as their 

study implies they need to be included in models of memory. Memory aids play a major role in 

our daily lives. The commercial side of external memory aids has adjusted to be more focused on 

prospective remembering (Cary and Carlson 1999). 

Tobias (2009) includes external aids in his social psychological model for habitual change. Based 

on a field study he argues that the road between habits and actual behaviour is to be found in the 

remembering of habitual behaviour: ―Changing habitual behaviour is a problem of memory” (Tobias, 2009, 

p.408). This leads to the science of prospective memory, and as Intons and Peterson (1986) 

found, external memory aids are more common in circumstances of prospective remembering. 

The model by Tobias (2009) shows that retrospective memory contents and intended behaviours 

are forgotten at the same speed; but because it depend on factors such as personal importance, 

accessibilities of intentions, situational cues, external and internal memory aids, intended 

behaviour is more often recalled. The article by Tobias (2009) also mentions methodological 

considerations and highlights that in real-world settings behaviour is dependent on various 

situations; and also, that the reminder of behaviour can be located with different distances from 

the subject, where the distance therefore affects the efficiency of the reminder. The study also 

found that the effect of the reminder decreased with time but the decrease of reminder efficiency 

is slower than the increase of habit strength: ―(a) The extent to which a memory aid is a reminder for 

behaviour performance depends on the distance from the reminder at which the behaviour is performed (expressible 

at an abstract level using a logistic function of behaviour frequency), (b) the effect of a reminder depends on its 

quality and on (c) the commitment to perform the behaviour, and (d) the effect of a reminder decays over time‖ 

(Tobias, 2009, p.416). Tobias (2009) identifies the importance of situational cues and external 

memory aids for remembering and he also highlighted that not much research has focused on 

“the process that led to the differences in the prospective memory performance” (Tobias, 2009, p.409). In the 

model by Tobias (2009) memory is not treated as a separate ability, instead internal and external 

memory abilities become integrated with the skill of habitual change. 
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Coming back to where we started - the study of memory as a real-world phenomenon has 

through Neisser until today turned into an important research tradition (Sutton, 2006). But even 

today it is argued to what extent in the everyday perimeter we should seek the process of 

remembering. Sutton (2006) calls for an idea of memory as a process that possibly is distributed 

across a world, brain and body and that pay more attention to factors like, in broad terms, 

individual differences. Through a cognitive integrationists perspective it would be argued that the 

process of remembering lies both in the biological brain and in the use of the external world as a 

hybrid process (Menary, 2006). McIlwain (2006) speaks about the issue of individual differences 

on a personal level where affective attributes affect the way we experience and thusly remember. 

Further McIlwain (2006) argue for the collective role and how the individual is embedded in a 

culture that shapes individual differences. Campbell (2006) mentions how we actively reshape our 

environment and use objects to extend our mind. The keeping of objects may serve a purpose 

even when the initial purpose of the object has faded; it may still serve a purpose of reminding 

and could actually be experienced as a functional part of you: ―I don‟t really need it anymore. But I 

would be very sorry to lose it. It is part of who I am now.‘‘ (Campbell, 2006, p.364). 

Viewing cognition and remembering as distributed is imperative, as simple dichotomies risk 

clouding what happens when someone using external means. Next section addresses the 

distributed view of memory and precedes a section on compensatory behaviour with roots in 

evolutionary studies and the Russian tradition of functional adaption. 

A distributed and situated memory 
The idea that memory is distributed and situated means that the process of remembering spread 

across internal and external resources. Memory as situated is a conceptual challenge because as 

Sutton (2009) writes ―memory often takes us out of the current situation‖. Memory as a cross-disciplinary 

research area between areas such as cognitive psychology, developmental psychology, the social 

sciences and social philosophy and distributed cognition has undermined the classical feature of 

memory and cognition as internal and logical and nowadays explanations can be located across 

neural, cognitive, bodily, affective, technological and institutional contexts (Sutton, 2009; Sutton, 

Harris & Barnier, 2010). Despite this acknowledgement the occurrence of cross-disciplinary 

research is much rarer than the urge for its occurrence and a solution is not found by simply 

stating that a cross of disciplines is necessary, because the view of memory as phenomenon is not 

even necessarily unified within the disciplines (Sutton, Harris & Barnier, 2010).  

Through a connectionist perspective remembering does not achieve equilibrium through a 

permanent storage container but through reconstruction over time. Through this it could be 

argued that remembering needs temporary couplings between biological and external sources to 

maintain its equilibrium (Sutton, 2009). If the inside is naturally integrative the outside is likely to 

be integrated. But the relation is not constant, ―systems of exograms are not necessarily meant to be 

permanent or limitlessly transmissible, or turn out to be less stable in practice than in intention‖ (Sutton, 2009, 

p.228). This is not something new; Bartlett tried to suggest this as early as 1932: 

“A storehouse is a place where things are put in the hope that they may be found again when they are wanted 

exactly as they were when first stored away. The schemata are, we are told, living, constantly developing, affected by 

every bit of incoming sensational experience of a given kind. The storehouse notion is as far removed from this as it 

well could be.” (Bartlett, 1932, p.200) 
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“Though we may still talk of traces, there is no reason in the world for regarding these as made complete at one 

moment, stored up somewhere, and then re-excited at some much later moment. The traces that our evidence allows 

us to speak of are interest-determined, interest-carried traces. They live with our interests and with them they 

change.” (Bartlett, 1932, p.211-212) 

To tackle this systemic unstableness a taxonomy of properties that help or hinder performance is 

necessary (Clark, 2002, as cited by Sutton 2009). In the case of expert performance (in music, 

dance, sport, cooking, driving et cetera) classical psychological explanations has postulated motor 

programs; and such expert performance can be attributed to a specific domain that has been 

practiced upon (Sutton, Harris & Barnier, 2010). It could be argued that the home environment 

also is a domain that has been practiced upon by individuals living there, but not by those that do 

not live there. When trying to locate – at my parents house – the coffee filter and the coffee that 

are spatially unrelated, firstly to each other and secondly to the location of the percolator. My 

parents refuse to change it even though my mother admitted that the location of them were 

indeed odd. Everyone is the expert of their own environment, or at least, I am not the expert of 

my parent‘s environment.  

Sutton (2009) argues that a situated approach to remembering can better progress if it includes 

constructive processes in remembering in the everyday life, were the influences on memory is not 

narrowed to a specific type of influence. This does not diminish the important role of the brain in 

remembering. Neuropsychological findings may indeed contribute to explain the mechanism 

behind the coupled system of the internal and the external (Sutton, Harris & Barnier, 2010). 

Throughout the next four sections I will dedicate some space to four aspects of a distributed 

memory: a philosophical foundation, a physically distributed memory, a socially distributed 

memory and an embodied memory. Even though they are separate they must nestle each other 

both in content and future scientific inquiry.  

A philosophical foundation 
Merleau-Ponty (2004, originally published 1948) blurs the picture of humans and its external 

world and point out that humans are transcendental, that is, they give meaning to things. How 

things appear is the essence of understanding perception of the world; it is therefore an 

important difference between defining an object and defining how objects appear. Merleau-Ponty 

(2004, p.51) goes further and says that ―we can no longer draw an absolute distinction between space and the 

things which occupy it, nor indeed between the pure idea of space and the concrete spectacle it presents to our senses.‖ 

What things are and what role objects play for our mental world cannot be defined by defining 

the objects in terms of objects but must be defined in terms of the psychological lot it holds. For 

Merleau-Ponty psychology – in 1948 – moved towards and embodied intellect. The mind with a 

body is ―a being who can only get to the truth of things because its body is, as it were, embedded in those things.‖ 

(p.67). The relation between humans and objects ―is less clear-cut: vertiginous proximity prevents us both 

from apprehending ourselves as a pure intellect separate from things and from defining things as pure objects lacking 

in all human attributes.‖ (p. 66). Except from the fact that humans are embodied and in a relation 

with the external world this passage also note that this relation is not constant. 

Donald (1991, p.309) define external memory as ―the exact external analog of internal, or biological 

memory, namely, a storage and retrieval system that allows humans to accumulate experience and knowledge‖ and 

further introduces and define exograms as an external record of an idea. Exograms are opposed 
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to engrams, internal memory traces, as coined by Lashley (1950). Interestingly Lashley (1950) 

concluded that engrams could not be located in the brain as they were distributed in the brain. 

Unique characteristics of exograms are that they are unlimited when it comes to format, capacity 

and endurance. Donald (1991) says that because humans have the ability of reading, writing and 

visuographic skills they have in their possession an external memory system, as a product of 

evolution. He further argues that because humans have in their possession skills of externalizing 

memory the structure of memory change. The locus of memory shifts depending on flows of 

information, access and priorities where the brain just carries the code and not necessarily 

specific information (Donald, 1991). The fact that the brain carries a code is once again an 

argument that the brain cannot be overlooked. What code is there and how is that related to the 

world? 

One important feature of Donald‘s (1991) reasoning is that he assume a common external symbolic 

storage network (ESS) that is spawned from the cultural pressure of holding information. He also 

assumes that biological memory systems (monads) interact with the ESS, but do so from 

different vantage points, nodes of entry. ESS and its relation to monads is not stable, it is likely to 

change in its pattern and also in how monads interact with the ESS. Brains are adapted to find 

the entry points to the ESS through the skills of flags and pointers. Donald (1991, p.356) bear in 

his conclusion the paradox that as the ESS grew larger the individuation of the human also grew; 

the number of entry points to the ESS grew: ―The number of possible temporary configurations between 

monads and the ESS has increased, and the individual experiences a feeling of greater choice. But the role of the 

individual mind is changing, not in trivial ways but in its essence. And these changes need watching.‖ (p.360). 

The ESS is a framework where external memory has been modelled with the internal classic view 

of memory. But his framework highly focuses on culturally deliberate practices. Although the 

cultural aspect is highly important it also about the individual mind, as Merleau-Ponty note. 

Further, if Donald‘s point – that the structure of memory change by the use of ESS – is correct it 

would predict that what is easy to use in terms of cognitive functioning is a matter of 

intergenerational issues. As the ESS changes, what one generation knows by heart is not similar 

to the next; but likewise it could be argued that some skills are more fundamentally human than 

others. I would not regard me typing this text on my computer a fundamental human skill, even 

though some sub-aspects of the skill are. 

For Leonard in the movie ―Memento‖ anything could be a trace; other people, objects, skin and 

also inner states that he had to enquire (Sutton, 2009:2). When it worked, in this thought-

experiment, he was able to remember through his transparent use of his environment (Sutton, 

2009:2). When Leonard‘s system worked transparently the accessing of information was in one 

step. Leonard did not need to think before consulting his external environment. Leonard was 

able to develop skills of recognizing other people by deliberate perception and knowing what to 

do in certain situation by encoding information on external spots. In real-world cases such as the 

now famous case of H.M. the real-world context offered other ways to feel the world without 

explicit memory. Over time H.M. learned the detailed layout of a house (as described by Sutton, 

2009:2). This was an anomaly because spatial memories were thought of as requiring explicit 

memory. A possible explanation of this was the emotional significance of different rooms 

(Sutton, 2009:2). People with anterograde amnesia are known for being able to keep track of the 

concept of time, Leonard ―knows‖ how time works.  
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As the dramaturgical rhetoric unfolds in ―Memento‖ we learn that Leonard has been lead astray 

by his own external memory system (Levine, 2009). Levine (2009) discusses Leonard‘s failure 

from three approaches: qualitative-difference, mere-quantitative-difference and the architectural 

approach. The qualitative-difference approach claims that nothing external is similar to the 

internal. The function of for example writing something on a shopping-list does not function as a 

memory, it functions as something that prompts a memory. If you are disabled as Leonard the 

note does not prompt a memory experience. For a normal person that remembers it could be 

argued according to the qualitative approach that the information is ―preserved‖ by memory but 

Leonard on the other hand must rely on perception and interpretation (Levine, 2009). Levine 

(2009, p.51) argues against this clear distinction in the case of Leonard: ―the added epistemic risk that 

attends the need to perceive and interpret what would otherwise have been remembered seems marginal‖. Even if 

there is a difference between remembering and perceiving the failure of Leonard cannot be 

explained by this difference (Levine, 2009). 

The mere-quantitative approach on the other hand says that the problem is that Leonard 

cannot write or speak fast enough into the tape-recorder to keep up with his experiences. The 

historian is up against too much data (Levine, 2009); according to Levine (2009) this view suits 

the extended mind hypothesis (Clark & Chalmers, 1998). Clark and Chalmers (1998) suggested 

that cognition extends into the world and that an external memory device could in functional 

terms be equivalent to an internal representation. But Levine (2009) further says that even if 

Leonard lacks available information, quantitatively, more effort must be allocated of explaining 

what ―available‖ means. 

Levine (2009) argues for the architectural approach which is a merge of first two approaches. 

To make his point he stretch the thought experiment by sketching the situation of Leonard and 

Leonard*. Leonard* remembers as a normal person. Leonard is Leonard as in the film with the 

only difference that this Leonard manages to write everything down and therefore manages to 

diminish the quantitative difference. In a situation Leonard and Leonard* face the situation of 

deciding whether to believe and trust Natalie (another character in the film). Leonard* 

remembers by representations in his brain that he has a history with Natalie and therefore he 

does not trust her. This is done by a domain-general information processing operation in the 

brain. Leonard on the other hand has all the information written down to decide whether to trust 

her or not. Levine‘s (2009) point is despite that the notes of Leonard are within reach they are 

never within reach of the domain-general information processing unit that decides what to 

believe. The problem, Levine (2009, p58) argue, is the format of the representations, and further: 

“(1) There is a channel limitation on how much information can be processed through his perceptual input systems 

at a time, and (2) when something gets in there it doesn‟t stay very long – after all, the mechanism that stores 

information in long-term memory is broken.” 

Levine (2009) do make an important point when arguing that the extended mind hypothesis is a 

simplification of structures of the world and the mind, but it could also be argued that Levine 

(2009) simplify the description of the functioning of the brain. He does not catch the nuances of 

reality. Long-term memory is not necessarily broken it has just changed. Most of the time it is 

implicitly still there in its most porous form and he can feel the world as Sutton (2009:2) writes. 

To believe is an explicit experience. Even if Leonard does not manage to operate upon the large 

information quantity there are still ways of curbing the management to better operate on 
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whatever the quantity and without explicit believing. After all, using the external environment is 

not to create a memory aid as a domain-general information processing unit. If the domain-

general information processing unit of a human would indeed be completely broken that person 

would not do what Leonard does.  

―In a world of constantly changing environment, literal recall is 

extraordinarily unimportant‖. (Bartlett, 1932, p.204) 

In relation to the unimportance of literal recall Michael Wheeler (2005) reconstructs the 

philosophical threads of Descartes of contemporary cognitive science in the light of Heidegger‘s 

philosophy. In the light of Heidegger, to understand and explain cognition we must study the 

relationship to the ready-to-hand objects in the world. This means that when we use objects such 

as a hammer we do so to achieve something, not for the purpose of thinking about a hammer 

(present-at-hand). Humans adjust to minor variations of a dynamic environment (Wheeler, 2005). 

In this picture subjects and objects may occasionally disappear completely, albeit not withdraw 

from intertwined causal factors of the environment or neurobiological structures of the brain 

(Wheeler, 2005). In other words: ―For Descartes, monads are more fundamental than doorknobs, whereas, 

for Heidegger, doorknobs are more fundamental than monads‖ (Wheeler, 2005, p.163). Even Levine (2009, 

p.55) says that how we are able to have an architectural belief system is not well understood. 

Levine (2009, p.58) writes: ―Figuring out what to believe involves central processes that somehow operate on 

larger stores of information at once, information that is stored in a designated location and represented in the 

appropriate form. Memory is precisely that store information.‖ Indeed there are differences of perception 

and mental operations upon representation but the previous quote sounds more like someone 

trying to find a book in a bookshelf than the neural allocation of memory traces: albeit it could be 

argued that it is important to know that you remember.  

A physically distributed memory 
That cognition was distributed proliferated as a way of modelling in the eighties with the 

increased usage of complex socio-technical systems (Hollnagel & Woods, 2005; Hutchins, 1995) 

and cultural studies (Hutchins, 1995). Cognition as distributed shifted the focus of cognitive work 

from the internal processes of technology and humans to the processes of cognitive functional 

systems (Hutchins, 1995). This means that for something to be achieved, internal and external 

structures must cohere with their different component abilities.  

Hutchins (1995) does not see memory as a storage house and unlike Donald (1991) Hutchins 

(1995) as Vygotsky (1978, originally published 1930) cannot easily see the analog between internal 

and external structures: ―The uncertain, indistinct meaning that is usually read into the figurative use of the 

word “tool” in no way eases the researcher‟s task. His task is to uncover the real relationship, not the figurative 

one, that exists between behaviour and its auxiliary means. Should we conceive of thought or memory as being 

analogous to external activity?‖ (Vygotsky, 1978, p.53). A written procedure is helpful because the 

task performer can rely on pattern matching and easier manipulations of the physical system 

(Hutchins, 1995). These functional properties distribution over different media are not limited to 

the usage of tools or artifacts (Hutchins, 1995). This is because such words say nothing about the 

role of the external or the internal world, and could even exclude structures of the world. 

Hutchins (1995, p.172-173) uses the example of Micronesian navigator‘s that navigate according 

to the stars to make this point; where for instance the less or more sprinkling of stars are an 
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important component. The stars are a natural phenomenon as compared to tying a knot to your 

finger (Vygotsky, 1978, p.53). Hutchins (1995) sees that the natural phenomena has structure and 

perform together with a cultural strategy of seeing. The ability of navigating by the stars cannot 

simply be attributed to individual minds.  

Vygotsky (1978) used the concept of signs, which is something we learn to use throughout the 

course of development. Vygotsky (1978, p.46) meant the acquiring of the skill could neither be 

traced back to the internal or the external world. Throughout development humans influences 

their environment and changes their behaviour according to the environment (Vygotsky, 1978, 

p.51). Some objects can be internalized in such way that they do not need to literally exist in the 

external environment anymore (Vygotsky, 1978; Sutton et al., 2010, p.15). Sutton (2002) in 

symphony with Hutchins (1995) says that the external is not just about storing, it is about 

changing a task or an activity. A sketchpad for an artist is not just external memory storage; it is 

part of the process of artistic cognition through externalizing and re-perceiving acts (Sutton, 

2002). Sutton (2002) means that engrams are partial and action-oriented; this is the reason why 

they can scaffold with the external world in several ways. As hinted, another point of viewing 

cognition as a process is that it requires a more dynamic idea of cognition where relations are not 

constant; in contrast, they are constantly changing. Vygotsky (1978, p.64) said: ―to study something 

historically means to study it in the process of change; that is the dialectical method‟s basic demand. To encompass 

in research the process of a given thing‟s development in all its phases and changes – from birth to death – 

fundamentally means to discover its nature, its essence, for “it is only in movement that a body shows what it is.‖ 

We will return to the nature of change in later chapters as it is the hallmark of development and 

what we go through as we grow old. 

Eskrit and Lee (2002) suggest that somewhere around mid-childhood children begin to ―distribute 

information actively between internal and external memory storage‖. As said, the paradigm of distributed 

cognition suggests that the external representations go beyond being just a memory aid. For 

example, it has been found that not only the amount but also the formats of external 

representations affect cognitive performance. Zhang and Wang (2009) found that memory 

performance was most fragile for manipulation if the task required internal and external sources. 

This emphasizes the importance of coordination between external and internal aids. Zhang and 

Wang (2009) also proposed that external representations do not need to be re-represented in the 

mind. Instead it is the interplay between the internal cognitive processes and the external 

representation (via the perceptual system) that is important for performance. The answer to how 

this is coordinated by an executive process may illuminate why more external aids is not always 

preferable. Zhang and Wang (2009) conclude that external memory aids is not always of use. 

Thusly a task with the information distributed across internal and external sources can both 

hinder and enhance depending on the extent the external representation match. An argument for 

embedded, distributed and extended cognition is that the neural brain does not causally operate 

in isolation from its environment. But this is not as straightforward as it may sound. Barnier, 

Sutton, Harris and Wilson (2008) says ―the nature and level of causal integration across the divide between 

individual and environment suggests that cognitive systems themselves often involve the coupling of neural, bodily, 

and external systems in complex webs of continuous reciprocal causation‖. Even if it is true this is the 

common view of contemporary cognitive science as Wheeler (2005) noted earlier. Words like 

dynamical, collaborative, situated, contextual, mediated, temporally-embedded are just words, like 
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external and internal and even though they are pointers toward a framework that is more suitable 

of aspects of remembering they do not automatically prove explanatory power. Do all reciprocal 

causations have the same strength? When is something temporally-embedded? Barnier et al. 

(2008) says that performance depends on the durability and reliability of a particular part in the 

system in relation to the rest of the system. And indeed, as many authors conclude, what such 

contemporary terms untie is to include anything that proves worthy a causal explanation, but it 

remains arbitrary how. 

The use of external means must not always be for prospective planning or well-defined 

laboratory tasks. Perhaps one of the most commonly referred objects in the modern western 

world to supplement personal memory distribution is the photograph. Keenan (1998, p.61) 

adress the issue of whether a photograph is in the aid of memory or is a desacrialized version of it 

as it ―could never capture either the significance of this moment for memory, or its true meaning as a memory‖. A 

pessimistic view of an external object suggests that a photograph is more in the favour of 

forgetting than remembering what actually was. But Keenan (1998) propose a more dynamic 

view and says that a photograph is not a merely static entity; photographs can be sites of memory 

and despite it may be clouding the actual memory it may also if somewhat similar to the actual 

memory underline the process of remembering and function as a memory-image even though it 

is not a complete memory. A photograph can affect memory and be an important factor to be 

able to remember (Keenan, 1998). Structures and objects in the environment can influence our 

prospects of remembering in ways not predicted by its intent. Objects that prompts 

autobiographical memories contributes to the so called individual autotopography (Hoven & Eggen, 

2009). Including odor, photo, artifact, audio and video cues Hoven and Eggen (2009) conducted 

an experiment investigating retriveal of real-life events (a visit to a history-theme park). Contrary 

to expectation the non-cue conditon provided with the best retrieval of event-specific knowledge. 

Previous studies in the area has provided mixed results (Hoven & Eggen, 2009). Remembering 

specifics is not the only way to remember events, and perhaps not the most important and the 

authors conclude that the future must clarfiy in what way and when objects can contribute as a 

cue for remembering. Hoven (2004) compare autotopography with distributed cognition and 

picture its relation and difference as follows (p.5, see figure 2 below). Both autotopography and 

distributed cognition shares the same inner loop. The difference is that autotopography starts 

with an external cue that triggers internal information (a) while distributed cognition starts with 

external information which trigger an internal cue (b) (Hoven, 2004).  
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Figure 2: The common process of autotopography and distributed cognition (Hoven, 2004) 

This difference is by Hoven (2004) derived from the origin of distributed cognition as a 

phenomena mostly investigated in complex workplace environments. In such places it is often 

external information, for example external representations of an airplane, that triggers an internal 

cue of an expert. Cues of the everyday are often more subtle, like postcards, and are therefore by 

Hoven counted as cues. It could be argued that this is a narrow view of distributed cognition, 

especially if are to regard cognition as Hutchins (1994) as a cultural phenomena. Distributed 

cognition in this sense involve external cues. Hutchins (1994) explanation of  Micronesian 

navigators usage of stars would – according to my interpretation – in the framework of Hoven be 

counted as the usage of external cues. What is structures of the external world if not something 

that involve cues, information and everything in between? 

Brooks, Friedman and Yesavag (2003) found that external memory aids could also be useful at 

the time of recall even if the external aids were not physically used at the time of recall. Their 

experimental study wanted to see if the method of loci would enhance recall if it was extracted 

during encoding to a paper (compared to writing down normal study words). They found that 

writing with a loci-approach was the best approach if the external aid would not be available at 

the time of recall. Interestingly the study was done on elderly (+55) that generally has some 

problems with certain necessary parts of the loci method. Brooks et al. (2003, p.61) claims that 

the method of loci ―provides a concrete link between the studied word and the location‖, a link that would 

be harder forming internally. Something similar has recently been done in an adult classroom 

setting. Makany, Kemp and Dror (2009) examined the use of so called non-linear note taking by 

comparing this with normal linear note-taking. The findings were significant: people partaking in 

non-linear note-taking performed better in several different tests afterwards. In relation to this 

Kirsh and Maglio (1992) showed that actions can have so called epistemic benefits; that is they 

relieve the cognitive process of the problem-solving but does not implement a plan or a reaction. 

Internal 
cue (b) 

External 
information 

Internal 
information 

(a) 
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A socially distributed memory 
Memory as socially manifested has usually been ascribed to Bartlett (1932) who said that 

remembering is a process of reconstruction, where the social life plays an important part. But it 

should also be ascribed to Halbwach (1992, originally published 1925, see below). Bartlett 

showed that when reminiscence is hard we rely on frames of thoughts, generalization that can be 

ascribed to what we want to remember.  

In contrast to the more technologically oriented view of distributed cognition the socially 

distributed memory waft for the embedded, distributed, extended view of cognition as a hallmark 

for social cognition (Barnier, Sutton, Harris and Wilson, 2008). Studies show that under 

uncertainty of autobiographical memory people are likely to rely on others to verify and discuss 

the past, and the number of false memories decreases if they do so (Sutton, 2009). This is further 

compatible with developmental psychology where findings suggest that remembering is a skill 

learned through memory-sharing practices. Maternal reminiscence style predicts to some extent 

the content of autobiographical memory in children (as described by Sutton, 2009). This is a sort 

of social scaffolding and possibly a spiral model where the child and mother creates a dialogue 

and influences each other reciprocally. A situated perspective should include both the social 

scaffolding and the spiral model (Sutton, 2009). Through this practice a child learns the temporal 

dimension of memory: that memories can in principle be allocated on a temporal dimension, and 

that the child‘s perspective of what happened on the temporal axis is not necessarily the only one 

perspective (Sutton, Harris & Barnier, 2010). This temporal understanding of remembering is 

crucial in the social life of promising, forgiving and within emotions such as grief, love, and regret 

(Sutton, Harris & Barnier, 2010).  

These views of remembering unfurl a discussion of whether remembering is manifested on group 

level or an individual level. Even though argued for collective social memory Halbwachs (1992, 

originally published 1925) meant that none of the perspectives has ontological priority and that 

the individual ability to remember can only be viewed and understood if viewed within a social 

milieu (p.53). Halbwachs also introduced something that can be seen as a distributed perspective 

on cognition when he explained how classical musicians remembered a large number of pieces 

(as cited by Sutton, 2009, p.227): ―external representations can then be used to preserve the complex 

combinations: the score in this case functions exactly as a material substitute for the brain. In the long process of 

acquiring musical skills, musicians not only have learned how to read these external symbols but also have 

artificially remolded their onboard representational apparatus, and they come to rely on these new mechanisms in 

their musical habits and thinking whether or not they are actually using a score‖. But this does not only claim 

that the distribution is not constant as it also argues that the biological memory is transformed 

through the process of remembering (Sutton, 2009). 

One phenomenon in the studies of memory is transactive memory (Barnier, Sutton, Harris and 

Wilson, 2008). Transactive memory is a memory system that takes place between individuals; a 

truly successful memory of such predicts that, quantitatively or qualitatively, the sum of the 

system will be more than the sum of its parts (Barnier et al., 2008). Wegner made the point 1985 

(as described by Barnier et al., 2008) that the parts/individuals of such system should differentiate 

and complement each other, but they should also integrate; which means that group members 

―can cue each other to produce more information‖ to be successful. Earlier research has found that long-
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term relationships perform better on remembering tasks, but only when they may choose their 

own structure of learning; if structure is forced upon couples, strangers perform much better 

(Barnier et al., 2008). It also appears as if the long-term relationships perform better if they only 

collaborate during recall but worse compared to strangers if they try to collaborate during 

encoding; it appears as if the established transactive system that has adaptively evolved between 

long-term relationships is interrupted if explicit strategies are evoked (Barnier et al., 2008). 

Sutton, Harris, Keil & Barnier (2010) argues in favour of the complementarity argument of the 

extended mind-hypothesis by picturing how remembering is socially distributed. Through a 

number of studies involving dyads remembering Sutton et al. (2010) pictured how remembering 

in related dyads can be successful as well as unsuccessful in a distributed sense.  In interest of this 

study Sutton et al. (2010) started to investigate the socially distributed memory among old 

couples. No general inhibitory or facilitatory effects were found but a range of different explicit 

strategies was found. For instance – in an experimental session – one couple, where one part 

experienced memory impairment, the other would wait till he had recalled alone before adding 

with her traces. In another couple one would do actions in the encoding phase that were 

reproduced in the retrieval phase that cued the other to remember better. In the interview-like 

session of autobiographical memory the general pattern was that the partners facilitated and 

altered a richer description of the past; but the styles of achieving the richer description were 

different across couples. Some were more interactive and dynamically reconstructed episodes 

together, while others were unsuccessful in complementing each other. Sutton et al. (2010) also 

realized that every couple has their own standard for a successful reminiscence; for some, a good 

story is more important than truth. Some prefer semantic while others prefer episodic details, and 

some rely more on external records than others. In future studies Sutton et al. (2010) will 

investigate when people actually can compensate for the cognitive decline of their partners 

memory performance. Barnier et al. (2008) also discussed the nature of a successful remembering 

and noted that in the real world other goals such as ―establishing relationships, or making good 

impression, developing and maintaining intimacy, teaching and informing others, and eliciting or providing 

empathy‖ are important. Emotions and motivational values are factors still rather neglected in the 

study of autobiographical memory (Barnier et al., 2008). 

Another phenomenon is collaborative memory; where for instance free recall sessions in groups 

significantly influence how individuals later remember the spoken situation; specifically 

individuals that had recalled in group lowered their scores on how shocked they were of the 

death of Steve Irwin when asked about it a week later (Barnier et al., 2008). People that recalled 

alone did not lower their ratings. Barnier et al. (2008) also studied the social manifestation of 

remembering of former classmates that during a reunion 20 years after recalled events. Not 

surprisingly, the performance of individuals was predicted by their level of contact, post-school 

years, with classmates. In general, although not putatively achieved in the study Sutton et al. 

(2010) wanted to know on what key dimensions the relation between the internal and the external 

vary: ―Some resources may be highly reliable, and when used involve high levels of interactive engagement and 

feedback, but nonetheless feature only in transient larger problem-solving ensembles […] at other times, they involve 

more stable and permanent relationships between biological agents and extended cognitive resources‖ (p.14). 

Methodologically it is important to locate relationships between agent and artifact and between 

engrams and exograms to create a multidimensional space to plot upon what can count as 

minimal or maximal successful distribution (Sutton et al., 2010, p.15), and further what scores 
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high on durability and reliability (Barnier et al., 2008). Possible dimension noted by Sutton et al. 

(2010) is (1) trust and reliability, (2) whether the resource is sculpted to the individual as a 

possible interaction over time, (3) whether the resource is used by one person or many people 

(for example, whether the resource has some cultural origin). Barnier et al. (2008) post six 

dimensions that according to them should be studied to better understand the distribution of 

social memory: (1) is the distribution attributed to encoding (experience) phase or the retrieval 

(remembering) phase, (2) is the experience shared or unshared, (3) is the shared experience 

accidental or intended, (4) is the unshared experience similar across the individuals, (5) is 

remembering manifested individually or as a group, (6) how collaborative is the activity of 

remembering, can it be explained as turn-taking or joint revision. Rajaram and Pereira-Pasarin 

(2010) propose a theoretical framework were collaborative memory comes with positive benefits 

and negative costs. They are as follow: Retrieval disruption: as the most prominent negative 

influence this means that collaboration e.g. part-list cues disrupts individual retrieval strategies. 

But retrieval strategies do not necessarily disappear, they return when the cues are taken away at a 

latter stage, known as rebound. Blocking: collaboration can block the individual possibility of 

recall and eventually lead to forgetting. This can partly be explained by that when under 

collaboration one must wait before recalling. Social contagion errors: sharing memories 

occasionally comes with the cost of remembering something because someone else remembered, 

correct or not. Reexposure effects: by collaboration individuals are once again, in a way, 

exposed to the material to be remembered; something that positively promote learning and later 

individual retrieval. Relearning through retrieval: collaboration can also work as a rehearsal of 

the remembered material and be a better way of encoding than repeated study. On the downside 

is of course that those items that initially were not remembered will not be remembered in the 

upcoming relearning through retrieval. Error pruning: receiving feedback of others can prompt 

one to remember falsely.  

Campbell (2008) thinks it is wrong if we separate individual memory and collective memory and 

later tries to merge them. Episodic memory abilities develop as a process of sharing memories 

and even if it becomes individualized it should not be modelled as if never been a social 

phenomenon. Speaking about distributed memory nurtures the question to what extent memory 

is distributed. In his book How Societies Remember Paul Connerton (1989, p.1) raise the notion 

of a social and cultural memory; more specifically, ―how is the memory of groups conveyed and 

sustained?‖. Connerton also wants to pay tribute to the notion of the body as a conveyor of social 

memory. His argument takes the following form: ―if there is such a thing as a social memory […] we are 

likely to find it in commemorative ceremonies; but commemorative ceremonies prove to be commemorative only in so 

far as they are performative; performativity cannot be thought without a concept of habit; and habit cannot be 

thought without a notion of a bodily automatisms.‖ (p. 5). By looking at habits we should change how we 

look upon and understand our body, because ―in the cultivation of habit it is our body which 

„understands‟‖ (Connerton, 1989, p.95). It is known that how we use our body and what our bodies 

experience in the moment affect how we experience and what we remember.  

An embodied memory 
Recent years has formed an embodied view of cognition; claiming that the body is an important 

contributor to cognition and something that could  even be essential for any type of cognition 

(see Shapiro, 2010, for an introduction and overview). A relative of mine with Alzheimer‘s faced 
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a severe challenge when she were to recognize her husband. By no means visually or 

argumentarily the husband manages to convince her of that he was her husband. By trying 

everything he realized that the only way he could convince her that he indeed was her husband 

was by letting her touch his hand. He, in his youth, had undergone a surgery, leaving his fingers, 

except from the thumb, sewn together like a mitten. At that moments touch was the only social 

input that could convince her. 

Sutton, McIlwain, Christensen and Geeves (2011) pursue a philosophical discussion on the 

border between intelligence and reflexes, between the mental and the skillful. They write (p.1): 

―Among the many ways in which history animates dynamical systems at a range of distinctive timescales, the 

phenomena of embodied human habit, skillful movement, and absorbed coping are among the most pervasive and 

mundane, and the most philosophically puzzling‖. In principle the argument that Sutton et al. (2011) 

follow is that even the most flow-like embodied practice is not without mental effort and 

complex mental operations; it is even a necessity to evolve a skillful practices to undergo mental 

activities. This type of argument generally aims for many performative practices, as noted earlier, 

like dance and music, but Sutton et al. (2011) mean that this also applies to ―our everyday habitual 

actions‖. Sutton et al. (2011) argue that gathering keys before leaving home and brushing our teeth 

also applies to the query of a clear distinction between skills and mental activities. This space 

between has not been investigated and described in any length and can be viewed as a continuum 

where some responses are channelled and stereotyped and where some require attentiveness and 

variation (Sutton et al., 2011). Sutton et al. (2011) disagree with those who say that experts 

perform without effort. The effort is of a different kind and practice is not without effort. I 

played quoits with my nephew this Easter and his father corrected him by noticing that he were 

looking at the ring when he threw the ring and suggested he should look at the stick instead. This 

was a mental effort that improved his performance significantly.  

Even if there is still a form of awareness there is no ―self-referential awareness‖ when the relation 

between the subject and object becomes transparent (Sutton et al. 2011, relate to Wheeler, 2005). 

Bodies carry the past, without it being attached to a thought and where it is still possible to feel 

the world (Sutton, 2009:2). Embodied cognition means that some mental tasks are easier done if 

the body is used. Studies for instance show that children more easily acquire math skills if they, 

during practice, are allowed to use their hands (Goldin-Meadow, Wagner Cook & Mitchell, 2009). 

Experts on keyboards perform worse on recognition tasks of letter dyads that are easy to write 

on keyboards if no motor actions are allowed (Yang, Gallo & Beilock, 2009). Memory is 

influenced by embodied motions related to the task even if no such motor action is pragmatically 

necessary. Kirsh (2010) showed that dancers remember choreographies almost as good as after 

full practice if they as rehearsal mark with their finger on their hands. This was more physically 

efficient for their bodies. Even if I will not go into the matter of a theoretical justification of 

embodiment it is important to know that some even argue that every knowledge we possess is 

grounded in embodied re-enactment (see for instance Barsalou, 2008). I remain to admit that 

there is some truth to the statement. For instance, moving balls upwards meantime being asked 

recalling a personal memory increases the likelihood of recalling a positive memory; and 

conversely moving balls downwards increases the likelihood recalling a negative memory 

(Casasanto & Dijkstra, 2010). Kirsh (2010) relates his concept of marking to the concept of 

projection, which is the intermediate between perceiving something and imagining something. 
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This means that humans have the ability to project experience of our imagination on an existing 

structure (Kirsh, 2010). 

To model cognition it is imperative that none of the views of cognition go unnoticed. Sutton 

(2002) wants to merge the embodied viewpoint with social and the physical into a common 

model of remembering:  

―The biggest challenge, then, in constructing a genuinely dynamical 

framework to analyze the cognitive life of things in memory, is to 

acknowledge the diversity of feedback relations between objects and 

embodied brain.‖ (p.138) 

Compensatory behaviour 
Memory impairments is one of the most handicapping of cognitive deficits, partly because they 

are causing stress to the impaired and to relatives, which in turn lead to the experience of 

isolation and loneliness (Wilson, 2002:2). The idea that humans change at a neurological and 

behavioural level to cope with other changes belongs to an alternative view of memory because it 

profess a functionalistic view of memory where internal and external processes exist to adapt to 

changes. When there is a change in the personal profile to cope with a deficit such change are 

commonly referred to as compensatory behaviour (Bäckman & Dixon, 1992). This is also known 

as the sublime law of life (Emerson, 1900). 

Neurological adaption 
One of the first to investigate such changes with neurological detail was Aleksandr R. Lurija. He 

defined human abilities within so called functional systems. Lurija (1963) defines a function as 

follow: ―The basic forms of adaption of the living organism to its environment and the principal manifestations of 

its vital activity. […] We are concerned here with complex adaptive activity (biological at some stages of 

development and social-historical at others), satisfying a particular demand and playing a particular role in the 

vital activity of the animal.‖ Abilities where thusly organized as systems of such functions meaning 

that a particular trauma would unlikely destroy a whole system. He posed the problem of 

reorganization: what happens when higher functions, specifically in the cortex are destroyed? 

Studies on animals suggest that function can be re-established while studies on humans suggest 

that the conditions that arise are much more lasting and differentiated (Lurija, 1963).  Lurija 

(1963) argued for three hypotheses: (1) Traumas do not destroy a particular function; it is simply 

in a state of inhibition or inactivity that can be removed. The tissue per se is not restored, (2) 

Functions that depend on certain areas of the brain can be transferred to other areas. (3) A 

function cannot be attributed to a specific group of cells; they depend on several areas that can 

be restored with radical re-organization. Lurija (1963) renounced three former views of the brain 

(p.50): the existence of specific centers of function; the existence of ―homogenous areas of 

association‖; the structuralist view that removal of an area lead to a more primitive level of 

behaviour and that compensation could only be achieved by lowering the demands of the 

external environment. Lurija (1963) meant that all of them were a simplification and more 

complex explanations must be sought. Lurija (1963) writes about different forms of 

reorganization. We will see in a forthcoming section that some of these types of reorganization 

can be seen as a corollary of aging. For instance, conceptual reorganization takes place by an internal 

change within a functional system. This is compared to direct reorganization which is a transfer to a 
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higher level function. Inter-systematic reorganization is the formation of links previously not used 

within the system; a type of reorganization that must be with conscious effort (Lurija, 1963).  

Lurija (1963) further analyze the basic conditions of restorative training. In this case Lurija makes 

a major distinction between lesions that destroys an operational aspect and lesions that destroys a 

motivational aspect of a functional system. Motivation is important and if not the patient takes an 

active part of restoration reorganization is less likely to occur. This is especially true for higher 

forms of psychological reorganizations: ―There is no doubt that the first steps in restorative training must 

be based on the part of the function remaining intact and which may subsequently be used for the conscious 

compensation of the defect‖ (p.74). At the locus of the problem is that frontal lobe lesion often 

precedes a lack of motivation therefore the restoration of frontal lobe lesions are by definition 

less likely to be successful as they overlap with areas that are necessary for success (Lurija, 1963, 

p.233). Further Lurija notes that such patients in a working context stops noticing if what they do 

is useless, the goal of performing is lost. A lack of control is also noted, where actions is 

performed without corrections (Lurija, 1963). The possibility for restoration of function also 

depends on the premorbid psychological structure (Luria, 1963, p.230). With this Lurija also 

refers to the ―psychological make-up of the individual‖. For example he notices that pre-morbid eidetic 

individuals are far more easily functionally restored from lesion in the visual sphere; they more 

easily compensate.  

Even if Lurija based his research on neurological aspects he also wanted to bridge neurological 

aspects of cognition with the behavioural level and the external world. As member of the 

Vygotskian circle Lurija also advocated that the neurological level is just the starting point, the 

restoration must go beyond the lower level of elementary automatisms. He writes that any activity 

is towards something, an object, which changes the mental process of the human (p.39). Lurija 

proved this by a simple experiment were a patient with occipital lesion could perceive no more 

than two out of three meaningless shapes, but were of no problem of perceiving and remember 

them when they were arranged in a meaningful constellation. 

Behavioural adaption 
Bäckman and Dixon (1992) note that in the literature a criteria for something to count as 

compensation is “(a) the person‟s awareness of a skill-demand mismatch and (b) the establishment of a causal 

link between a mismatch and a subsequent compensatory behaviour.‖ They also note that compensation is 

both a ―ubiquitous and evanescent‖ term, ―easier to illustrate than to define‖. 

Compensation is something that is used when there is a mismatch between skills and 

environmental demands. The process of compensation can be either automatic or deliberate, by 

using more time or effort, by using normal skills, normal but latent skills or acquisition of new 

skills (Bäckman & Dixon, 1992). Compensatory behaviour has mostly been scrutinized under the 

loss of sensory abilities but some other areas are adults aging, reading difficulties, alcohol 

intoxication, autism, learning disabilities and schizophrenia (Bäckman & Dixon, 1992). Bäckman 

and Dixon (1992) says that compensatory behaviour for some groups – adult aging included – is 

pictured as a more deliberate effort. For example, older chess players, despite performing worse 

in tasks of memory and chunking, perform equivalent to younger chess players in chess tasks. 

This was attributed to older adult‘s ability of more systematic search and better global evaluation. 

Similar findings in prospective memory suggest that older adults remember as good as younger 
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adults when the information is meaningful. This suggests that for the everyday environment 

individuals compensate for maintaining a role as social beings (Bäckman & Dixon, 1992).  But 

again, what is the idea for something to be deliberate compared to be an automatic reaction? 

Bäckman and Dixon (1992) discuss the relation between automatic-deliberate compensatory 

behaviour and biologically/behavioural explanation for behaviour and say that most likely the 

biological level of change underpins the behavioural: ―Some automatic compensatory mechanisms may 

exist at the biological level, although the functional significance of these mechanisms remains unclear. On the other 

hand, most compensatory behaviours seen among brain-injured people are developed through deliberate efforts, often 

in collaboration with a clinician‖ (p.267). First of all if the biological level would not signify the 

behavioural level we would have a kind of dualism. Second, the notion of this relationship, as 

previous literature explains it, conceals an idea that everything biological is automatic and 

everything behavioural is deliberate. Someone with aging as the consequence of her 

compensatory behaviour is likely not consciously aware of her compensatory behaviour all the 

time. But Bäckman and Dixon (1992) also see that a deliberate effort may transcend to be 

automatic. This would predict that most behavioural changes as a consequence of age will start 

with a deliberate effort to compensate. Further, Bäckman and Dixon (1992) note that 

compensation – despite in its definition is a positive direction – also include negative sides. Based 

on previous literature Bäckman and Dixon (1992) proposed a framework of compensatory 

behaviour (see figure 3). 
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Figure 3: Psychological framework for compensatory behaviour (Bäckman & Dixon, 1992, published with permission 
from author) 

 

(1) Origins 

It all begins with a mismatch. Therefore, behaviours that appear to be compensatory does 

not necessarily qualify for being attributed to a mismatch. Bäckman and Dixon (1992) 

also writes that compensatory behaviour does not start automatically without awareness. 

But even if there is awareness it is not necessarily that compensatory behaviour starts 

(Bäckman & Dixon, 1992). What is awareness? If you are born with a mismatch 

compensatory behaviour must start without awareness, or if you age into mismatch 

awareness indeed exist, but must be subtle in a way, which turns parts of the 
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compensation to less conscious experience. Bäckman and Dixon (1992) realize this and 

add that some behaviours are more automatic as a function of practice over time and also 

suggest in the discussion that ―knowledge concerning the perception of the nature of compensation is 

imperative, that is, the extent to which the behaviour is perceived as requiring deliberate efforts versus 

being automatically initiated and whether it is judged to draw on normal skills, old but latent skills, or 

new skills‖ (p.277). This is the case of older adults as the skill decreases gradually. Alfred 

Adler avoided a dichotomy of the conscious versus unconscious by claiming they both 

belonged to the same system and that unconsciousness marks the line where something is 

less understood and formulated (Feist & Feist, 2009, p.75). But on the other hand 

consciousness must not imply understanding. Nevertheless, Adler viewed compensation 

as the core of human strive, where the social interest was the most important cornerstone 

for human activity (Feist & Feist, 2009, p.71-75). This relates to earlier instances of a 

socially distributed memory and the forthcoming idea that motivational forces are an 

important factor for any kind of intervention. 

 

The level of mismatch depends on (Bäckman & Dixon, 1992): level of severity of deficit, 

level of contextual support, the likelihood of compensation decrease as contextual 

support increases. Does this mean that using contextual support is not compensatory 

behaviour? Just because this model is in need for a mismatch to trigger the process of 

compensation it do not show how external structures contribute to the ability to 

remember. In a sense human continuously compensate because humans strive for 

equilibrium between internal effort and external demands. But in the framework of 

Bäckman and Dixon (1992) compensation occurs when the continuous process of 

matching fails to catch up. Therefore I think that the model can be too unsusceptible to 

the fluctuations that in the long run – according to the framework – give rise to a 

mismatch.  

 

(2) Mechanisms 

The mechanism of compensatory behaviour is achieved by an increase in time and effort 

or a substituting skill (Bäckman & Dixon, 1992). It is also possible to compensate by 

decreasing the level of expectation or changing the goal of a task (Bäckman & Dixon, 

1992). If this is the case part of the model must also be the process of selecting a goal 

(Bäckman & Dixon, 1992). An important definitional aspect is that in order for 

something to be a compensation the origin must be intraindividual and even though it 

may sometimes be a mismatch between the internal and the external as for example in 

stressful situations that sort of adaptive behaviour is a kind of coping, not a 

compensation for something lost internally. 

 

(3) Forms 

This is to what extent the behaviour differs from ―normal behaviour‖, quantitatively or 

qualitatively. Evidence for the aging population suggests that use of old skills is more 

common than acquisition of new skills (Bäckman & Dixon, 1992), therefore suggesting 

that the skills used for compensatory is qualitatively similar to those used by the normal 

population. However, skills used by the normal population are not necessarily those that 

are part of the most primitive form of human interaction with the world. Some skills are 
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more primitive than others, like for instance the use of vibro-tactical signals. Such 

primitive skills can be more sustainable if there is a pronounced deficit (Bäckman & 

Dixon, 1992). 

 

(4) Consequences 

Consequences can be successful or unsuccessful but even though a particular 

compensation can be functionally adaptive it often result in loss of function in other 

areas. But this does not mean that particular compensation cannot bridge the 

environmental-subject mismatch in general (Bäckman & Dixon, 1992). 

JC – A Case Study 

Wilson and Hughes (1997) report a case study of JC. JC experienced an aneurysm that left him 

with severe amnesia, but with other cognitive abilities intact and with intelligence above average 

he managed to develop his own system of remembering. In the beginning he used external aids 

such as a notebook and Casio data bank wrist watch. An example of a mnemonic he used was 

first letter-remembering. He also trained to break down tasks in subtasks and learned routes 

through this. A short partial description of his system follows below: 

―JC has a comprehensive system of memory aids, some of which have been modified to suit his particular needs. In 

his filofax he has a page-a-day diary which replaced his daily sheet. He also has extra pages which he can 

substitute for the originals in case errors are made or there are changes of plan. He tags up important messages, 

particularly changes of routine, by using sticky back `post it‟ ‟ notes. He crosses the tasks when they are completed. 

He has a map of the local area and uses coloured sheets for friends and activities. Every person in his life has a 

sheet with relevant information on. Some lists are kept in his filofax. J uses six different kinds of lists. First there 

are the shopping lists. He writes on the list as things start running out. He also writes on the lists things he is 

likely to need when he plans his menus. He checks his cupboard to see if there is anything he should add and 

cheques are attached to his shopping list to act as a reminder to go to the bank or post office.‖ (Wilson & 

Hughes, 1997, p.51).  

JC evaluated his system by saying that he tried to make it foolproof. It should be resilient in the 

sense that if something slipped through one barrier it would be remembered by another strategy 

or aid (Wilson & Hughes, 1997). Important to realize is that the compensatory literature is 

extensively based on people with acquired brain-injury. It is possible that the conclusion drawn 

about compensation from such sudden invasive population is different from what could be 

important for a population that gradually changes. 

Another real-world case is the case of N.A. that was very conscious of his memory problems and 

realized his dependence of a stable environment and thus intensively avoided changes. Changes 

in the environment (social and physical) could jeopardize his ability to recognize his environment 

(as described by Sutton, 2009:2). Doing nothing can also be a barrier in a resilient system. 

Concluding 
A natural and a distributed view of memory emphasize a functional modelling of the phenomena. 

But it also prospers challenges. How can internal structures be modelled together with the 

external world, especially if we are to include the aspect of a constantly changing (and 

degenerative memory)? We are embedded in things but many studies suggest that we are not 
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constantly so. Tobias (2009) suggested that we are in the situation located on different abstract 

distances from an external entity. Sutton et al. (2010) and Barnier et al. (2008) suggested 

dimensions to measure in the social modelling of memory studies. But such studies show a 

stripped kind of remembering where subjects sit down and remembers the past in isolation from 

the external world. It is likely that many instances in the everyday involve the social side of 

remembering in coupling with the physical distribution of memory. Sharing memories is 

important for the performance, but to what extent and what is it to coordinate? What prompts a 

memory? Further, what kind of actor is the brain? Some suggest that the brain carries the code 

and that engrams are action-oriented towards the external world. We learn to remember but 

everything is not about the explicit form of remembering. We do not ponder about everything we 

do. That memory is cultural and that we have a common external network pose intergenerational 

issues. Even though the generational aspect the aspects noticed in this section: physical, social 

and embodied distribution of memory is a matter for every generation and in reality the physical, 

social and embodied is a symphony working in real-time and should not be modelled in isolation. 

Everyday habits are generally performed with a body and we should not, although not very well 

scrutinized, undervalue the role of the body and habits in the everyday, where explicit can be 

considered an inappropriate word. In regard to above issues it is not clear what we should 

measure when studying a distributed memory. The distributed view of cognition involve many 

post-modernistic words that need careful consideration and what a distributed view on cognition 

has accomplished in many complex socio-technical areas it appears it has not yet rooted and 

accomplished in the science of memory.  

Humans compensate and that has been seen on a behavioural level and a neurological level. In 

terms of the behavioural level most literature appears to focus on the deliberate and rational kind 

of compensation.  JC is an example of this which shows that people can arrange their 

environment to suit their internal abilities or disabilities even though an acquired brain injury is 

established. Even though Bäckman and Dixon (1992) notice this and say that some 

compensation can transcend into a more automatic behaviour literature suggest that every 

compensation starts with a conscious effort. Lurija also noted this but said that some 

reorganizations needed motivation as a fuel. It is not for me obvious that compensation must 

start with a conscious action. We already concluded that consciousness is a crude term when it 

comes to cognitive processes in general. Is it possible that this is the case once again? I figure that 

the focus on an explicit mismatch risk leaving out explanations on how humans use the 

environment normally when compensation is not noticed, but likely in the vicinity of the 

explanation.  Importantly, it is possible to judge compensation as something that is based on 

normal skills, old but latent or new skills, and importantly some abilities of humans are more 

fundamental than others. In neurological terms there are changes in the brain with regard to 

mismatch between the internal and the external. Some need motivation while others happens 

automatically. Long-term memory problems are related to lack of control and goal-incentives. 

Pre-morbid state is important, which is something that also is the case of the older population. 

We now turn to the proposed degenerative nature of memory abilities as a consequence of aging.  
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Memory problems due to aging 
The next forthcoming sections focus on the degenerative ability to remember as a consequence 

of aging. Because aging is not considered a deficit per se the degenerative nature of memory due 

to aging should not be seen as a deficit. But there are age-related deficits such as Alzheimer ‘s 

disease (AD), dementia and Mild Cognitive Impairment (MCI) that relate to the degenerative 

nature of memory. The forthcoming sections regard all of them but focus on normal decline of 

memory and advocate the importance of finding and understanding the border between deficits 

and normal aging. Evidently this chapter is not depletive of all the knowledge there is about aging 

and cognitive functions.  

According to classic terms 
Normal decline of memory abilities as a fact of aging has been attributed to four different 

theoretical explanations: a decline in processing speed, reduced processing resources, age-related 

inhibitory deficits and decreased cognitive control (Kester, Benjamin, Castel & Craik, 2002). The 

first approach says that due to neurological changes elderly experience a decrease in processing 

speed. The second approach means that elderly has a reduction in attentional resources which 

mean that they experience problems with cognitively demanding processes. The third approach 

claims that elderly have an inhibitory problem which in turn forces them to allocate more 

resources to things not important in the moment. The fourth approach is a mixture of the second 

and third and benefits from being able to almost include all aspects of memory impairment 

described below; but on the other hand suffer from being indistinct and with less innate 

explanatory power (Kester et al., 2002).  

The decline effects are usually divided between direct and indirect abilities. The indirect ones are 

motor learning, visuospatial memory and priming. Some of the direct ones are semantic, episodic, 

working, prospective, source memory tasks and metamemory (Kester et al., 2002). For motor 

learning elderly seem (naturally) less adapt to perform motor tasks and thusly perform less 

accurate; but there are no significant differences when it comes down to simply learning motor 

sequences.  

When older and younger adults were asked to imagine walking a route of an unfamiliar 

neighbourhood, that was presented on a slide with marked landmarks and later turned into a task 

of recalling the route, older adults were less likely to recall in sequential order of the landmarks 

(Lipman, 1991). Older adults were more likely recalling salient landmarks and associations. 

Learning the spatial structure of a new environment is thusly harder for the older population.  

The inconsistency effect, that is being able to notice items inconsistent with expected settings, is 

not attributed to an age decline. In particular older adults has a nominal effect larger than 

younger adults in recognition tasks; the effect is not as pronounced in free call (McDaniel, 

Einstein & Jacoby, 2008). Further findings on the isolation effects – which predict that 

incongruent items are easier to remember – suggest that older adults are as good as younger 

adults at noticing differences under conditions which are according to other abilities of older 

adults (McDaniel, Einstein & Jacoby, 2008). 



36 
 

Priming can be divided into perceptual and conceptual priming were the first is when repeated 

presentation of something facilitates perceptual processing and the second is when repeated 

presentation facilitates the processing of meaning of stimulus (Eysenck & Keane, 2010, p.273). 

People with AD display deficit conceptual priming but an intact perceptual priming. Unconscious 

priming effect appear to be intact or just slightly declined in elderly which means that they are 

unconsciously affected by previous experience; on the other hand when the priming are to be 

used consciously (i.e., cued recall) elderly are significantly impaired. This relates to the ideas of 

binding, as described in a previous chapter. Scientific findings on decline of priming abilities 

suggest that the impairment may be more attributable to retrieval rather than encoding phase. 

Semantic memory seems to remain intact in elderly – even the ability to learn new semantic 

information. An exception to the intact semantic memory is retrieval of familiar words; elderly 

use more ambiguous references, and elderly further experience significantly more tip-of-the-

tongue moments (Kester et al., 2002) and have general problems of finding words such as names, 

dates and specific words which has been attributed to decline in working memory capacity 

(Singh, 2000).  Interestingly elderly benefit, as much as younger people, of phonological cues 

(Kester et al., 2002). 

Source memory appears to decline, but sometimes appears intact because ―elderly strategically deploy 

their more limited mnemonic skills‖ (Kester et al., 2002, p.556). Marsh, Hicks, Cook and Mayhorn 

(2007) investigated the consequences of this by letting younger and older adults perform a task A 

and a task B. Task A was to be performed when a target cue appeared and Task B when the 

target cue appeared for the second time when Task A had been successfully completed. Overall 

younger adults remembered their past actions better but there were no difference in responding 

to the prospective cue. Older adults were more likely to perform Task A the second occurrence 

of the cue, believing that they never performed the first time despite they had. On the other 

hand, younger adults were more likely performing Task B believing that they had performed Task 

A even though they never had. Evidence like this does not indicate a global decline of output 

monitoring in prospective memory tasks even though it is a qualitative difference. This task is 

harder than a normal event-based prospective memory task. In such tasks older adults generally 

perform as good as control group (Marsh, Hicks, Cook and Mayhorn, 2007). But this task 

involves two parts, first identifying the cue for prospective memory and second deciding 

retrospectively if such actions have been performed earlier (Marsh, Hicks, Cook and Mayhorn, 

2007). Marsh et al. (2007) hypothesize that the results ―are likely to be influenced by either forgetting an 

association between one‟s action (or lack thereof) and the item itself, or they are the result of never having formed the 

association in the first place‖. This is comparable with recent ideas of binding problems described 

earlier. Marsh et al. (2007, p.185) further write: ―In everyday prospective memory tasks, we rarely think to 

ourselves that we need to associate the person with the message we are delivering when an intention is successfully 

fulfilled. However, the data and theory put forth here suggest that older adults would benefit from trying to develop 

such associations.‖ It is necessary to establish a context that promotes or provides with associations. 

The activation of frontal cortex predicts performance on tasks on source memory and free 

recall/recognition in word lists where high-activated older adults perform as good as younger 

adults (McDaniel, Einstein & Jacoby, 2008). Importantly these studies on word list has not 

investigated differences between younger adults, a relative difference similar to older adults is 

possible (McDaniel, Einstein & Jacoby, 2008). In more complex scenarios of scenes the 
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performance of older is once again predicted by the functioning of the frontal cortex. In the case 

of crime scenes, special cognitive interviews focusing on contextual reinstatement, multiple 

retrieval paths and repeated recall can enhance the number of correct recalls but will also enhance 

the number of incorrect recalls. Incorrect recalls vary accordingly with a lower activation of 

frontal areas; interestingly for a standard police interview no such relation exist for incorrect 

recall (McDaniel, Einstein & Jacoby, 2008). 

Studies on personality suggest that prolonged neuroticism predicts memory performance, 

particularly on episodic memory tasks. This is in line with findings suggesting that neuroticism is 

associated with symptoms of AD but as there is no relation between the neurological pathology 

associated with AD neuroticism is most likely associated with a decline in resilience of the 

memory system (McDaniel, Einstein & Jacoby, 2008).  

Reliance on residual skills and the external environment 
As mentioned in previous chapter compensatory behaviour is common for the loss or decline of 

skills. Recent findings in neuroimaging signal that a decline of activation in an area is also 

associated with an increase of activation in another area. This is commonly known as functional 

compensation (Luria, 1963; Dennis & Cabeza, 2008). Visually related tasks show decrease in 

activity in the occipital lobe and increase of activity in prefrontal areas as a factor of age. Further 

findings tap that older adults sometimes compensate by frontal bilateralism, this is more common 

in high-performing individuals (Dennis & Cabeza, 2008). Older adults also compensate by 

increased usage of an adjacent area as in the case of tasks in familiarity and recollection were 

older adults show an decrease in activation in the hippocampus (associated with recollection) and 

an increase of activation in the parahippocampal gyrus (associated with familiarity) (Dennis & 

Cabeza, 2008). Older adults seem therefore to rely more on familiarity. As elderly rely more on 

internal representation an aid would be something that aids them in recognizing when there is a 

mismatch between the internal representation and reality. Even though older adults display these 

compensatory patterns of activation it is likely that they come with costs. One possible 

explanation is that the cost includes a more common inability of dual tasking (Dennis & Cabeza, 

2008). 

McDaniel, Einstein & Jacoby (2008) consider alternative factors relevant for maintaining memory 

function related with age. People with hearing problems compensate their sensory deficit by 

increasing additional resources of perceiving words; this negatively affects the ability to 

remember. This is true both for younger and older subjects, even though hearing problems are 

more commonly age-related (McDaniel, Einstein & Jacoby, 2008) and therefore important for the 

inquiry of this thesis.  

Prospective memory also shows a general decline, but interestingly it is a discrepancy between 

laboratory and real-life studies. In laboratory the decline is a fact but in real-life elderly do not 

necessarily perform any worse than young people. A possible explanation is that older adults live 

more structured lives (McDaniel, Einstein & Jacoby, 2008). Event-based prospective memory is 

spared because according to McDaniel, Einstein and Jacoby (2008) it is based on ―reflexive 

associative retrieval‖, that shows no age-related effects. Time-based prospective memory is generally 

spared in naturalistic settings when older adults are allowed to use external memory aids such as 

calendars. But a study by Kvavilashvili and Fisher (2007) even suggest that it is spared in 
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naturalistic settings when older adults are told not to use aids. In the study participants were 

given a task on Monday to call the experimenter on Sunday on a specific time. Participants were 

also told to write in a diary everytime they reminded themselves of performing the task. These 

reminders were significantly more likely to occur when confronted with an associated cue like 

―seeing a telephone, hearing a telephone ring, or even hearing the word ―memory‖. This was true 

both for younger and older adults and both groups showed a J-curve, which means that most 

reminders occur on the day of the intended action. According to this study there is no difference 

in strategic choice in natural setting between older and younger adults but they did find a 

difference of motivation, were older adults were more motivated to perform. This suggests that 

prospective memory seldom rely on self-initiated deliberate reminders, they are cued or simply 

pop into one‘s mind (Kvavilashvili and Fisher, 2007). This also suggest, according to 

Kvavilashvili and Fisher (2007), that we have some kind of internal clock, but in this case it can 

be argued for some scepticism because the lack of knowledge of implicit cueing. The authors 

suggest that the combination of a highly motivated task together with a familiar everyday task 

make older adults to perform comparable to (and even outperform) younger adults. 

Tasks of prospective memory use resources even when the task is not to be executed (Eysenck & 

Keane, 2010). This means if you have an upcoming prospective task this will affect the way you 

execute tasks until that prospective task is done.  But it seems unlikely that every upcoming task 

affects the present in such way (Eysenck & Keane, 2010). Einstein and McDaniel (2005) propose 

that prospective memory is a multi-process phenomenon which includes spontaneous responses 

to cues in the environment; such processes of monitoring would be less demanding. Such 

spontaneous process is strongest if the association between the cue and the action is strong and 

salient enough. Further, Einstein and McDaniel (2005) make a difference between processing that 

is focal in relation to the current ongoing task, predicting that older adults will perform as good 

as younger adults if this is the case. This shares commonalities with the way of thinking of 

Dismukes and Nowinski (2006) and of the idea that older adults have a larger contextual fan. The 

difference is that Dismukes and Nowinski speak about a regarded highly complex environment 

but Einstein and McDaniel speak about the everyday environment. In an experiment the gap 

between younger and older adults was greatest when the prospective task were nonfocal to the 

ongoing task (Einstein & McDaniel, 2005). 

In a series of studies as described by Woods (2002, p.744-745) the use of photographs and 

pictures of past events were tested for improving conversational skills for people with dementia. 

The conversation partner was encouraged to use the aid in the conversation, which proved 

significantly helpful for the subject in tying the knots together. In this case, ―although the aid is 

described as a prosthesis, it appears to be effective in prompting a number of memories related to each item, rather 

than simply acting as a replacement memory store for the specific information contained therein” (Woods, 2002, 

p.745). 

As already mentioned, older adults use the external environment more than younger adults to 

remember. Studies mentioned above shows that older adults rely on subtle cues of the 

environment rather than explicit forms of aids. This is different from classical studies of aids that 

study the deliberate usage of the external environment, for instance those listed by Intons-

Peterson and Fournier (1986). Cavanaugh, Grady and Perlmutter (1983) said that elderly are more 

inclined to fail on remembering, therefore they use memory aids more often. Harris (1978) found 
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a more frequent use of external memory aids on the older population and also found that the 

usage was more frequent for prospective remembering. Intons-Peterson and Fournier (1986) says 

external aids may be considered more reliable than internal aids; therefore they may be used more 

frequently than internal aids. Einstein, McDaniel, Richardson, Guynn and Cunfer (1995) said that 

this could be because older adults have problems with self-initiated retrieval processes. But the 

findings that the older population uses the external environment explicitly more than the younger 

population is not conclusive. Long, Cameron, Harju, Lutz and Means (1999) partly falsified 

Harris (1978) findings: they focused solely on prospective memory and found that the use of 

external aids was most prominent in the middle-ages (40-59) and also that this was a function of 

higher prospective memory demands. Further, the increase could largely be coupled with the 

female sex. Women reported both using significantly more external and internal memory aids 

compared with men. I presume, once again, most likely due to higher prospective memory 

demands. It should be said that Harris (1978) study was done through interviews and Long et al:s 

(1999) study through a self-reported questionnaire. These findings must be put in relation to the 

fact that humans not always use the environment in explicit ways or through explicit strategies. 

Therefore the methods by Harris (1978) and Long et al. (1999) would just explain part of the 

truth. But importantly as found by Long et al. (1999) the usage of memory aids is not just under 

the influence of internal changes but, as according to compensatory behaviour, also influenced by 

external demands. 

Despite elderly people being more inclined to use memory aids they are on the other hand less 

likely to choose memory aids over other kinds of aids. In a study by Karen, Lindernberger, 

Freund and Baltes (2001) elderly and a control group did a walking experiment where they were 

to perform memory tasks while walking. When given an option between a walking aid and a 

memory aid to help them in their performance elderly people mostly picked the walking aid. It 

could be argued that the findings of Karen et al. (2001) imply that picking a memory aid is of a 

more delicate kind than the choice of picking a walking aid.  

A real and a fictive decline and other explanations 
Older adult‘s metamemory is not completely accurate. Elderly are more likely complaining about 

their memory impairment; however, longitudinal studies show that a decline in ability does not 

necessarily come with more complaints (Kester et al., 2002). This hints that the subjective sense 

of memory abilities is important. For example, deemphasizing the memory component and 

emphasizing the knowledge component in experimental remembering tasks of truth values of a 

trivia statement eliminates the difference between young and old (Kester et al., 2002). 

Consider for example the experiment by Levy (1996) that exposed two groups of older adults 

with different primes. The first group was primed with senile statements of elderly and the 

second group with wisdom statements of elderly. The results were significant, those exposed to 

negative statements of their age group performed worse on memory tasks than a baseline, 

compared to those who were exposed to positive statements that increased their performance. 

This was true for everyone above the age of 60. The decline of memory performance is therefore 

to some extent a construct of society; memory deficits are to some extent a result of stereotypes. 

It is commonly known that memory performance decrease with age, which also carry that people 

believe that the performance decrease with age. The belief of memory efficacy and memory 
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control predicts memory performance in older subjects; this has been clarified by cross-cultural 

studies where Asian countries has less negative stereotypes on aging and thusly perform better on 

memory tasks compared to western countries (McDaniel, Einstein & Jacoby, 2008). Even though 

the evidence is there for a negative stereotype as the findings above, the findings on the effects of 

positive stereotypes are less consistent (McDaniel, Einstein & Jacoby, 2008). It is further likely 

that how much a stereotype predicts performance depends on personality. Findings by Pearman 

and Storandt (2004) conclude that complaints of memory are better predicted by personality than 

tests of memory performance. Pearman and Storandt (2004) investigated 283 participants (mean 

age 70.6) and found that conscientiousness, self-esteem, objective memory and neuroticism 

predicts one third of level of memory complaints, where conscientiousness was by far (0.21) the 

most notable contributor. Cognitively complex working practices as well as complex leisure 

activities also predicts memory performance in older adults (McDaniel et al., 2008, p.290). This 

suggests that the term memory aid in itself could be contra productive for its purpose.  

Intraindividual variability 
In the last section some aspects that could predict memory performance was attributed to 

individual differences. But there are more aspects of variability worthy consideration. Individuals 

can be measured upon three dimensions (Hultsch, Strauss, Hunter & MacDonald, 2008): (1) 

Measuring differences between people in single tasks, referred to as individual differences. (2) 

Measuring one person on several different tasks, referred to as intraindividual differences. (3) 

Measuring one person on one task over several occasions, referred to as intraindividual 

variability. Classical studies on cognition have been followed by the bias that cognition is 

intraindividually stable over time. The nature of human cognition is different, where concepts of 

stability and variability are highly related and connected (Hultsch, Strauss, Hunter & MacDonald, 

2008).  Cognition studied from a developmental perspective has often viewed this as evident as it 

is in the nature of development to have the feature of dynamic change over time, otherwise 

development would not be. A further distinction is between intraindividual change and 

intraindividual variability where the former are changes over a larger time span and the latter is 

mere fluctuations. But fluctuations can be modelled as dynamically juxtaposed on changes. A 

change can be due to variabilities and variability can be due to a change. Some findings suggest 

older adults memory functioning is affected by circadian arousal patterns predicting that older 

adults has a peak performance in early to mid-morning (McDaniel, Einstein & Jacoby, 2008). I 

assume that the fluctuating performance of elderly (or anyone for that matter) is evident for 

someone working in the domain of the home healthcare services. What is an easy cognitive task 

one day or one morning is not easy the next day or during afternoon. 

Intraindividual variability can be plotted on several dimensions (as described by Hultsch, Strauss, 

Hunter & MacDonald, 2008): Timescale: variability can behave differently depending on the 

choice of time frame. Older adults show twice as large variability across trials than across weeks 

(on a response time task); suggesting that it is somewhat different mechanisms in operation for 

them both. Source of influence: it is possible to locate the source of influence on a scale from 

mere neurological causes to more affective or somatic states, with a more external cause. In 

relation to the former dimension, neurological dynamics is more likely to be the cause for shorter 

time frames, while external sources are more likely to operate on larger time frames. Stress is for 

example a predictor for slower response times and therefore produces inconsistencies in 
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performance. Scope: a difference between univariate changes and multivariate changes is 

important and once again they can be plotted on a scale where univariate changes on more simple 

functions operate on shorter time frames while multivariate changes (e.g. transformation of 

organization) operate on longer time frames. Adaptive/Maladaptive Variability: variability 

across time in children is seen as adaptive, imperative for development where variability for the 

acquisition of a skill is different from variability in the performance of an already acquisitive skill. 

This seems also to be the case for adults and older adults, where large variability on learning 

sessions on several different cognitive tasks is positively correlated with the learning curve and 

variability on already learned skills are correlated with maladaptive performance. Cyclicality: as 

earlier mentioned variability sometimes comes with cyclicality, as with the circadian rhythm, and 

even the hormonal rhythm. Even if it appear as for example the circadian rhythm comes with 

peak-times, where the cognitive is at its utmost performance, findings also suggest that explicit 

tasks indeed follow this pattern, but that performance on implicit tasks mirror the curve of the 

explicit. This is of course a challenge for interventions for any cognitive task but is also a 

challenge on the science on human performance in general. 

Increased variability is also associated with conditions such as dementia, MCI and head injuries 

and can even be a proximity to death (Hultsch, Strauss, hunter & MacDonald, 2008). This 

suggests that we should expect an increased variability as a consequence of age. How important is 

it to adhere to intraindividual variability in the design of external memory aids? Studies have 

measured the importance of intraindividual differences in relation to interindividual differences 

and results show that the former is about half as important (Hultsch, Strauss, Hunter & 

MacDonald, 2008, p.499). But as they do increase with age it becomes increasingly important. 

With regard to above findings it is important to view these variations as normal and not errors of 

performance. Cognitive variability remains a highly neglected area of research. 

Decline as a shift of control 
Bouazzaoui, Isingrini, Fay, Angel, Vanneste, Clarys and Taconnet (2010) looked into the matter 

of executive functions and its relation to internal versus external memory strategies. Specifically 

they wanted to see if there were any age-related changes related to the three concepts. As other 

studies already have suggested they found an increase of external memory strategies as a function 

of age. But they also found a significant relation between self-reported internal memory strategies 

and scores on executive functioning tests. The scores on the test for executive functioning 

explained 18 % of variance in the use of internal memory strategies suggesting that a large 

portion of the self-reported internal mechanisms is due to a general executive ability. Bouazzaoui 

et al. (2010) says this suggests the increasing use of external strategies is there to cope with the 

everyday memory impairment due to aging. The study, according to Bouazzaoui et al. (2010), also 

adds validity to the self-reported memory strategies as they are related to other abilities in the 

brain. At least their study add validity to the relation between the self-reported internal memory 

ability and the actual internal executive ability, but whether the self-reported use of the external 

environment is correct remains, what I can see, unknown. 

It is important in any study of memory to make delineation between automatic and controlled 

processes. Automatic process are likely not as age-attributed as controlled processes. Older adults 

are known for repeating themselves, likely to activate a process that increases the possibility of 
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familiarity. Jacoby (1999) investigated repetition and gave older and younger adults a list of words 

to read aloud, one, two or three times and a following list of words to hear that they would later 

remember by recognition. For older adults, false recognition of words that did not appear in the 

hearing but in the reading session increased by the increase of repetition of the reading aloud 

session. For younger adults the opposite was found. A following study managed to show that 

when younger adults were asked to respond quickly they also displayed the effect of repetition on 

false recognition. This suggests that automatic processes are relatively intact in older adults but 

that they are more sensitive to interference and that similar problems can be simulated in younger 

adults under pressure. It is possible to explain these findings in terms of accessibility bias and lack 

of cognitive control. Jacoby, Bishara, Hessels and Toth (2005) also found that older adults are 

more suggestive for priming of misleading information. Importantly such findings are also known 

in the general population (see for instance Loftus, 1975) and sources of misinformation in the 

younger population are generally the same as what characterize the functioning of the older 

population (Jacoby, Bishara, Hessels & Toth, 2005). Older adults as a group are more vulnerable 

and they are more likely claiming they subjectively remember when they have been primed with 

false recognition, as compared to younger adults which capture the gist of themselves guessing 

(Jacoby, Bishara, Hessels & Toth, 2005). Older adults have therefore a lower threshold for 

claiming that they falsely remember something that has been derived from a cue and not from 

their internal memory process (recollection). This relates to older adults ability of risk-judgment 

(Jacoby, Bishara, Hessels & Toth, 2005, p.145): ―Training older adults to better adjust their responding 

should focus on their ability to evaluate potential responses after they are brought to mind. However, our results 

suggest that deficient cue specification in the form of capture may be a more common basis for false remembering and 

might also be most important for failures to adjust responding to accord with risks.‖ This also related to the 

previous section of older people compensate for their decline. McDaniel, Einstein and Jacoby 

(2008, p.285) writes: ―Those who are well organized can rely on automatic influences of memory, largely 

avoiding negative consequences of decline in cognitive control – so long as they are not in nonroutine situations, faced 

with high interference‖ 

In line with the previous scientific establishment of the term of executive functioning Braver and 

West (2008) review the modelling of the effects of age on cognition within a goal maintenance 

framework. Older adults are thusly said to show a decline in the ability of representing, updating 

and maintaining task-related goals. As compared to classical concepts of cognition this 

framework spans over several cognitive domains. The development of a scientific framework of 

executive functioning is in an early stage (Braver & West, 2008). But the modelling of changes in 

cognition as changes of executive functions and control functions is the zeitgeist of current 

scientific turns. 

Developmental psychology and lifespan theories 
The connective area between development and aging in cognitive science has been neglected. 

Theories of development start with children and end in adolescence while theories of aging start 

with adults and end with older adults; and this is despite the few studies that mention the areas 

under the same framework see several qualitative similarities of them both (Craik & Bialystok, 

2008). The aspect of variability is one such similarity. Craik and Bialystok (2008) explain a theme 

where the lifespan cognitive development can be understood in terms of internal changes of 
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representational structures and control systems in relation to environmental context (see figure 

4).  

 

Figure 4: General components of a lifespan perspective of cognition (Craik & Bialystok, 2008) 

In line with Vygotsky (1978) the contextual part of this trinity involves social and cultural aspects. 

Craik and Bialystok (2008) write (p.559): ―Young children (like simple animals perhaps) are heavily affected 

by the current environment to influence feelings, thoughts, and behaviour, but as they mature and accumulate 

internal representations such thoughts and behaviours are progressively more dominated by these internal schemes. 

[…] Environmental support again becomes progressively more necessary at older ages, both to complement self-

initiated behaviours that are difficult to manage, and to guide thoughts and actions appropriately.” This is also in 

line with the underlying thinking of Vygotsky, that it is no real difference between developmental 

psychology and general psychology. Despite the similarity an important difference is that older 

adults rely on environmental cues as mediated through schematic habits (Craik & Bialystok, 

2008). They argue that the formation of representational structures play an important role early in 

development but as the formation is finished a control system is more important to guide the 

subject within these structures; and finally as the aging progress and a decline of control come 

forward the representational structures again become dominant. This does not mean the older 

adults (or children) have a pertinent lack of control; just that it is the general tendency; and also 

this is not say that development is simply reversed with age (Craik & Bialystok, 2008). 

From a developmental perspective it appears as if some forms of memory processes are more 

primitive than others, such as procedural or implicit knowledge. Craik and Bialystok (2008) say 

that findings in general implicate that these primitive forms are the last forms of knowledge to 

give in with age. In accordance of their trinity-model Craik and Bialystok (2008) mean that this 

decrease of explicit memory can be attributed to either a change of quality of representation or an 

insufficient control process that is unable to bind event with context in a conscious manner. 

Once again the change is related to the binding of information. Semantic memory is the one form 

of memory that remains stable with increased age. But one important difference is that the ability 

External context 

Representations Control systems 
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to learn new information declines with age but the crystallized intelligence and learning 

information that fits knowledge structures is intact (Craik & Bialystok, 2008). Through a lifespan 

perspective the level of specificity of stored information goes from ―verbatim to gist, to conceptual 

plus specific, to abstract/general‖ (Craik & Bialystok, 2008). Once again this is by Craik and Bialystok 

(2008) attributed to the decline of control processes that result in a process that access the easiest 

information first, namely the abstract/general. Episodic memory ability peak at the age of 25-30 

and thereafter shows a steady decline (Craik & Bialystok, 2008). Strategies for memory 

performance like the loci method generally show little or no effect on children below the age of 

10 and older adults, in the case of them both most likely because it is time consuming and 

effortful (Craik & Bialystok, 2008). Even though it is possible to learn older adults memory 

strategies they seldom or never generalize to everyday situations (Craik & Bialystok, 2008). Once 

again remembering is highly influenced by context and memory performance is best when the 

environment cues the subject to initiate remembering. This is similar to young children were the 

mother highly cues the child what to remember.  

Enns and Trick (2006) proposes a framework for the lifespan change and individual differences 

of attentive performance, including two dimensions: the automatic-controlled and the 

exogenous-endogenous. These dimensions generate four types of selection of action: 

Reflex: ―innately specified, triggered by stimuli given priority by the nervous 

system, unconscious, automatic, fast, obligatory, effortless, avoided only with 

deliberation, emerges on a developmental timetable, stable once acquired.‖ 

Habit: ―learned when goal repeated in specific environment, triggered by stimuli 

associated with specific goals in past, unconscious, automatic, fast, obligatory, 

effortless, avoided only with deliberation, can emerge at any time, can fade or be 

replaced at any time – strength varies with practice.‖ 

Exploration: ―innately specified generic goal for novel situations, default mode for 

controlled processing, conscious, controlled, slow, optional, effortful, occurs when 

the only goal is exploration, generic goal easily replaced by specific goal (switch to 

deliberation).‖ 

Deliberation: ―goal is internally generated and specific to the individual and 

context, occurs when individual are carrying out specific goals in a specific context, 

conscious, controlled, slow, optional, effortful, specific goals change at will, but 

switched in goals take time, needed to overcome unwanted automatic processes, 

interferes with other deliberately selected goals.‖ 

Deliberation, but also habit will show change and idiosyncrasy across the lifespan and most 

variability because they rely on goals for specific situations; also exploration will show change 

because, just like deliberation, it relies on controlled processes (Enns & Trick, 2006).  This 

framework fits with the trinity of Craik and Bialystok (2008) and also with the Friedman‘s (1979) 

idea that both bottom-up and top-down processes are involved in many situations and it is a 

matter of degree if something belongs to a category or not. Even if the trinity proposed by Craik 

and Bialystok (2008) is a rather general model it does seem to follow a predictable course through 

the lifespan and relates to changes in the brain which is in line with contemporary cognitive 
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psychology. Further findings should specify the model according to the complexity it tries to 

model (Craik and Bialystok, 2008). The development in children and the decline in older adults 

share some mechanisms meanwhile they are profoundly different in some aspects.  Although 

Craik and Bialystok (1998) affirm the importance of the external context they focus their analysis 

on internal representational structures and control systems. But the external is important and if 

their model should be complete an analysis should involve all of them. Vygotsky (1978, p.46) 

writes: 

―When a human being ties a knot in her handkerchief as a reminder, she is, 

in essence, constructing the process of memorizing by forcing an external 

object to remind her of something; she transforms remembering into an 

external activity. […] In the elementary form something is remembered; in 

the higher form humans remember something. In the first case a temporary 

link is formed owing to the simultaneous occurrence of two stimuli that 

affect the organism; in the second case humans personally create a 

temporary link through an artificial combination of stimuli. […] It may be 

said that the basic characteristic of human behaviour in general is that 

humans personally influence their relations with the environment and 

through that environment personally change their behaviour, subjugating it 

to their control.‖  

As a final note on a lifespan perspective it is important to realize that traditionally cognitive 

science has focused on the mental but Hendrie et al. (2006) found several factors related to the 

mental that were predictive of the maintenance of cognitive functions. Some of them are:  (1) 

Increased levels of mental activity: for instance educational level is predictive and nurtures the 

idea of a cognitive reserve but it remains unclear of what underlying factors that adds to the 

reserve. (2) Increased levels of physical activity: this relates to the control of vascular risk factors 

below. Increased blood flow which leads to oxygenation of the brain, capillary development, 

levels of serotonin and acetylcholine, density of dopamine receptors, neurotrophic proteins and 

decreases of amyloid plaques are among the findings which relates physical activity to cognitive 

functioning (McDaniel, Einstein & Jacoby, 2008). It is still possible that it is cognitive decline that 

reduce physical activity but findings suggest that the relation of cause and effect show a physical 

to cognitive relationship (McDaniel, Einstein & Jacoby, 2008). (3) Increased social engagement, 

for instance a good psychosocial environment, is predictive but also the belief that one can 

handle the instruments of daily life is predictive for cognitive performance. This relates to 

perceived problems with memory as noted earlier. (4) Control of vascular risk factors: for 

instance some studies have found relations between cognitive performance and BMI and 

cognitive performance and blood pressure.   

Interestingly cognitive performance was highly related to emotional outcomes suggesting that it is 

either a bidirectional relationship of them both or that they operate on same neurobiological 

structures (Hendrie et al., 2006). From a control perspective these kinds of findings suggest a 

more holistic viewpoint on changes. Efforts in these areas can be seen as indirect interventions of 

cognitive functions. Holistic explanations like above are as we will see in the chapter about 

interventions not generally considered as interventions. It is generally considered that memory is 

an internal structure (as said) that is distinguishable from other functions. 
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Atypical decline of memory abilities in the aging 

population 
Older adults display a larger individual difference effect on performance on memory tasks, but 

the factors involved are relatively unknown. Some call for that some of these variations can be 

undetected Alzheimer-development, but compared to the normal decline of memory abilities 

subcortical dementia consists more significantly of ―slowed mentation, sustained attention and working 

memory deficits, forgetfulness, impaired planning and judgment, and changes in drive and/or mood states‖ 

(Brandt & Munro, 2002, s.591). The word subcortical in this type of dementia should not be 

interpreted literally and is therefore not an anatomical entity as the word insinuate. Impairment in 

subcortical areas also manifest in cortical areas because naturally there are connections. The word 

cortical dementia is clinically commonly described as a prototype of AD (Brandt & Munro, 

2002). The diagnostic and statistical manual of mental disorders (American Psychiatric 

Association [DSM-IV-TR], 2000, p.135) on the other hand defines dementia as the equivalent of 

an impairment of memory with impairment in another cognitive domain. In general - with regard 

to the text above – the following may in classical terms conclude impairment of people with 

subcortical dementia (Brandt & Munro, 2002, p.606): (1) impairment in anterograde learning and 

memory (in a milder form than AD), (2) free recall, as compared to recognition, in new learning 

is more impaired (the relative difference is greater than for AD), (3) working memory is more 

impaired than memory storage which could be an explanation for impairment on episodic 

memory tasks, (4) memory impairment is worse in those that also has a neurological disease, for 

example a sensory or motor deficit. 

There is a definition issue in the use of concepts and syndromes; in recent years as noted, yet 

another concept has established. Mild Cognitive Impairment (MCI) is a syndrome in the 

borderland between normal decline attributed to aging and dementia and AD. Studies with fMRI 

shows that people diagnosed with MCI compared to normal subjects activate other parts of the 

brain in autobiographical memory tasks (Poettrich, Weiss, Werner, Lux, Donix, Gerber, 

Kummer, Fink & Holthoff, 2009). As a syndrome on its own MCI has developed further 

definitional subcriterias; it is now common to draw a line between amnestic MCI and 

nonamnestic MCI were the amnestic MCI strongly correlates with the development of AD 

(Poettrich et al., 2009). Such differentiation is fruitful for the understanding and treatment of 

memory impairment and is the challenge of contemporary neuroscience; simply stating 

subcortical dementia is a blurry end, especially when there is plenty other disorders with different 

morbid anatomy and physiology that appear to cause subcortical dementia (Brandt & Munro, 

2002). Qualitatively, therefore, the dementia is different and the intervention of qualitatively 

different dementia should likely also be qualitatively different. Studies on emotional processing 

and AD suggest that people with AD process emotions such as faces as good as normal subjects 

but perform worse on tasks of interpretation of situational information (Albert, 2008).  

In the area of everyday functions a common distinction is between (a) activities of daily living 

(ADL) and (b) instrumental activities of daily living (IADL). ADL is activities that are basic, like 

feeding, bathing, toileting and basic mobility and IADL is more complex activities, like managing 

medication, managing finances, using transportation, using the telephone, housekeeping, meal 

preparation and nutrition. It is generally IADL that is of interest for aging because they are 
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related to further decline such as AD (Hultsch, Strauss, Hunter & MacDonald, 2008, p.525). A 

further ramification of functioning is (c) enhanced activities of daily living (EADL) (Rogers & 

Fisk, 2006). This category involves activities that contribute to quality of life and is likely the most 

cognitively demanding type of activity (Rogers & Fisk, 2006). The search of the boundary 

between normal aging and development of MCI and AD is promising and as the development of 

disease-modifying agents for AD becomes available the time for interventions will be early in the 

development of AD, in subjects appearing normal (Albert, 2008). The area of dementia has 

evolved, so much that it is most likely that in DSM-V (planned to be published may 2013) 

dementia will not exist. The chapter ―Delirium, Dementia and Amnestic and Other Cognitive 

Disorders‖ (DSM-IV-TR, 2000, p.135) will be replaced with ―Neurocognitive Disorders‖, with 

the subchapters ―Delirium‖ ―Mild Neurocognitive Disorders‖ (similar to MCI as described 

above) and ―Major Neurocognitive Disorders‖ (as a replacer for dementia), that in turn is 

associated with types of diseases, injuries, uses or degeneration of specific brain areas. In relation 

to what said above, AD remains, as well as fronto-temporal lobar degeneration (earlier associated 

with dementia).  See DSM5.org for an overview of the proposed outline 1 . An important 

difference between dementia and major neurocognitive disorder is that memory does not need to 

be impaired.  

In relevance for this thesis DSM-V indeed take a more practical stance focusing more on 

performance: for something to be a mild neurocognitive disorder the deficit should be 

insufficient to interfere with independence of IADL, although they note that greater effort, 

compensatory strategies etc. may be needed for independence. Meanwhile one of the criteria for 

major neurocognitive disorder is that diagnosed individuals need assistance with IADL. This 

definition presume that activities of the daily life like medication, managing finances, using 

transportation etcetera is of no compensatory need in the typical population. Even though I think 

a large part of the activities described as IADL is managed by typical older individuals, I also 

think that they are often embedded in a social context of relatives and friends that help each 

other in less obvious ways; where none of them would receive the diagnose of a neurocognitive 

disorder. I remain confound about what assistance is, and anyone working in the home 

healthcare know that assistance is necessary if the contextual social world and internal wiring of 

the individual carry a mismatch with needs. From the definition by DSM-V it is possible to 

foresee that anyone listed in the home healthcare will increase its risk of being diagnosed with 

cognitive decline. What assistance is will be a forthcoming issue in this thesis.   

Concluding 
According to traditional terms of memory it appears that some aspects decline, but the findings 

are inconsistent and are suggesting that many declines can be eliminated by strategies, or the 

common use of an external environment. Some findings suggest that older adults can benefit 

from forming association, or a context that helps them form associations. Further, source 

memory in older adults is impaired and would therefore benefit from aids that can help them 

track errors of source memory. Importantly many of these differences show large individual 

differences; where the activation of the frontal cortex is predictive on performance of older 

                                                 
1 http://www.dsm5.org/ProposedRevision/Pages/NeurocognitiveDisorders.aspx 
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adults. Highly-active older adults are as good as the normal population. The search of the 

boundary between normal aging and development of MCI and AD is promising and is important 

if we are to predict the needs of individuals. Remembering is highly influenced by context, and 

performance is best when the environment cues the subject to remember. Prospective memory 

follows a route of decline, but the difference is not that evident if the older adults are allowed to 

perform in real life. Reminders (both for the younger and older population) are often cued, often 

subtly cued, and if a task is motivated, familiar and focal to the ongoing task older adults 

outperform the younger population. Further, there appear to be some similarities of describing 

the work of cues and aids of everyday situations and complex environment such as cockpits. Is it 

possible that the everyday environment is complex? 

Older adults seem to rely more on familiarity and internal representations of the world and 

therefore in general what older adults would benefit from is a note on when their internal 

representation mismatch with reality. Like everyone else I presume. Some studies try to model 

the whole lifespan cognitive development in terms of control systems, representations and 

external context. The model includes recent findings on the study of memory without using the 

term memory. This model predicts that older adults rely more on representations than control, 

suggesting that control is the issue of older adult‘s cognitive performance. The model is so far 

general and needs specification, especially when it comes to the role of the external world. Older 

adults in the western population are sensitive to negative stereotypes of memory failures and 

therefore older adults, especially some personality types, are more sensitive to the word memory 

tasks itself. This is despite the fact that the normal population also has problems with memory, 

very much similar to those of the older population.  

As described in the section of natural memory, cognition does not perform on a constant level. 

Intraindividual variability has been a neglected area and the older population shows variability on 

different time frames. Modelling with regard to an everchanging performance is challenging and 

has likely been neglected because of that. An all-inclusive view on cognitive performance should 

note that there are various predictive factors that do not in scientific terms relate to memory 

concepts, but nevertheless are important if we are to understand memory performance from a 

more holistic viewpoint. Finally, it should be remembered that problems of memory is not just 

about reminiscence. It is also about generalization of and forming coupling between knowledge. 

The next chapter offers some empirical seeds on remembering in the daily lives of older adults. 
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Compensation in real life 
―Every man in his lifetime needs to thank his faults. As no man thoroughly 

understands a truth until first he has contended against it, so no man has a 

thorough acquaintance with the hindrances or talents of men until he has 

suffered from the one and seen the triumph of the other over his own want 

of the same. Has he a defect of temper that unfits him to live in society? 

Thereby he is driven to entertain himself alone and acquire habits of self-

help; and thus, like the wounded oyster, he mends his shell with pearl.‖ 

(Emerson, 1900, p. 18) 

This section presents excerpts and cases from a conducted open ethnographic study on the 

everyday practice of remembering through the eyes of a healthcare assistant (to some extent 

already presented in Dahlbäck, Kristiansson, Skagerlund, Stjernberg, 2011; Kristiansson, 

Dahlbäck, Stjernberg, 2011); this to illustrate some examples from reality that do not instantly 

address the atypical, and also to consider the excerpts in the light of the two previously presented 

views of remembering. Participants (aged from 72-91) were in the range from being considered 

cognitively normal for their age to being cognitively impaired.    

Case 1: 

A has a disposable plastic envelope for her medicine. On every envelope information about the 

patient and the medicine is noted: date, time it should be taken, what tablets it contains, social 

security number and name of patient. A has diagnosed memory problems and cannot always 

remember whether the home healthcare has been on their visit to her, so she keeps the used envelope 

on her kitchen table after it has been used as a way of helping her to assure herself that they have 

been there that day.  

This envelope of information works as an external memory support and could even 

be argued being an extension of A:s memory. In this case no further information 

exists, but A has likely chosen to scaffold with the world actively in this way – 

being aware of her memory deficit. So, instead of creating a material artefact to 

compensate a deficient internal function, in this case an already existing material 

artefact is put to a new and creative use to enhance her memory. In the light of the 

traditional view of memory A appears to have a relatively intact executive 

functioning, but a less intact memory functioning. Nevertheless, what A does is not 

to alleviate the deficit, she attain to an internally formed goal and adapt herself and 

her environment to that goal, not very different from any structure formed to a 

goal by the typical population. To the alternative view on remembering this is not 

strange, but for the traditional this is truly a compensation for a deficit per se. 

Case 2:  

B has a note on the inside of her door in order to remind herself that she shouldn‟t open the door 

for strangers. The note has been put there and signed by her daughter. The note works only because 

it is pinned to the door and under the premise that the home healthcare enter with keys – it would 
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probably have been useless if it had been somewhere else or if trusted people would be unable to 

enter with key.  

Remembering is facilitated by contextual priming. But it is possible that B does not 

need the note every time the door rings because her brain is not a constant. B:s 

brain is changing from day to day, from minute to minute; some time for its worse 

some time for its better; therefore the relation between B and the note is not 

constant. From the traditional view on memory structure and processes internal 

activities are most of the time considered and modelled being firm, stable entities 

that although being somehow connected with the external environment are 

constant in their relation to the external environment. That is why it is inevitable 

for some to conclude that memory has no laws. From the alternative history of 

memory research this is evident, even though the aspiration often stops when 

explaining how.    

Case 3: 

C uses a shopping list and is not diagnosed with an impaired memory. C has other medical 

problems, and it is important for her that she finds paracetamol, and the importance of attaining 

this goal makes her drop the other goals for a while. When she has found out that paracetamol is 

to be found after the check-out, she turn calmer, but she wants me to remind her, even though 

paracetamol is on the list. After the check-out she has indeed forgotten that she was to buy 

paracetamol after the check out.  

For C it is not enough to have a note with the required important information. 

Even if she has it in her hand all the time, she forgets what she should use the 

information on it for. The ability to use the memory aid is not a guarantee that it 

will work as a memory aid during the entire execution of a task. Once again this is 

about whether a relation is constant or not, emphasizing the alternative view of 

remembering, but in favour of the traditional view is that it can explain why this 

task places a highly executive demand on the brain. The complexity of shopping is 

ever present but the intricate relation with the external world and the unsuccessful 

use of a shopping list is likely a matter of both external and internal means 

simultaneously.  

When we entered the store C stopped to decide which product to start with. They often rearrange so 

I was of no or little help for her. The product she decided to start with was not the one spatially 

first on the list. But she and I thought it was. C also read a lot on the packages. She told me that 

she wanted to find out where they were from. She became slightly frustrated of the bad marking. 

She occasionally asked me if I could see. She wanted socks of cotton, but being unable to find 

information on the product she tried to feel the material. In the end with some effort I found the 

information.  

Shopping involves several cognitive processes that overlap with memory. An 

activity is seldom attributed to specific types of internal processes. Finding out 
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information about products can be equally challenging as remembering what to 

buy.  

Case 4: 

D has an appointment at the podiatrist. She had a note with the appointment, which she had 

posted on her fridge. But she had turned the note around and written the date again, though bigger 

this time. For some unknown reason, the dates had gotten mixed up, and the wrong date had been 

transferred to her calendar.  

An external memory support is in this case as much a question of how information 

finds its way into the external memory support as how it functions as a memory 

support. Something went wrong in the process of planning her podiatrist visit; 

what is through this study unknown. If someone relies on an external entity to 

remember, that person is not completely alleviated from the process of 

remembering. Just as the internal view of memory notice the importance of 

understanding the encoding phase this case notes that even the external allocation 

of remembering is sensitive to interference during encoding. But from the 

traditional point of view versus the alternative, would this be noticed as a failure of 

memory or just a mistake by the pen? This emphasizes a process view on 

remembering that frankly need to understand the mistake by the pen as part of the 

failure of the memory process. 

It‟s about, on the day, two years ago her husband passed away. She remembers the details of every 

time they had to go to the hospital and D finds it a relief it‟s over: Even though she speaks about 

her own health she often returns to her husband‟s health and the practicalities before and after his 

passing away. Gravestones, partner agreements and so on.  D often returns to health issues. She 

received salt-heering from her sister and relates to her low salt-levels when she was lying at the 

hospital. She returns to the food subject and tells me about a couple of potatoes she bought at the 

store. D tells with admiration about the capabilities of today‟s healthcare and speaks about her 

balloon blast operation. She tells me about the specifics about the operation. She leaves the kitchen 

to get a book she got after the operation. I know she usually brings that book when speaking 

about the operation. It is a small marking on one of the picture which she refers to – where they 

performed the blast. 

That personal incentives are important for the process of remembering is from the 

alternative view of cognition commonly recognized, but is also emphasized from 

some substrates of the traditional view, like the model by Conway and Pierce of 

autobiographical memory. Health is certainly an important aspect for the lives of 

older adults – as the holistic perspective signifies – and it is therefore not odd that 

much talk is about health. The usage of the external environment also signifies that 

aspect. From a traditional viewpoint memory research has emphasized content-

specific memory system, but from an alternative and evolutionary perspective one 

must question to what degree in any given explanation content should be separated 

from purpose and incentives.  
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D shows how to clean spoons discoloured by tea with the help of baking powder. D stands by the 

sink while the daughter and I are sitting by the kitchen table. [...] The daughter notice that D 

uses the wet spoon in the powder container: “you can‟t do that, it will ferment”. D answers quickly 

and imply that it will not ferment and will not be used for baking: “yes I can, because it is old 

baking powder”. When D returns the container to the cupboard the daughter remarks that she 

shouldn‟t place it next the active baking powder. D rebel her daughter‟s suggestion and places it 

next to the active container. She stops for a moment and lift it a couple of times and says that she 

will anyway pay attention to and remember on the weight that it is the right one. The daughter 

remarks that at some point the containers will be of the same weight and they will be 

indistinguishable. D add that she anyway always test if the powder is active before baking.  

Note that, even if D refers to something like an embodied memory by saying she 

will remember the weight of the container she, in the second part of the passage, 

also refer to a cultural practice rather than embodied memory. For a younger 

generation it is not necessarily evident to test if the baking powder is active if the 

date on the package is right. Testing if the baking powder is active in this case 

exploits the power of both the embodied memory claimed by D and the physically 

structured memory in the cupboard preferred by the daughter. It is impossible 

from the material collected to prove that D actually would remember the weight of 

the baking powder later on, but the fact that she explicitly state that she will 

remember hints that the use of her body in relation to objects plays an important 

role for her. If that is so, it would be hard to say that such memory aid is either 

internal or external. That D says that she will remember the weight will perhaps at 

first be called an internal aid because it springs from the attributes of the 

representation of the non-active baking powder. But on the other hand, the aid is 

external; the attributes of the container is indeed external and the weight is to the 

touch as the spatial structure is to the eye. Despite the embodied memory or not, I 

also think it is important to see that a memory aid is not always necessary if you 

have a habit to distinguish active from non-active baking-powder by testing it. D 

often touch things, lifts and marginally moves them while watching them without 

actually restructuring them. This type of interaction is something I have noticed 

when observing several elderly people, but more frequently with some. It is like 

they actually exercise control of objects through the touching. Is it a compensation 

for something lost or do younger people also touch things but in less extent? This 

emphasizes the alternative view of memory. The traditional view would simply 

suggest that touching something is a bi-process separated from remembering. But I 

believe that it facilitates remembering in the typical, and when internal processes 

decline touching objects is a way of coping. 

D points towards a couple of paper hearts on the wall, made by her grandchild, and reminds 

herself through me that she will speak with the grandchild about taking them down as he made 

them. Of course D speaks to me at this occasion but as an observer the only reason she directs the 

utterance to me is because I am there, not because she needs to use her internality and my 

externality in combination to remind herself taking them down. 
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Intons-Peterson and Fournier (1986) mentions that some memory aids can be a 

combination of internal and external means. One of them is speaking out loud as it 

has its origin internally but works as a cue in the external environment, as a 

reminder to themselves. Intons-Peterson and Fournier (1986) example of this can 

be speaking with another person or asking someone to repeat what you just said. 

To some extent it could be argued that these are not in fact external because it is 

not very uncommon that these occasions lack an external entity. Perhaps D speaks 

out loud because it is a better reminder than internally reminding herself, like 

writing a temporary note in the air. Wittgenstein (1953) was an advocator of 

speeches as processes of thought in themselves and actions not equivalent to an 

internal process: ―Thinking is not an incorporeal process which lends life and sense to speaking, 

and which it would be possible to detach from speaking…‖ (p.109), ―When I say the ABC to 

myself, what is the criterion of my doing the same as someone else who silently repeats it to 

himself?‖ (p.117). The example of someone speaking to herself could be seen an 

extension of Wittgenstein‘s point. This emphasizes an alternative view of cognition 

where the body with senses and abilities once again is harnessed to the purpose of 

remembering. 

Case 5:  

E tried to remember my name everytime I arrived. Sometimes it came to her without effort but 

most of the time – to her frustration – it didn‟t.   

Remembering names of things and people is a documented declining ability by age. 

Occasionally E remembered my name and those times she claimed she did because 

she associated something, like my eyes, to my name. But when she did not, her 

frustration sprang from the same fact: she still knew how the association should 

work. This case is important because we know from the chapter on declining 

abilities due to aging that people rely on subtle external cues to remember, but this 

case shows that sometimes it does not matter if there is a cue. When a cue is 

enough, no further help is needed, but when it is not working, different or more 

salient cues is likely necessary. In this case why and when a cue works cannot be 

explained by neither the traditional nor the alternative view of memory. But let us 

say that we have complete knowledge of external cues, a taxonomy of cues that 

perfectly match with contextual factors, and are within the vicinity of opportunity. 

Nevertheless this taxonomy could not predict the variability of E:s brain. A 

traditional view could explain the lapse of performance due to a deficit in brain but 

it could not explain why it comes with variability. 

Case 6: 

F said she often mentally looked through the alphabet to unlock names but that it most of the time 

were of no help. In one conversation she recalled the name of a famous hockey player and I 

surprisingly asked her why she remembered that name among all names that earlier were lost for 
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both of us. The answer was simple: she once had a most peculiar dream, where the hockey player 

played a large role.   

This is an example when personal incentives are better than internal memory aids. 

Going through the alphabet is a sort of self-cueing, but self-cueing is better 

conformed to peculiar experiences or personal incentives.  

Some of the apartments are more packed with things than others. The apartment of F is literally 

full with various objects. I could tell they were from a variety of different cultures. I asked her 

about the objects in a general way: they were memories from travelling she tells me. She visually 

searches and seemingly randomly picks a pair of wooden goats from Kreta. About that trip she 

specifically remembers that at the time of returning home she got the assignment of packing the 

goats. Her mother had bought several and because of the shape of objects they were very hard to fit 

into the bag at the return home. Some of them were broken when they returned home. Her mother 

yelled at her and blamed her even though she knew that they were hard to fit into the bag. She 

retells the conversation with her mother. F was an adult at that time. She keeps on telling about 

the unjust and mean behaviour of her mother. When specifically telling about situations - memories 

of her mother‟s behaviour - she often remembers exactly what she said and retells it with a 

distorted theatrical voice. The apartment is also packed with diapositives from travels. She tells 

that one time when she had problems with her eyes she perceived them murky. It is better now but 

she is afraid if anything to lose her eyesight. She often watches her diapositives. I got the impression 

that her eyes are very important for her. She got her first camera in early teens and also asks me 

once before leaving if she could take a picture of me. When she was able to go outdoors and wrote 

shopping lists she sometimes forgot the note when leaving for store. She claimed she could still use 

imagery to picture what she had written earlier.  

That she had processed something externally helped her remember it internally, 

perhaps even more than someone not as dedicated to his or her visual sight. This 

adheres to the traditional view of memory. But the first part of this excerpt relates 

to the alternative view of memory and the importance of autotopography (Hoven, 

2004) and the idea by Campbell (2006) that the purpose of objects as cueing 

devices changes over time. From a traditional view all this would be context that 

possibly finds its way into the internal processes of remembering by unknown 

pathways.  

Case 7: 

Throughout our conversation everything G says: about the past, about what he did yesterday, what 

he will do tomorrow, how he structures his everyday, speaking about any object in his home, it 

always in the end explicitly relate to his wife. They lived together for 51 years. He tells me that he 

occasionally speaks to a photo of her. He points towards the living room. As G:s wife passed away 

the role of the photograph in the process of remembering functionally changed.  

Once again relating to Campbell (2006), in the context of mourning the 

photograph of her is more in the process of remembering than it was before. The 

autotopography dramatically changed when his wife passed away. Autotopography 
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can from this excerpt also be about many things in the daily life, like routines and 

habits, and even planning for the next day. Even though the memory of his wife 

dwells inside him an understanding of remembering would notify the importance 

of his surroundings and his everyday. Likewise the understanding of his everyday 

and remembering as a constituent in those activities must realize the role of a 

relative for the purpose of remembering. An alternative view on memory 

emphasizes remembering as social phenomena. Therefore it is not just the 

autotopography that is changed; it is the entire system of remembering that has 

changed for E.  

G told me about his daily routines. Out of bed 4.30 every morning; makes porridge, drinking 

coffee on the veranda; goes back to bed for the daily paper; sleeps an hour or so.  

Many elderly report about their daily routines. It could be that their opinion about 

how it should be and what they prefer is an idealized view of their lives. Often 

noticed is that routines are arduous to follow. Another says that some days he 

cancel his visit to the store. The ability to remember how they are to live their days 

may also be a disadvantage; as the routines becomes stronger the idea of changing 

them becomes more complicated. Habits and routines are part of the traditional 

view on memory systems but have been extensively belittled. As mentioned in 

earlier chapters remembering in the everyday is likely often about those habits we 

exercise. But habits are often in relation to what has been referred to as a more 

declarative memory.     

At E:s place I took the wrong phone when I logged into the reporting system. She worryingly called 

after me: “Where did you go?” She started to point towards the medicine locker and asked me if I 

had the keys. When I told her that I had she silently raised and walked from the TV-room into 

the bedroom next to it. I was supposed to take off her compression stockings. I realized that was 

the reason she entered her bedroom. She told exactly how I was supposed to apply the salve on her. 

Throughout she expresses insecurity when needing to tell me what I am supposed to do. Despite a 

general uneasiness she always told me what I was supposed to do. She knew the general setup of 

actions and activities; she politely protested if I was indicating another order. She receives the eye 

drops in the bedroom and not in the TV-room.  When I arrived she sat in the TV-room. I 

remember the first time I was there and I missed the first eye drop and she displayed nervousness. 

When I let her know the purpose of the visit initiation starts. She rises from her sofa and walks 

towards the kitchen. There are many non-obvious matters about the visit. For instance, why are 

the compression stockings taken off in the bedroom if she anyways returns to the sofa in front of the 

TV? Apparently that is how things are done and she displays such certainty in that is how things 

are done that I do not argue and question. 

Once again about routines, this excerpt shows the commotion about routines and 

also show how people can cooperate if routines are established. Creating and 

aiming for common goals are likely important if remembering and performance 

should be successful. In earlier chapters the arbitrariness of incentives for social 

remembering was mentioned. Goals are arbitrary but also the road towards the 

goal. People that have lived together for a long time know the common road 
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towards a goal but people that meet for the first time need to create that goal; likely 

a cognitively effortful undertaking. Once again a social view on remembering and 

coherence is important to understand how habits are formed.   

Case 8: 

H appears to be communicating with a clock when she is to remember what time her sister will 

arrive: H watched the clock concentrated – located on the wall next to the kitchen table. She 

mumbles a reflection for herself; some of the words mumbled are numbers.  

It could be that she checked the clock when planning the visit of her sister and that 

she now more easily retrieves it by looking at the clock. This can be an example of 

what Kirsh (2010) mean by anchoring. I think that she looked at the clock to 

scaffold her internal thoughts onto external structures. This intermediate between 

internal and external means cannot be explained by the traditional view of memory. 

But importantly it cannot be explained by an alternative view that does not 

emphasize the dynamical interaction between internal and external structures. 

Simply stating that something is external says nothing about the functioning of a 

clock when it is not about checking the present time. H uses the clock actively 

rather than using the information provided. This is distributed cognition in its most 

subtle form.  

Case 9: 

Walking through his apartment J occasionally stops and tells his part of the procedure when the 

cleaning service of the apartment occur. They will arrive an hour from the time of this passage: 

when we walk through the apartment he looks down a lot and out of nowhere he tells me that he 

have taken out the small carpets because they are to clean his apartment later on. He tells me 

several times but only when we are walking through the apartment. He tells me when walking into 

the living room and he tells me when we walk out of the living room. He shows me “stickan” 

(what they use when they mop the floor). He repeats the routine once more before coming to the 

kitchen.  

Walking through his apartment seems important for the process of remembering. 

First time I met J and asked him about his participation in the study he said to me 

that anytime will be fine because he does not have anything planned during the 

days. After a moment of silence he added that he prefers before noon because 

around 12:30 every day he goes to the near-by store. Why did he not remember at 

the first instance? Impossible to know from this single excerpt but it could be 

because visiting the store is a way of living, an everyday routine and not something 

that first pops out of his mind when being asked about a time he is available. As 

Bartlett (1932) suggested, among everyday habits explicit remembering is 

extraordinarily unimportant.  

The analysis of these cases and excerpts are far from systematic and complete. Hopefully these 

cases shows that it is possible to oppose the two views of remembering, but also that often it is 
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not evident the extent one view is the winner. Hypothetically this could be because the two views 

are different in their nature; for instance, the alternative view of memory offer pointers at lapses 

and misses of the traditional view while the traditional view offers explanation within a given 

entity, the brain. One must therefore question to what degree this race is artificial. This chapter is 

in opposition with the next that deals with artificial interventions of memory problems.  
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Interventions 
―A special environment must be organized for him, and the usual problem 

of adaption of the patient to the environment must be replaced by the 

opposite – adaption of the environment to the patient. In practice this leads 

to the creation of special colonies and homes where special environmental 

conditions can be provided, simplifying the demands on the patient and 

enabling him to continue his life in conditions free from unsurmountable 

difficulties‖ (Luria, 1963, p.260). 

Lurija (1963) focused on more basic forms of cognition and successfully showed how the brain 

reconfigures to changes. He also deals with so called higher order processes where Lurija ends by 

saying ―one of the most difficult sections of psychology‖ (p.222). Where Lurija could no longer intervene 

with changes in the brain he turned to the external world: ―The only way of overcoming this defect, based 

as it is on the disintegration of the internal regulation of activity, is by replacing this disintegrating internal 

regulation by external, and converting the spontaneous action into one taking place under constant external 

supervision‖ (Lurija, 1963, p.252. Of course this is coloured by the fact that Lurija dealt with 

severely injured patients of the frontal lobe areas. The direct comparison with degenerative 

abilities of the aging population should be avoided for several reasons, but the idea that the 

external environment is highly important when it comes to certain changes in the brain is indeed 

according to previous presented findings of cognitive changes in the aging population.  

The process and hindrances for assistance 
Recommendations in the literature of the design for assistance concerning memory functioning 

in the atypical population are manifold and diverse; but they also reappear with different nuances 

and intentions (see for instance Wilson, 2002:2, Singh, 2000, Rosenberg, 2010). This section will 

not consider design recommendations in specific but instead some overarching factors that 

contribute to the process towards assistance.  

Many types of assistances have aimed for intervening the decline or abruption of an internal 

memory function (Sohlberg, Kennedy, Avery, Coelho, Turkstra, Ylvisaker & Yorkston, 2007). 

But many studies also emphasize factors outside the memory decline that contribute to the 

success of assistance and therefore factors span from pre- and postmorbid lifestyle, adaption to 

habitual patterns and amnesic or executive problems (see for instance Wilson & Watson, 1996). 

Some literature aim for a holistic view where one must consider what kind of activities to assist 

and how. An experienced need and utility of the technology is important (Rosenberg, 2009; 

Sjölinder, 2006). It is also important to be non-stigmatizing regarding a possible deficit 

(Rosenberg, 2009). With a broad idea of assistance Scherer (2005) says that technology is best 

when it is attributed to functional and social needs and not physical limitations. A holistic stance 

is important for several reasons. Among the factors is the fact that 90% of the assistive 

technologies are discarded shortly after its onset (Scherer, 2005) and approximately 40% of 

people with referrals to a memory clinic are depressed and depression is a contributor to memory 

problems in itself (Wilson, 2002:2, p.662). Depression further increases the risk for developing 

dementia, even though it is unclear if it should be seen as a prodrome of dementia (Clare, 2002, 

p.719).  
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Nygård and Starkhammar (2007) mapped through an ethnographic study hindrances of everyday 

technological use in a group of eight people with a mild developed dementia disorder. The 

hindrances were categorized in four domains as the table below, with level of occurrence in 

brackets (p.148).  

1. CONDITIONS THAT INTERFERE AS HINDRANCES IN TECHNOLOGY USE 

Conditions related to the person 

 Memory deficits (8) 

 Deficits in attending to multiple aspects (8) 

 Sensitivity to stress (4) 

 Lack of embodiment of technology (5) 

Conditions related to the context 

 Pressure from the external environment (1) 

 Orientation to place and time demanded (5) 

 Design of the artifacts (4) 

2. LIMITATIONS IN THE PARTICIPANTS’ KNOWLEDGE OF THE 

TECHNOLOGY AND ITS POTENTIAL 

 Confusing technological artefacts or services (5) 

 Uncertainty about the functional aspects of technology (8) 

 Uncertainty about the field of application relevant for a piece of technology (3) 

3. COMMUNICATION DIFFICULTIES IN THE USE OF TECHNOLOGY 

Communication problems with interpretation and understanding 

 Identifying, interpreting and knowing how to respond to information from technology (8) 

 Communication using telephone services or with answering machines (4) 

Communication problems when handling and manoeuvring the technology 

 Managing series of numbers (7) 

 Sequencing actions in line with the demands of technology (4) 

 Using appropriate force and tempo in line with the demands of the technology (7) 

 Choosing a command or button from a variety of alternatives (8) 

 Directional adjustment of handles and buttons (3) 

 Coordinating two parts of a technology (8) 

4. INSTRUCTIONS FOR USE: AN ILLUSION IN SUPPORT 

Of interest is that although participants were annoyed of the fact that they had a deficit while 

using technology memory deficits did not seem to obstruct the usage of technology. The 

sensitivity to stress was occasionally related to automation surprises, a participant said ―I fear 
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automatic machines‖. The stress of using technology and potentially doing something wrong had a 

greater impact than the memory deficit per se (Nygård & Starkhammar, 2007). Some participants 

raised the lack of embodiment in technology, and specifically the lack of motor in their hands to 

write on a computer. Bridging mind and body is especially important in the group of dementia 

(Nygård & Starkhammar, 2007). In line with the embodied view of cognition this counts for 

everyone; it is possibly a continuum where dementia or major neurocognitive disorder calls for 

more attention, the MCI-group little less and the older group in general even less, but where the 

bodily interaction is still a contributive factor. In the table above lack of embodiment was 

categorized as something coming from the person, as it is experienced that the person lack 

sufficient motor interactional abilities to interact with the technology, but from design point of 

view crude interactional possibilities can be a contextual aspect. Even though above stated 

difficulties are neat categories Nygård and Starkhammar (2007) note that any given problem to a 

situation comes with combination of the above categories. And also, even if the categories were 

crystallized using a group with developed dementia the authors note that many of the categories 

can also associated with the general population. They call for the need of assessing the categories 

in other populations. Wilson and Watson (1996) correctly note that the normal population also 

uses compensatory behaviour and considering the decline of cognitive abilities and as a 

consequence of aging the border between typical and the atypical is a vague boundary (Svensk, 

2001). Svensk (2001) emphasize a model that sees the everyday as something complex that needs 

coherence. I believe that if external memory aids are to be introduced in the normal aging 

population this is likely to be done on the brink of convenience and not specifically addressed to 

a memory decline. Studies on assistive technology for people with dementia have largely focused 

on residential care settings and people with moderate to severe dementia; therefore there is a lack 

of studies on people with mild decline of abilities (Topo, 2009). Interestingly there is also a bias 

towards studies on the feeling of security and caregiver wellbeing while studies on for example 

social isolation occur less in the literature of assistive technology for people with dementia (Topo, 

2009). Compare this to what was earlier presented about memory as socially distributed 

phenomenon. Topo (2009) hypothesize that this bias can be because studies generally focus on 

experiences of caregivers and relatives rather than the subject at hand. 

Prescribing cognitive assistance 
I will not go into the judicious aspects of prescribing cognitive assistance in any length. I will 

simply note that in theoretical and judicious terms it is a difference between artifacts that 

deliberately is designed for assisting cognitive decline and cognitive artifacts in general. In 

practical terms it means that a product in Sweden cannot at the same time be opted for 

prescription and still be available for the general population. It is important because as Boman, 

Bartfai, Borell, Tham and Hemmingsson (2010) writes there is a lack of models and guidelines for 

prescribing electronic cognitive assistance. Products for the general population on the other hand 

do not need proof in such terms more than for advertisement on the open market.  As this thesis 

aims for the average old population the ideas of possible products of this thesis are likely outside 

the option of prescription; but in scientific terms using a crowbar to signal what kind of 

bureaucratic product ideas are for would just be stupid. Therefore before turning to examples of 

interventions I note that for the purpose of aiming for a universal solution for a changing 

demography this distinction is a challenge, especially for the idea of a design for everyone, and 

also for the idea of design for diversity and change.  
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Kinds of interventions 
This section will first briefly depict different kinds of interventions, for latter turning solely to the 

notion of external memory aids. Harris (1992) provide with an overview (see figure 5 below) of 

different kinds of interventions for memory problems. The purpose of this thesis is the right 

category, external devices. 

 

Figure 5: Kinds of memory performance improvements (Harris, 1992) 

Internal strategies 
Naturally learned strategies are strategies we use but are seldom aware of. For example we generally 

try to practice and rehearse items or episodes we did not remember in the last session of practice. 

This is a skill learned throughout development, it appear between the age of seven and nine 

(Harris, 1992). The basic notion is that we naturally learn to use strategies of remembering. 

Artificial mnemonics are more deliberate than the former as they require some conscious effort to 

use. For example we are more likely to remember someone if we notice something special about 

them, but most people are not special and as we are expected to start a conversation everytime we 

meet someone unfamiliar we cannot easily notice the peculiarities if we are to maintain a decent 

conversation. Therefore to remember someone‘s name and connect it to a face requires some 

effort. Rhymes, jingles and first-letter strategies are other examples that help us remember 

(Harris, 1992). The divide between internal and external means for memory performance is as 

previously noted not the course for a large part of the alternative view on memory. How we 

practice and rehearse is not just an internal process of the brain. It can also as noted be bodily 

projected or environmentally cued. It is seldom a pure internal process and in the case of artificial 

mnemonics the effort may indeed by internally allocated but the remembering process scaffold 

over external sources.     
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Repeated practice 
Repetition generally work for learning and memorizing, but it should be used cautiously as 

intervention for memory problems, because it assumes that memory in accordance with the 

traditional view is a mental muscle that simply needs practice without being cautious of what kind 

of practice (Harris, 1992). It is not clear to me why repeated practice is not regarded as an internal 

strategy even though successful repeated practice is often facilitated and underpinned by internal 

and external resources. Although, emphasizing repeated practice suggest remembering is 

indivisible of the act of doing, and hence something that is allied to the alternative view of 

remembering.     

Physical treatments 
This sort of intervention can be regarded as a future aspect but also a present scientific, ethical 

and societal debate. Many products state that they increase memory performance even though no 

conclusive evidence exists. Believing that physical treatments as tablets will intervene memory 

problems and boost performance in the normal population is in line with the traditional view of 

memory as an internal structure. But also in accordance with the contemporary traditional view is 

that the understanding of tablets as actuators in the process of remembering is far from 

complete.  

External methods 
External methods are also skills that develop through childhood, were older children can more 

easily think of more elaborative ways of assuring a trustworthy memory performance by external 

methods (Harris, 1992). External methods are nowadays by far more frequently mentioned than 

internal ones (Harris, 1992). The knowledge of memory degeneration provide with theoretical 

justification of certain types of interventions. Clare (2002, p.725) speaks about interventions for 

people with dementia of Alzheimer type: ―there is a scope for interventions aimed at improving memory 

functioning to build on those subsystems found to be intact, such as procedural memory. Second, compensatory 

methods and environmental adaptions may reduce the demands on explicit memory and substitute for impaired 

aspects of memory‖. Harris (1992) note two kinds of external methods:  

External information storage is perhaps the most evident form of memory aid. We write things 

down, or record, to more easily being able to recollect the information necessary (Harris, 1992).  

Harris (1992) says that cueing devices are different from external information storage because they 

do not solely rely on the external storage but also require internally stored information. The cue 

means that you do not need the complete information of the activity that you are to perform, you 

need a cue. Even though this distinction noted by Harris can be viewed as two types of methods 

one must ask if deliberate external information storages always provide with information without 

internal effort. If an external structure is a cue or information cannot be decided by the 

dedication of the object, but more likely by the distributed and dynamic relation between subject 

and object, as proposed by the alternative view of remembering. Lurija (1963) for instance 

showed that external supports could be internalized to be developed fluently with less usage of 

the external support. 

Harris (1992) also notes some general recommendations for cuing devices, below are the most 

relevant for the purpose of this text. We will see that these will return when we consider existing 
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aids: (1) the cue should be given as close in time to the cued object as possible. Information can, 

depending on individual differences and circumstances be forgotten in minutes or even seconds. 

A cue must not just be timely; it should simply be till the action is executed without being 

annoying. (2) An active cue is generally preferred. A diary is not sufficient if not the information 

is retrieved. Even if you consult your organizer in the morning it is not an assurance that your 

mental plan will be executed correctly, this goes for everyone. (3) The cue should aim for being 

specific, even though many cues (like the handkerchief) that many use are not specific. For 

example many alarm clocks provide with specific information of why they call instead of being 

arbitrary. (4) The aid that provides the cue should be portable within its purpose, and also 

provide with a general utility. (5) It should provide with the possibility of entries, for instance 

entering an event in a calendar and overviewing and manipulating the entry. 

The metaphors for ideal memory aids are plenty. Because of the delicate problems presented 

above some use the metaphor of a seamless structure that is almost invisible to the conscious 

mind. But compensation in such terms implies that the remembering should be processed as it 

was processed before a decline or that interaction should be so smooth that interaction cease to 

be. This is according to Norman (2005) called a human-centered approach where the tool should 

not be in the way. Norman (2005) on the other hand emphasizes an activity-centered approach 

where the tools are the way. Activity-centered design is inspired by the Vygotskian Activity 

Theory and Norman (2005) sees activities as hierarchical structures where an activity is at the top, 

and tasks are components of activities. Norman (2005) means that some of the most successful 

designs in history have not been adapted to the human, but has been adapted to the activity the 

human are to understand.  

External memory aids 
―The ideal memory support technology would be a seamless extension of 

endogenous memory. It would rectify all of the seven sins of memory 

identified by Schacter, would impose no additional physical or cognitive 

burdens on the user, and would be indistinguishable from the operation of 

a flawless endogenous memory to both the internal and external observer.‖ 

(DeVaul, p.29, 2004) 

There are many kinds of external memory aids. Martin (2009) divides between instrumental and 

intrinsic and Harris (1992) divided between storage and cueing devices. There is a further possibility 

to divide them between environmental and portable aids (Caprani, Greaney & Porter, 2006); and 

although this is generally true (most of the aids noted below are either fixed to a certain location 

or portable) there are some aids that can be attributed to them both. Kapur, Glisky & Wilson 

(2002) divide external memory aids in two categories: proximal and distal environmental memory 

aids. By proximal environmental memory aids they mean features like ―design and contents of a room 

or vehicle and the design of equipment the individual uses in everyday domestic or work setting‖ (p.759).  For 

example brightly coloured plates – divided by colour – located on the kitchen table can reduce 

memory lapses when used to locate things that might get lost or to notice important messages 

(Kapur, Glisky & Wilson, 2002). By distal environmental memory aids they mean ―settings such as 

the layout of a building, shopping centres, the design of streets and towns, the design of transportation networks, 

and the people with whom we interact‖ (p.760). Generally the distal category focus on the environment 

outside the home of the individual but it may also focus on features that are an integral part of 
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the home environment; for example so called smart houses (Kapur, Glisky & Wilson, 2002).  

Wilson (2002:2, p.669) divide as Harris (1992) implicitly did earlier between mnemonic systems ―that 

enable to organize, store and retrieve information more efficiently. […] the term is used for methods involving 

mental manipulation of material”  like using your knuckles and the dips between to remember long 

and short months and external memory aids “that enable us to remember by using systems to record or access 

information‖. The last division mentioned here is likely one of the oldest and one that is still 

scientifically thorough today. Songs, rhymes and bodily tricks to remember tales or important 

information has existed for some time and even though those are outside the purpose for this 

thesis one must ask if they do share any commonalities, or if it can be or should be 

commonalities with what we here call external memory aids? I can imagine that an external 

memory aid can have features that provoke the same cognitive mechanism that makes mnemonic 

systems work. 

Often these categorizes appear intuitively from the authors based on some at present ontological 

truth. Of course a specific aid can be portable; of course an aid can be integrated with the 

environment seamlessly as opposite to when they are not. They importantly note that aids can be 

different things with different features. But having in mind the activity-centered view from the 

design section, the scrutiny of a given aid should be based on things that matters for the activity. 

If the activity is to find your way home, gratefulness would prefer the aid being portable. Harris 

(1992) noted this and said that a cue should be portable within its purpose. Of course most cases 

are not as obvious as this example but I would call for some thought behind ontology.  

Examples below are products for cognitive assistance with some functional aspect of aiding 

remembering in people with some kind of functional disability, and therefore most of the aids 

below are not specifically developed for the elderly population. The presentation starts with more 

basic existing aids categorized by functionality and ends with aspects of aids that are under 

development and likely candidates for the future. In a way I succumb to the same process as I 

criticized above. The categories are intuitive from my perspective. 

By functionality 

Comprehension 

What is meant by comprehensive aids is that the aid is more about representing a dimension or 

information in a way that makes it more comprehensive for the user. For example Timstocken is 

one of the most commonly prescribed assistive device in Sweden and its basic function is to 

represent the passage of time as red dots (Dahlin, 2010; Hjälpmedelsinstitutet, 2010). Chrono 

Comai is a mobile application that shows how long time it is left for a specific time in different 

representation to be more easily accessed (Hjälpmedelsinstitutet, 2010). These are no memory 

aids per se, but remembering when to do something or when to stop doing something and being 

in control of the passage of time is an aspect of a task that involve memory functions. Even 

though these kinds of devices are generally prescribed for people with disabilities that include 

problems of understanding the passage of time the notion that incomprehensive information can 

be represented in ways for easier comprehension is a core aspect of representing complex 

information or information in complex situations.  
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PenFriend allows the user to identify objects by making speech labels on objects 

(Hjälpmedelstorget, 2011). With the computer program ‗my economy‘ (min ekonomi) a user can 

overview her economy in terms of bills, housekeeping and personal saving goals 

(Hjälpmedelstorget, 2011).  

The Swedish institute of assistive technology (SIAT) and Wilson (1997) says that one of the 

simplest ways of aiding cognitive deficits is to structure and create order in the environment a 

person acts. Labelling, notes, colours and positioning are examples. Structure and order helps 

users to comprehend and control their close environment. Many specially developed pictograms 

have illustrative labels and other objects like table plates work like dedicated memory spaces. 

There exist commercial products in abundance that is dedicated to ways of labelling.  

Reminders 

Timetimer is a similar reminder as timstocken mentioned above but with the physical form of a 

normal clock (Hjälpmedelsinstitutet, 2010). These kinds of reminders are common and some are 

programmable with a text message such as the Cadex wristwatch and some tells what part of the 

day it is, like the Memo (Hjälpmedelsinstitutet, 2010). On the market are also several medicine 

reminders. Dosis (Hjälpmedelsinstitutet, p.12, 2010) is an example, Careousel 

(Hjälpmedelsinstitutet, p.13, 2010) is another. Careousel rotate after every take and fixate, and 

hence makes it impossible to take to many doses. This is a way of constraining without imposing 

too much structure in the life of the user. A further positive feature of the Careousel is that it if it 

does not work everytime it is possible for nurse or assistant to control if there is any pattern of 

performance. For example, it is possible that there is problem taking the medicine in morning 

with or without the Careousel. This introduces a manual control of intraindividual variability. 

Reminder C.Status by Abilia AB (www.abilia.se) is a sensory based aid that lights up a section if a 

certain object is open or switched on. It also has a portable keychain that note if the outer door is 

locked or unlocked. Such portable devices are good as they calm worried users that forget if they 

did something. A telephone viewer, also by Abilia AB has pictures that light up if the person on 

the picture calls. Some telephone viewers can be connected with the TV and therefore be 

integrated with the existing technology (Hjälpmedelstorget, 2011). 

Reminders directly refer to the deficit of remembering information by cueing or informing the 

user of the mishap. 

Organizers 

Built in many so called personal organizers of schedule managers is a reminding function. Like 

applications for mobile phones like Memo Comai (Hjälpmedelsinstitutet, p.14 2010), Handifon 

(Hjälpmedelsinstitutet, p.19, 2010), that is an adapted phone with several assistive functions and 

MEMOplanner,  that is a touchscreen with a digital calendar with reminding functionality 

(Hjälpmedelsinstitutet, p.22, 2010). Multi Comai is an extension of Memo comai that except from a 

calendar has economy support, time comprehension and personal crisis management 

(Hjälpmedelstorget, 2011). Normal mobile phones (Hjälpmedelsinstitutet, p.20, 2010) and Google-

calendar can also be a recommended memory aids (Hjälpmedelsinstitutet, p.21, 2010). Organizers 

are digital artifacts but calendars can be analogue. On the market there still exist whiteboard-

based calendars for daily overviews (Hjälpmedelstorget, 2011). The beneficial side of larger 

boards should not be underrated, nonetheless the intuitive interaction with such. The IPPI 
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(www.ippi.se) is a tv-based system that allows the user to receive and send messages. Examples of 

services of the IPPI are: showing who is coming from the home healthcare service, receiving 

invitations of activities, social contact with other older adults, security messages, food ordering.  

Basic operations needed is entering information, reviewing stored information and deleting 

stored information (Kapur, Glisky & Wilson, 2004). This requires deliberate effort and is not 

how memory naturally works. The alarm feature of electronic organizer is useful in four different 

situations (Kapur, Glisky & Wilson, 2004): (1) reminding to do things when events occur 

between the moment of thought and remembering, (2) reminding over larger distances of time, 

(3) when there is a need of accuracy, (4) when there is a need of multiple reminders (like medicine 

taking). These four situations are not different from situations for the non-impaired population. 

Neuropager (http://www.neuropage.nhs.uk/) is a portable device that reminds the user of tasks 

that has been sent in beforehand to a central unit. It is possible to change the settings, but this 

must be done through a central unit. Positively the Neuropager is easy to learn and is controlled via 

a single large button but on the other hand Neuropager is not adapted to the unpredictability of 

everyday life as it does not have any postpone function of reminders and must be operated 

through a central unit (Caprani, Greaney & Porter, 2006). 

Recording Keychain is a keychain with a recording functionality for ten seconds 

(Hjälpmedelsinstitutet, 2010). Forget-me-not (Lamming & Flynn, 1994) is a classic portable episodic 

memory storage that automatically records events in the office environment; like meeting people, 

using the PC and making telephone calls. The device collects information and organizes this 

information into a personal biography. Despite a smart name, at the present of its writing it could 

basically do what a normal mobile phone can do today. 

Organizing information can be replaced by doing things in a different way, noted as the 

chameleon-method by Svensk (2001). For example using the fingerprints to access important 

information bypass the problem of reminding and recording codes that is important 

(Hjälpmedelstorget, 2011). 

Finders 

ECCO GPS-keychain and MiniHomer finds the way home by allowing the user to lock on a location 

she wants to return to (Hjälpmedelstorget, 2011). Key Seeker, with a reach of 40 meters allows the 

user attach seekers on objects (Hjälpmedelstorget, 2011). Keychains such as the Sakletaren can be 

attached to objects such as mobilephones that sound by the pressing on a central module 

(Hjälpmedelsinstitutet, p.34 2010).  In a similar manner the Memory Plus 335 (Hjälpmedelstorget, 

2011) operates. These aids, especially the first two assume that the user can predict her inability, 

which demands resources on the prospective memory. Neither do they explicitly work as 

memory aids; they are more like barriers for a possible memory failure in an activity.  

Activity guidance 

People with problems with habitual activities such as cooking or cleaning can be guided by books 

that show step by step pictures and texts how to proceed (Hjälpmedelsinstitutet, p.32-33, 2010). 

Other analogue aids guide the user in cleaning her apartment (Hjälpmedelstorget, 2011). These 

kinds of guides are effortful in themselves if not easily presented and do not consider that people 
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often remember activities more or less. In this case, for the broader population these aids can be 

seen as trivial if not adapted to variability. 

Social assistance 

Morris, Lundell and Dishman (2004) investigated social needs and barriers in elderly population 

and discussed and described ubiquitous computational means as a way of catalyzing social 

interaction. Connection with the social environment is as described an important predictor for 

stagnating cognitive decline and even atypical decline. Previously mentioned IPPI has a social 

function and can be categorized as contributing to the social life. One of the barriers for 

maintaining social connectedness was the embarrassment of not remembering information about 

and names of other people. The predictive nature of social engagement and mental illness is an 

evil spiral: ―The symptoms of illness, such as forgetting names or having difficulty tracking conversations in the 

case of dementia, often remove people from the very sources of social support and stimulation that could help protect 

them from further health decline‖ (Morris, p.30, 2005). Morris, Lundell and Dishman (2004) describe a 

sensor prototype that keeps track of activities and propose social encounters with neighbours if 

activities correspond. They further ponder about the possibility of wearable databases that 

provide information about people. This would be a kind of a social memory aid. But this 

development is still in its infancy. Other objects aiming for the social importance of everyday life 

are digital photo viewers and speech-based photo viewers that positively have the functionality of 

changing photo and providing with contextual information about the photos (Hjälpmedelstorget, 

2011). 

Above mentioned aids help a user to cope with everyday problems but still let the user play an 

active part of the process. Common timers or stove alarms simply acts if the user has forgotten 

something without letting the user know what has been missed. The users are in such 

circumstances out of the loop of what the aid is doing. This is something we return to in latter 

sections when we turn to more automatic systems. Above mentioned aids are also just a handful 

of the myriads of products on the market. Many share functionality but differ on specifics and it 

is also important to know that there is a prominent variance of the amount and types of 

prescription available across Sweden (Dahlin, 2010).  

By aspects 
This section exemplifies aspects and ideas of external memory aids that has started, or has 

become the norm for a successful aid.  

Augmented aids 

Starner, Mann, Rhodes and Levine (1997) describe a future of seamless augmented memory aids 

by wearable glasses. But as it appears, even though described possbilities of aiding people with 

face recognition and information about others, no such product exist on the market for the 

general population. 

As described the human long-term memory is prone for sins and the challenge of developing an 

augmented system that store and retrieve episodic information has been in the visionary 

periphery since Vannevar Bush‘s article ―As we may think‖ from 1945 (Schweer & Hinze, 2007). 

Schweer and Hinze (2007) conceptually describe an augmented memory system for long-term 

memories. The basic components are (1) external devices that mostly collect data automatically, but 
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can also be collected manually, (2) association manager that supports relationships between entities 

similar to the nature of the human memory, (3) an interface which allow data to be manipulated 

manually. Schweer and Hinze (2007) describe a travel scenario were the idea is that such system 

could answer questions like ―when was I at a given place?‖, ―when/where did I take a given 

picture‖, ―what are the contact details of a person I met at a given place/time‖, ―what 

recommendations did I get from a given person or about a given activity/place‖. Schweer and 

Hinze (2007) see future problems involving deciding what kind of data that is possible to handle 

and how to navigate among information structures. An aspect of memory aids is whether an aid 

should be perfect, that is being able to retrieve everything in exact detail. The brain has evolved 

thusly to work in the reality we have evolved in. The case of AJ (Martin, 2009) that has a perfect 

event memory: she recalls instantly and deeply personal and other events. But she displays 

deficits in other areas. She is unable to organize and categorize information. Creating external 

aids must always come with a discussion about the purpose of such memory aid. More memory is 

not just something good. Anaïs Nin wrote: ―The loss of memory was like the loss of a chain. Without 

memory I was immensely light, vaporous, fluid. The memory was the density which I could not transcend. I was not 

lost…‖ (1991, originally published 1948, p.171). For this text we acknowledge the importance of 

locating the purpose of an aid. 

With inspiration of the constructive human autobiographical memory with a focus on the 

importance of cues van den Hoven and Eggen (2008) suggest eight design recommendations for 

augmented memory systems: (1) augmented memory systems should support cuing, (2) 

augmented memory systems should support souvenirs or more broadly, things that cue 

memories, (3) a link between the digital and physical should be provided by letting souvenirs 

becoming part of the system by tangible interaction, (4) choose what functions of 

autobiographical that should be supported, for instance supporting identity or sharing 

experiences, (5) decide if the focus should be on recording or retrieving, (6) information should 

not be presented as the only picture of what happened, (7) create a metadata system, (8) decide 

on what specificity the system shall work on, for instance if it should focus on specific 

information or lifetime periods. They noted that most existing memory aids focus on recording 

and not on retrieving. Future studies should focus on the relation between memory cues (photos, 

sounds, smells, texts and souvenirs) and the strength of memories recollected (Hoven and Eggen, 

2008). 

What is often needed in a social setting is the audiotorial and visual attention. Emanating from 

the idea that people with severe memory problems display more reliable remembering by touch 

and that audio and visual aids are unfit for social settings Kuznetsov, Dey and Hudson (2009) 

explored the possiblity of external memory aids based on vibro-tactical signals that are 

augmented with audio and visual information. Braclet based unigue haptic signals were coded for 

audio and visual information. They found an increased performance with haptic cues when the 

participant performed below average on recognition tasks. Participants performing above average 

without haptic cues often performed worse when provided with haptics, they claimed the haptics 

were distracting. This could have been due to the crude technology used as the haptics vibrations 

were intense (Kuznetsov, Dey & Hudson, 2009).  

DeVaul, Pentland and Corey (2003) investigated the possibiltiy of avoiding too much information 

in a given real-world situation by using what they call subliminal cues in wearable glasses which 
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means information below consciousness. In the experiment by DeVaul, Pentland and Corey 

(2003) participant were to memorize face-name pairs and later recall the names when presented 

with the faces. Three conditions were used: uncued, cued (under the threshold of awareness with 

the correct answer) and incorrectly cued (with a wrong name). Significant results occurred for the 

cued condition but interestingly also an increase in performance occurred for the incorrect cues. 

Authors say this can be because the names come from the same task suggesting that any name 

will trigger association of other names. This was a small study and future studies should 

investigate subliminal cues further. It sounds for instance unlikely that any related subliminal cue 

create a similarly succesfull association.  

Everyday Technology 

The products mentioned so far have been assistive technology (AT) which means that they have 

been specifically developed to aid people with disabilities. This can be contrasted with everyday 

technology (ET) such as handheld computers, mobile phones and dictaphones. The definition of 

AT is that they are developed to assist disabilities, but as ET also can assist people with declines 

they can be difficult to differentiate (Lindén, Lexell, Larsson Lund, 2011). Everyday technology 

as they already starting to be aids of controlling our complex lives has the potential of becoming 

more common in assisting people with disabilities (Larsson Lund, Lövgren-Engström & Lexell, 

2011). Larsson Lund, Lövgren-Engström and Lexell (2011) conducted a qualitative interview 

study on people with ABI and their significant others of their use of ET. People with acquired 

brain injury (ABI) said that they had started become aware of the potential of ET to compensate, 

and felt that ET supported effective compensatory strategies; they further felt independence and 

managed to incorporate ET into their daily habits. The significant others felt a relief in daily life 

and a decreased responsibility for continuous control. Even though results over all were positive 

the experience of starting using the ET for the significant others were mixed. Some experienced 

hustle with learning the person with ABI to use the ET independently. Some forgot to use them 

and some worried about things like if they remembered to type the correct information into the 

ET. Something more is needed for those to avoid guilt and distress (Larsson Lund, Lövgren-

Engström & Lexell, 2011). A possible explanation of the positive result is that the study focused 

on, for the individual, highly prioritized daily tasks and thusly aimed for internal drives of the 

person with ABI. Participants were motivated subjects. This is important because it goes beyond 

the complexity of factors of using the technology; the internal drives of the individual can give 

incentives of developing strategic uses of a technology (Larsson Lund, Lövgren-Engström & 

Lexell, 2011). This also shows the importance of testing such technologies in real life where 

incentives lure. Larsson Lund et al. (2011) further noticed the escape from embarrassment of 

using an everyday technology for managing impairment. A limitation of this study was that it did 

not focus on the process of acquiring a skill as it focused on the feeling when used an already 

acquired skill for a while. 

Lindén, Lexell, Larsson Lund (2011) studied performance on everyday tasks after ABI with 

interventions of ET. The method for intervention followed an occupational therapy intervention 

process model (that is a top-down process) together with models of matching person with 

technology and error-free learning according to the Canadian Occupational Performance 

Measure. This approach is functional as it focuses on goals rather than specific memory 

problems: ‖Timely performing medication, appointments and tasks by the use of a mobile phone. […] Taking 
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messages and recall information by the use of a digital voice recorder. […] Ending the performance of tasks in a 

safe way by the use of a timer. […] Finding and orientating in unknown environments by the use of a navigator. 

[…] Planning occupations and timely initiating performance by the use of a handheld computer. […] Taking 

medication punctually by the use of a wrist watch with alarms. […] Performing tasks without being interrupted by 

the use of an answer phone. […] Purchasing and searching for information by the use of Internet.‖ (Lindén, 

Lexell, Larsson Lund, 2011, p.219). All the participants claimed their performance had increased 

together with their satisfaction of performance. Lindén et al. (2011) conclude that it is not 

possible to use one solution for everyone. A variety of ET:s were used in the study by Lindén et 

al. (2011) to match specific and similar goals across participants. A mobile phone was the most 

common ET. As a contrast to previous studies on AT all the participants continued using the 

ET‘s at the follow-up and claimed that they were still motivated to use them (Lindén, Lexell & 

Larsson Lund, 2011). A specific example of an ET that has been designed for the group of 

elderly is a mobile phone developed by Doro (Hjälpmedelstorget, 2011). Overall this is positive 

for the use of ET and it also hints that technology for the common user starting to become 

adaptive to a complex life which irrespectively of the role of ET for the common population 

intuitively would suit the experience of people with memory problems. 

Intelligent Assistive Technology 

Intelligent assistive technologies (IATs) are systems that involve contextual factors in their 

decision-making (Boger & Mihailidis, 2011). Boger and Mihailidis (2011) distinguish between 

smart technologies and intelligent technologies. The former react to a predefined world while the 

latter involve decisions about situations the agent has not encountered before. 

Pollack (2005; 2007) sees three overarching goals of intelligent assistive technology: providing 

with assurance of safety and well-being, compensating for impairment, continual assessment of 

functioning. Most research has been done on the first two. Examples of assurance systems are 

doormats that informs the healthcare service when someone leaves her home. But assurance 

systems can also be more complex like a system that notice when someone stopped eating, or 

motion detection that notice if someone falls (Pollack, 2005). These goals are not exclusive from 

each other as it is for example likely that a truly intelligent system must continuously asses the 

functioning of someone to adaptively assist her for her impairment. Assurance systems for safety 

and well-being are systems that give most incentives from relatives and users, likely because the 

benefits are easy to understand.   

Smart home environments 

The emerging occurrence of so called smart home environments leans on artificial intelligence to 

aid an aging population. Basic components of such systems are a network of sensors in the home 

environment and an AI that interpret the data (Pollack, 2007). Example of functions such system 

can enable is demonstrated by SmartLab (provided by the Swedish Institute of Assistive 

Technology, www.hi.se). By a remote control the user can for example draw the curtains. The 

system senses status of for example doors and if someone is in bed. When the user leave the 

home the user can for example press a button to be informed, by voice, by text or visually, of 

that a window is open at the second floor. The system can change automatically: for example if it 

is night mode and the user goes out of bed, soft lights are provided to the bathroom. It is also 

possible to automatically turn off stoves and taps if you lock the outer door. Automatic acting 

systems are good in the sense that they act without inferring in the activity of the user, for 
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example leaving the home. But it can also provoke problems if the automatic system leaves out 

information that could be relevant for the users, something that more likely is a problem when 

the automat becomes more complex. 

MonAMI (www.monami.info) is a EU funded project that aims for a total solution for several 

components in a smart home environment through a common platform. This can be compared 

to the many isolated solutions that were listed above. MonAMI consists of five components: 

AMiSURE: notify the user or personnel of abnormal conditions such as open windows or 

doors, presence in areas, falls or lack of activity. AMiCASA: allows the user to control objects in 

the home environment by a device. AMiCASA Can also be programmed to act automatically 

according to conditions. AMiVUE: presents information of objects or activities in the home 

environment. AMiPAL: remind the user of appointment or medication. AMiPLAY: games for 

physical and social activity. In a conclusion this year they were modestly positive of the outcome 

of the evaluation. The project proved it possible and a necessity with a common platform. Some 

technological problems were noted and caused unreliability and frustration in some users; and 

further the games proved boring for many participants (Knapp, Watters, Damant & Ellis, 2011). 

In an evaluative study on a similar system – a sensory based system with a central unit developed 

by Tentaculus AB (www.tentaculus.com) – six people diagnosed with a neurodiagnostic disability 

were evaluated on routine situations involving reminders (Habel, 2011). Four of the participants 

lived in a special care environment and two lived in a regular apartment but with external 

support. The system focuses on everyday routines and the following needs were identified for the 

specific group of people: 

 Get up in the morning and going to bed in the evening at the right time 

 Not resting more than enough daytime 

 Regular eating habits (if you lived in your own apartment) 

 Remember eating times (if you lived in special care environment) 

 Remembering to take your medication (if you lived in your own apartment) 

 Remember practical things when leaving the home 

 Remember the day for cleaning and laundry service (if you lived in your own apartment)  

Among the problems identified several concerned preferences of settings. For example, one 

participant did not respond to waking calls but did so after consultation when the sound was 

substituted with a female voice. This change even attracted the participant to successfully use 

more voice reminders. The female voice performed as a positive incitement for the participant to 

adhere to everyday habits. Personnel add that they still occasionally visit him to keep the human 

contact but also says that he is independent when it comes to arriving to meals and almost 

independent when it comes to getting out of bed in the morning. This is interesting through a 

social perspective. As the personnel said they still visit him to keep the human contact, but to 

some extent the female voice reminder became a part of his social context. Another participant 

preferred music as waking call. Interestingly this participant said that the reminders were better 

than nothing, but that he preferred human support. This participant lived alone. A third 

participant used the waking call to ease her worry of not getting up in time in morning. This 

participant also received sms-reminders for taking medicine. In the end this participants stopped 



73 
 

using the system because she found it annoying and interestingly claimed that she learned to 

remember by herself. This was seen as a rehabilitating result and also highlighted the importance 

if an aid like this being flexible and changeable (Habel, 2011). With regard to rehabilitation it 

should be noted that no follow-up study was conducted. The fourth participant experienced 

obsessive thoughts which hindered her of doing her bed in the morning. As waking call she 

wanted a voice to tell her that she could do her bed. A confirmation display (with an icon of a 

bed) was installed in her bedroom so she could confirm that she had done the bed by pushing the 

display. A nightly reminder was also installed so she remained sleeping during the night (although 

a seven minute delay was chosen for toilet visit). In the end she could assimilate the function of 

the night reminder and the aid was also impractical for the group living she lived in as the aid 

sounded into common areas where it annoyed other people living there. A confirmation display 

that the user must push is complementary to a repetitive reminder – something that received 

positive feedback from the participants but also some negative where the aid could be perceived 

as nagging. Further, the aid as it is designed needs no training, which is mostly because changes in 

the setting are executed centrally by the developers. Another participant with obsessive thoughts 

also – for a shorter period – tried the aid but the reminders added to her obsessive thoughts 

(Habel, 2011). Positively for this kind of system is that they allow for a personal user profile 

adjusted by the developer to the user, but negatively the adjustment is not done automatically or 

manually by the user. 

Another evaluative study conducted by Boman, Bartfai, Borell, Tham and Hemmingsson (2010) 

also focused on reminders on a similar in home system. The process of the reminding system was 

described as follow: ―1. Computer determines whether it is the time to provide a reminder for the selected 

activity. 2. Computer checks (prior to delivering any reminders) whether the activity is already performed (based on 

sensor information). 3. If not, computer delivers reminder through speaker or visual display. 4. Computer monitors 

sensors for activity completion. 5. If the activity is not observed in some period of time, computer provides some 

number of reminders at regular intervals (set by user). The user could choose to be reminded by a speech synthesiser 

(female or male voice), or a recorded voice, text or symbols on a screen and a short music jingle to indicate that it 

soon was time for a reminder. 6. If all reminders delivered and activity still not detected, computer (optionally) sends 

a SMS message to the user‟s cell phone, make a phone call or sends an e-mail to a person not present in the home 

environment.‖  

Five participants (33-58 years old) with memory impairment after a traumatic brain injury (TBI) 

or stroke picked three daily activities that the system would remind them to carry out. Over a 12 

week period successful execution of activity were automatically registered. Activities that could 

not be automatically registered were registered by a paper diary (for all activities). A possible 

methodological problem is that keeping a paper diary is a memory task in itself. Participants were 

further assessed generally on memory functioning, self-perception on performance and on a 

quality of life-assessment. Results show that completion of tasks showed a non-significant 

increase on a group level except for one participant. This participant claimed she felt as if the 

spoken reminders were relatives that tried to force her to do things. She repetitively tried to cheat 

the system. It could be argued that this suggest that it is not always evident that memory aids 

should be designed to fit the user and the relatives simultaneously. All the participants except 

from this one wanted to keep the system after the study. Quality of life was increased. Internal 

memory functioning in general was not increased as previous studies predicted. Technical 
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problems arose due to unreliable internet connections for some of the participants. When the 

system stopped working participants infrequently reported the occurrence. Practical problems of 

habits were also registered; one participant sometimes took his nap in the armchair, but sensors 

for naps were located in the bed. He was nevertheless satisfied with the reminding system. The 

visual reminder by the door that reminded of things to bring when leaving home was successful 

for those that started using it. Positively the systems had a short learning phase, negatively the 

system were not flexible for changes. Sometimes an off-button would have been appropriate 

(Boman et al., 2010). Boman et al. (2010) conclude that there are no models of assessing the 

appropriateness of electronic memory aids on people with cognitive impairments. Boman et al. 

(2010) further suggest systems like these should first be tested on the normal population. In the 

dissertation by Boman (2009) she concludes that at the present people with ABI can learn to use 

systems like these with help of an occupational therapist and that future systems must be more 

flexible and provide with adjustment easily according to (changing) needs and limitations. Once 

again it is important to realize the focus on people with ABI, but the need of flexibility and 

adaptability to changes is as relevant for the older population in general. Lindén (2009) as Boman 

(2009) also says that familiar everyday technology (such as Iphones) can with occupational 

therapy intervention processes start to be used to compensate for disabilities after an ABI.  

Even though it is a matter of degree, a smart home environment – as defined Boger & Mihailidis 

(2011) – does not need to be intelligent. One must ask how adaptive the smart home system is to 

the ongoing activity and the user and if the activities are done in cooperation between user and 

machine, or do they aim for different goals? Interestingly this is by no means longer a discussion 

of something being a seamless structure of the endogenous memory system but it is still about 

rectifying the seven sins of Schacter in a population where the ―sins‖ has greater consequences. 

Schedule management 

Older systems are greatly limited because they take for granted the older adults live perfectly 

scheduled lives; but they do not (Pollack, 2005). Reminding systems must be more flexible to 

assist a broad population such as older adults in general.   

Autominder is a system that tracks activities that the user is expected to perform and interacts with 

the user if they have not been completed within a given time frame (Pollack, 2007; Pollack, 2006). 

Autominder has two platforms, a PDA and a robot called Pearl. Autominder is developed to be 

flexible in terms of reasoning about discrepancies what users should do and what users actually 

are doing. Compared to a normal reminder Autominder does not necessarily address a reminder on 

a specific time if activities interfere. For example, if a person needs to take her medicine an hour 

after a meal Autominder would recognize when the meal was finished and clock the reminder 

according to the activity. To keep track of what a user does, the system uses probability reasoning 

based on information collected by sensors. At the core of Autominder is the intelligent reminder 

generator that has four goals (Pollack, 2006, p.69): ―(1) user awareness of planned activities; (2) a 

high level of user and caregiver satisfaction; (3) avoiding introduction of inefficiency into the 

user‘s activities; and (4) avoiding over-reliance to the extent that use of the system actually 

decreases rather than increases the user‘s independence.‖ The goals are ambitious and raise the 

expectation on the system. In its infancy the developers noticed problems with achieving their 

aspiration; the system was not adaptive enough towards the changes of the user as the rules were 
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fixed (Pollack, 2006). At the present developer‘s tries to develop machine learning techniques that 

learns and relearns what is most appropriate continuously (Pollack, 2006).  

Reminders 

An example of a system that adopts is a context-aware medicine reminder described by Hayes et 

al. (2009) that uses simple rules such as ―do not remind if user is speaking on the phone‖. In an 

evaluation medicine was successfully taken 92.3% of the times with a context aware system 

compared to 73.4% with a time specific reminder and 68.1% adherence without a reminder 

(Hayes et al., 2009). The following sensors were used: motion sensors, contact sensors of outside 

doors, phone sensors, bed sensors. Interestingly the performance was best in the morning. 

Evening performance with context based reminders had a high variation which is in line with 

intraindividual changes noted earlier. Despite a significant result, the low number of participants 

(n=10) forced the authors to be modest about generalizing. 

Retrospective reminiscence 

Other systems can also keep track of already performed activities. As older adults can have 

problems of remembering if they completed a task, the Memory Mirror can remind the user but 

also display what has been done at what time (Rogers & Fisk, 2006). 

Hermes is an EU funded project about cognitive care for the elderly population (Kelifi, Jiang & 

Trundle, 2009). Kelifi, Jiang and Trundle notice that a problem with former systems such as 

Autominder is that they rely on someone ―tapping on the screen‖. HERMES on the other hand 

tries to extract knowledge automatically from raw material. In basic terms HERMES is built 

around a mobile phone and a computer with sensing technologies that can sense what is going on 

in a room. Technologically there are seven groups of technology: sensing infrastructure, visual 

processing, audio processing, low-level information fusion, context modelling, indexing, 

annotation and knowledge conceptualization, semantic data summarization and meta data 

processing (for more details on the technology see http://www.fp7-hermes.eu/). In functional 

terms the objectives of the system is (as quoted from their website): 

1. ―Facilitation of episodic memory through the capture of content in audio and image 

including when, where, who, what and why of a moment, including additional contextual 

information, such as date and time, the amount and name of people present and 

derivatives, and information from other sources. 

2. Cognitive training through games with moments that have been captured previously that 

are related to contextual information. 

3. Advanced activity reminding to assist the user's prospective memory in performing 

everyday tasks and to support independent living. Modelled after human associative 

memory, contextual cues remind the user automatically and non-disruptively. 

4. Conversation support on the grounds of interactive reminiscence based on the recordings 

of important moments in everyday life. 

5. Mobility support to address the needs of the user outside of the house with cognitive 

support when and where needed.‖ 
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The system aims at being compensatory by using better working functional skills in the user, and 

focus on compensating what traditional terms of memory would call declarative and prospective 

memory (http://www.fp7-hermes.eu/).  

Kelifi, Jiang and Trundle (2009) suggest three modes of automation for HERMES: manual, semi-

automatic, and automatic. The manual mode allows the user to classify the recorded data with 

semantic concepts for later retrieval. The semi-automatic allows the user to manually enter data 

but the system automatically associates the entered data to the existing database and further 

possibly reminds the user of the related data. In the automatic mode data is entered automatically 

trough a home-based sensory system and processed automatically. For example, if a friend visits, 

the system will record the conversation and annotate the content automatically. 

An early study of needs for elderly with no impairment (within the HERMES project) listed a 

couple of conclusions about the elderly population (González, Diaz, Buiza, Urdaneta, Höller, 

Geven & Tsheligi, 2008): 

1. The population is very heterogenous which implies that any system must be flexbile and 

adaptable. 

2. Older adults do not want to feel dependent of the system because they value excersing 

the cognitive abilities they have, which implies that a system must be as non-obtrusive as 

possible. 

3. Older adults will not accept a technology that minimize their cognitive effort. They want 

to keep their autonomy. The project suggested that this would be confronted with games 

that will allow to work with the information, that in turn will increase their autonomy.  

4. Things forgotten are often things that are not part of the normal habitual life. A system 

should also and perhaps more prominently assist with the unusual happenings. 

5. Older adults prefer using tools they are used to. For example writing things down with a 

pen. A system should acknowledge this by for example not excluding a free form of 

information entries. 

6. Interaction with other people is important. A system should meet this social need. 

7. A healthy lifestyle is important and predictive for performance, therefore a system should 

motivate an active lifestyle. 

8. Older adults at present are less prone to see the ways technology can assist. The project 

believes this is a generational issue. Therefore it is important to illustrate how it can help. 

9. Because working memory, especially auditory procesing had the lowest score, information 

presented should not require sustained attention of auditory information. 

10. Visual processing and memory is better, therefore visual cues are better than auditory. 

Preferably both of them should be used together. 

11. Attention is poor and therefore the system should aid and limit attentional processess. 

General conclusions suggest that a simple reminder system may not be enough, information 

should be processed by the user to keep her in the loop and in control of her life (González et al., 

2008). In a further study of HERMES by Sandberg Frid (2011) older adults reported that they in 

a way thought that technological assistance such as HERMES would do the cognition for them, 

hence finding its use self-destroying of the users cognition. But at the same time older adults 

found no problems of off-loading remembering cues onto the external environment and through 
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that scaffold themselves with the external world. They simply do not see technology as an 

integrated part of the environment (Sandberg Frid, 2011).  

Activity guidance 

Systems that guide people in activities generally aim for the more severely impaired (Pollack, 

2005). COACH is for instance a system that reminds a person of steps in washing your hands by 

keeping track of what steps the subject has performed. COACH increased number of successful 

handwashing steps in a group of people diagnosed with moderate to severe dementia (Boger & 

Mihailidis, 2011). At present COACH is expanded to also involve tooth-brushing and is also 

aimed for children with autism spectrum disorder (Boger & Mihailidis, 2011).    

Technology Coach is a video system that keeps track of what actions a user doing when using a 

medical device and note the user if something is done incorrectly (Rogers & Fisk, 2006). Further, 

Cook‟s Collage is a retrospective reminder keeping track of what actions that has been performed 

during a cooking session (Rogers & Fisk, 2006). Archipel is another cooking system developed for 

people with ABI that can learn which parts of a cooking session a user have problems 

accomplishing (Bauchet, Pigot & Giroux, 2009). Archipel provide with cues in the form lighting 

up objects or information on a touch screen. The system categorizes sensor information into 

three possibilities: 

1. The sensors provide with enough information to confirm that a task has been 

accomplished. 

2. The sensors provide with an implicit clue that a task have been accomplished. For 

instance, if a cupboard has been opened it is not enough information to confirm that the 

correct object was collected but it was a clue of the possibility. 

3. The sensors provide with inefficient information. The systems should then ask the user to 

confirm. 

Further Archipel categorize deficits of the user according to four types: initiation deficit, planning 

deficit, attention deficit and memory deficit. Archipel base the type of assistance on its 

categorization of the user. Any system that is to assess the functioning of an individual must 

categorize the user. This raises questions about what kind of categories that is sufficient. The four 

types of deficits can in relation to previously presented scientific findings be regarded as 

ambiguous. Future inquiries must decide, but I hypothesize that these categories largely overlap 

within a larger (and even an ABI) population. But Archipel successfully increased level of 

independence on a test group of people with ABI (Bauchet, Pigot & Giroux, 2009). Nevertheless 

some problems were observed. For example if someone used the tap the system thought that it 

was used for filling a pan but the user just wanted a glass of water. Authors say that the system in 

future should allow such extra actions.  

Concluding 
Importantly, many of these devices are developed to match a certain subgroup. How would these 

aids help a more general population? Also important to realize is that most of these devices are 

not on the market so to speak and has generally been tested on relatively few subjects. 
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From the two perspectives of memory research it is notable that many aids exist within the 

traditional paradigm; this because they exist to alleviate an internal decline, and has not been 

aimed to be incorporated in an already distributed system of remembering. But many aids are also 

flexible, inheritably so, like Dictaphones, or artificially adaptable, like intelligent technology that 

stress successful human-machine cooperation in an everyday environment. The next chapter will 

discuss these issues more thoroughly.     
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Discussion 
Memory processes has in general been attributed to the brain. A distributed view on cognition 

suggests that this is not necessarily the case even though there are indeed processes of the brain. 

Traditional memory research has revealed many things about the nature of those internal 

processes. One is that they are closely coupled with the external world and can be explained as 

changeable in relation of the external world. The brain has through its processes the ability to 

remember; but memory itself as it has been used is a partly scientific and a partly social construct 

of explaining a substantial ability of humans. This distribution of a substantial ability allows us to 

criticize the concept of memory, which in turn impacts on the notion of memory aids. Memory 

decline has largely been the social cancer of aging, and many of those concepts within memory 

that with graphs shows decline as a consequence of age indeed shows that there is a change. Such 

concepts should not be underrated because they proclaim a change that is worthy consideration, 

but they should also not be overrated because noting a change is not the same as understanding a 

change. For the sake of memory aids we need understanding. I think if we want to explain 

remembering we cannot use borrowed terms of general psychological constructs. If humans 

already scaffold with the external world to remember – which signify that the world is a memory 

aid in itself – what role will external memory aids play in that process? 

First it can be argued that what connotes an external memory aid is that they have been 

developed and evolved deliberately to aid memory. Such is the definitions by many. But 

nevertheless we have deliberate objects in the world to aid memory that should fit with all the 

other (not as deliberate) processes of remembering. For instance research show that prospective 

memory tasks are cued by subliminal features of the external world. Therefore it can be argued 

that an aid for prospective memory must be fit into that patchwork of already existing cues. If an 

agent is already successfully cued by the external environment to remember things to do at a 

specific time or at the occurrence of an event an assistive aid that also reminds could be 

experienced as a superfluous reminder. As agents often use their vision and interactional skills to 

non-deliberately guide them in the world it is not clear to what extent an aid should be counted as 

the sole entity of compensatory means for a decline. The literature also speaks of cues and aids as 

definitional separate things. It is possible that an aid can be the vehicle of cues but an aid can also 

consist of information, like reminders that explicitly informs someone what to do. Svensk (2001) 

makes no difference of cues and aids, likely because he, inspired by Hutchins (1994) emphasize 

structures that assist, and in line with Merleau-Ponty (2004) sees objects as in a psychological 

relation to the subject. We do not know very much about cues as Hoven and Eggen (2008) 

shows, therefore, at present, a cue can be anything, within or without the structure of an aid. If 

there is one, the difference between cues and information is likely a continuum. Could the lack of 

knowledge of cues explain why authors like Intons-Peterson and Fournier (1986) include ―no 

memory aid‖ as worthy concept among memory strategies?  

Second it can be argued that external memory aids contribute to the process of remembering –

internally or distributed – but this is also often not the case. Many aids are not for the purpose of 

just aiding memory. Many aids has been developed for people with pure amnesia, for those, it is 

possible to argue that an aid is an external memory aid, but for most people in need of assistive 

technology it is not just about memory. It appear as if the word of memory aids exist as a 

consequence of the western idea that memory is the prime feature of the human mind, as the 
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ability that turns us into nothing if it does not remain, hence we grasp for something we do not 

want to lose. Memory is often used as reference for problems of individuals but what we often 

do when we scaffold with the external environment is not just about memory, it can also be 

about interpretation: ―Memory is only a fraction of cognition. It is dependent on the prior activity of 

interpretation, since what we remember depends on how we interpret the remembered situation. How we interpret 

things is another aspect of cognitive coupling that cue structure can facilitate.” (Kirsh, 2005, p.15) 

External memory aids has a role to play in the lives of older adults but in what form and in what 

annotation is for this chapter to discuss. 

Design for variability and change 
A commonly used idea is the one of a design for everyone, this as the problems experienced by those 

with cognitive decline are universal in the sense that they in the right situation can be experienced 

by anyone. It could be argued that in a modern society, design of cognitive assistance must be a 

design for everyone and not only for specific users. Even if the design of assistance in reality is 

for one person some of the major flaws may still be diminished by a careful design for everyone 

(Svensk, 2001). In a complex world everyone prefers coherence, security, experience and 

precision (Svensk, 2001). It is possible to rewrite this into design principles like affordance, 

visibility and feedback but I omit that for the purpose of the aim of this report. Importantly, 

design ideas are not for the extraordinary, the disabled or the ordinary, they are for everyone.  

By studying the use of a calendar functionality in mobile phone Ehrenson and Gudjonsdottir 

(2005) developed a working model for design of external memory aids for everyone, with or 

without cognitive problems. To include ―everyone‖ they used three groups of people that would 

represent three levels of assistive need. The first group consisted of people with no functional 

declines. The second group was people with whiplash-injuries that often experience cognitive 

problems. The third group was people with ABI with outspoken cognitive problems. Even 

though their study investigated different groups of people with different problems or no 

problems Ehrenson and Gudjonsdottir (2005) managed to describe the problems the participants 

described under three personas that all three involved people with a normal brain functioning. 

Albeit, a difference between normally functioning and those with ABI was that the latter 

expressed a need of more personal guidance of the product. With regard to designing for 

everyone Ehrenson and Gudjonsdottir (2005) concluded that even though the groups intrinsically 

differed from each other the requirements of the groups are not necessarily different; the groups 

rather strengthens the requirements suggested, and the main difference between the groups is the 

consequences of a failed achievement of requirements rather than the requirements themselves. 

This certifies the future of the idea of a design for everyone. 

In the area of elderly it can also be argued that the design for everyone is complex, this as they are 

such diverse group (Hawthorne, 2003 as cited by Sjölinder, 2006). Norman (2004, p.16) says that 

―the focus upon individual people (or groups) might improve things for them at the cost of making it worse for 

others. The more something is tailored for the particular likes, dislikes, skills, and needs of a particular target 

population, the less likely it will be appropriate for others‖. A solution would be the option of choosing 

whether to use a specific function or not, but as said elderly would also have a problems of 

choosing (Hawthorne, 2003 as cited by Sjölinder, 2006). Further it is important to realize that the 

ageing process is an everchanging process and designing for such process must be as adaptable as 
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the process (Sjölinder, 2006, p.33). In general, individuals or groups of people can be regarded as 

moving targets because as interaction unfolds the interaction change into possible unexpected 

ways (Norman, 2005). Another, perhaps more suitable term is ―design for diversity‖, as described 

by Sjölinder (2006). There is a point in arguing that a given design cannot in its minuscule details 

be a design for everyone. But on the other hand it is possible to say that a given design can at 

least be based on basic human abilities such as those previously described in the chapter of 

natural memory. We do scaffold with the external environment in certain ways, everyone does, 

but in its dimensions in more or less extent. A design for everyone therefore includes a design for 

diversity and if the aging process is an ever-changing process I propose a concept and metaphor 

of design for cognitive variability and change. Because that is the reality of the working brain, and that is 

the reality of the relationship between the brain and the world.  

The adaptive subject versus interventions 
As described, the ability to compensate and adapt to the environment is innate in human beings. 

This anticipates that humans progressively change their internal wiring and scaffolding with their 

external world with declining abilities. In the case of amnesia the change is often sudden, but for 

the average human reaching senior ages it is a process. This foresees that the idea of intervention 

must be different for people that gradually changes, compared to those with a sudden change.  

More recent neurological findings describe how allocation of functions changes in the brain as we 

grow old. Even if it is a sudden change or a elongated change it will not be possible to reestablish 

(if possible just fragmentarily) the previous pattern of distribution in the brain, and therefore the 

locus of compensation can be allocated in trying to assist the lost abilities, or to assist the 

individual with activities with those abilities that remain. This could be seen as a rhetorical 

difference but I believe it is also a practical. I reckon the second approach as a far more fortunate 

approach for a couple of reasons that will unfurl in this discussion. Eysenck and Keane (2010) 

see the traditional research on memory and the research on everyday memory abilities as both 

conducing insight of the memory phenomena as a whole. I think that this is a fruitful and a 

necessary idea. Explanations on a neurological level are starting to explain more specific 

functional uses of brain processes and real existing problems of older adults. Saying that older 

adults have a problem with episodic memory is not completely true. Older adults appear to have 

problems with specific processes necessary for what we name episodic memory. It is possible to 

use a neurological entryway in deciding what an aid should focus on and on what transitions of 

aging an aid should enable. A further possibility is to predict how individual differences will look 

like in for example genetic differences; but in that area, despite efforts, we appear to know very 

little (McGue & Johnson, 2008). In the future we can use that knowledge to predict cognitive 

markers of change and compensatory behaviour to adjust aids accordingly.  

The idea that everyone is adaptive in the everyday reality makes it necessary – as some studies 

have – to understand the role of everyday technology. As younger generations grow into a society 

where many things can be counted as external memory aids they are likely to adapt to their 

declining abilities with the aid of these everyday means. As occupational therapists starting to 

suggest everyday technologies such as mobile phones and Google calendars as assistive 

technology for people with declining abilities the meaning of the word of assistive technology 

becomes a blur. Once again it is important to realize that human usages of artifacts are not 
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phenomenal constants. The usage of artifacts, especially when the situation becomes complex, 

always consist of a degree of uncertainty. It is therefore important when considering a wide 

population such as older adults to be cautious against viewing them as deterministic agents. 

Wilson (2002:2) noted the ethical consideration of this but it is also a practical problem. Every 

human can be seen as more or less in need of habits and routines. From a cognitive perspective 

habits and routines exist as a way of coping; and as developed aids show, specific groups can 

benefit from aids that establish routines, and perhaps even older adults to some degree can 

benefit from such systems. But I think it also likely that systems that exist to structure the 

everyday must involve some level of indeterminacy of the nature of behaviour. Some so called 

intelligent systems try to do be more adaptive. This indeterminacy is not just about the behaviour 

of the user in relation to her life it is also indeterminacy in relation to the aid. Lexell, Lindén, 

Lövgren Engström and Larsson (2008) says that it is important to map strategies used by the user 

to overcome difficulties with the aid itself, this as they noted that for people with acquired brain 

injury some strategies were in the aid of the activity and some were not. 

The idea that everyone is adaptive also brings attention to the fact that the process of 

remembering is a social phenomenon. We adapt to people around us and we scaffold with people 

in our social surrounding to secure activities. Interventions must be adaptive to this. It must be 

adaptive in the sense that they contribute to the social life of the users and it must be adaptive in 

the sense that an aid adjust if someone in a given situation rely on a social scaffold to remember. 

Remembering as social phenomena as described by Sutton with others can also minister design 

specification. As we rely heavily on our social scaffolds to remember we also bring requisites for 

such scaffolding, this as reminiscence among humans has been social and transactive for some 

evolutionary time. These requisites could hint what the goals are for a given activity. This raises 

questions whether a changing ESS as proposed by Donald (1992) invites to new ways of 

scaffolding, or if they are fundamentally the same as previous generations? Rosenberg (2009) 

suggested that best result for intervention is reached if the intervention is addressed to the subject 

and the significant other, but the knowledge of how to do that is sparse. It is likely that they 

should be viewed as an already existing system of memory rather than a subject with impairment 

and her/his relative; and in the case of the general elderly population impairment is often not the 

prevalent case, and therefore viewing people living together as a system of remembering or a 

system of coping is perhaps more downright and imperative for the adoption of aids. 

Different subjects and interventions 
I have tried to argue that the process of intervention in regard of an adaptive changeable subject 

must be modelled according to some unpredictability. There are several predictors as noted by 

the literature but many of them are rather general. It is for example important to consider pre-

morbid lifestyle and personality. What kind of pre-morbid lifestyle and personality must be 

considered? This notion is about interindividual differences, but differences can be viewed from 

several levels. This thesis has noted that the human ability to remember is guided by different 

ways of scaffolding. For example we have an embodied way of interacting with the world and 

hence a way of remembering that is guided by the embodied skill; we have a social way of 

scaffolding which means that we interact with others and hence letting the outcomes of the social 

interaction become the course of the reminiscence; we have a physical scaffolding with the world 

which means that we can structure and become something in coalition with the structure. If 
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structure changes, some effort is required to use the environment for further scaffolding. It can 

be hypothesized that these abilities come differently for different individuals, some rely more on 

social relations to remember and some likely rely more on their physical and bodily interaction 

with a known environment to notice subtle changes and status of their environment. If this 

hypothesis is correct, assistive aids must know this and provide with different means of 

remembering. Further predictors mentioned is in what way the aid is corrected to aid in the 

routines of the individual and also how the aid works for the individual and her relationships to 

her relatives.  

In a way, the aid must know its user. As we have seen, some aids try to do this automatically, 

although not yet those on the market. Some try to categorize their user and some try to adapt to 

the changes in routines of the user. But these aids try to exert control of the environment by 

changing its attitude to an unpredictable factor of the environment, the user. The goal of the 

activity is in the hands of the aid so to speak. This is different from trying to achieve something 

cooperatively with the user – a view that I believe is destined to be the only course relevant for 

the general population of older adults. In such circumstances the goal of an activity is defined by 

the user together with the aid, hence the activity of remembering is done through the aid, by the 

user. I believe that means of remembering must be even more respected when the purpose of the 

aid is to allow its user to be in control of the activity. It is as noted in the important that an aid is 

meaningful for its user and I think that ways of doing things enhance its meaningfulness. The 

cliché says that the course is more important than the goal itself; I think that they are at least 

intrinsically linked. Of course this must be tested. This predicts that an aid that successfully tries 

to aid subjects with one of the following functions while still letting the subjects to be in control 

of the process will achieve more meaningfulness scores than those that are not, and hence be a 

more successful aid: (1) structuring of information subjectively relevant for the user, (2) 

enhancing socializing, (3) letting the user interact with the aid in ways that are common for the 

user.    

I also think in course with previous literature that there are differences within these categories of 

scaffolding. Hastily I mentioned the concept of projection in an earlier chapter – the ability to 

project experience on external structures. The idea of projection predicts that humans perform 

better if they are provided with a physical structure that they can augment their internal processes 

onto. For instance, it is easier to play tic-tac-toe without writing if you are provided with an 

empty grid to project representations onto (Kirsh, 2010). Kirsh (2010) showed that this was true 

both for a physical activity (like tic-tac-toe) and embodied activity (like dancing), where fingers 

worked as ways to anchor projection on a structure. The study by Kirsh (2010) was done on 

professional dancers; it is therefore plausible to believe that some level of expertise is required if 

abstract structures allow an individual to project her representations. What is the implication of 

this for the everyday usage of remembering and remembering with the external environment and 

aids? I believe, rather unspecified, that the structures in our vicinal environment can help us 

project our mental lives (see remembrance) onto the structure. A percept of a clock can help us 

retrieve information of a visit and solve the problem of remembering. The allocation of objects 

and how we have practiced upon them can aid us to execute sequences of actions of an activity. 

A picture of a family tree or social network could assist with a structure to project thoughts of a 

social character like relationships between individuals. What is positive with these kinds of 
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structures is that they do not deprive individuals of control; they simply let them augment their 

thoughts. The work by Hoven and Eggen (2008) of how aids should support cuing is important 

in this area because it can provide with some kind of measure of how and what kind of cues that 

works efficiently. As studies say that elderly do not want to be deprived of their abilities of being 

in control aids must be as implicit as possible. Structures should be as abstract as possible to 

work; cues should be as subtle as possible to work. But this must be contrasted against the 

contextual fan which says that as humans grow older their associative network increases; and 

meanwhile level of control decreases the abstractness and subtleness of aid should be just as 

specific as it must to allow a subject to cue and project her thoughts. 

What should an aid be? 
With this said about memory processes and the adaptive nature of humans and individual 

differences it is possible to start defining what an aid should be. 

For me it is clear that assistive technology should be part of the model of the process of 

remembering and should be explained accordingly. But as the literature has noted, it is possible to 

speak of a decline of certain functions even though such functions do not come without changes 

of other functions. If the assistive technology should be in the aid of processes in the brain they 

should aid the following qualities:  

(1) The aid should help the user to form associations and bind information. 

(2) The aid should help the user with source memory, which is to notice the user when 

something is incorrectly reminiscent as a true memory. 

(3) The aid should help the user to form and use cues. 

(4) The aid should help the user with executive functions in general; that is helping the user 

to be focal in relation to an activity; this because older adults are more likely to be 

affected by interference. 

(5) As older adults rely more on familiarity the aid should interfere when (a) the user is 

incorrectly familiar with something and when (b) the user miss something that is not 

familiar or common. 

In regard of declining abilities above the aid should also assist self-initiated strategies of the user 

as far as possible. This involves structures that help older adults to project mental activity and 

thusly experiencing themselves being in control of the world. An aid should be social in its nature 

and suggest activities by prompts. The aid should be part of the routines and habits of the user. 

An aid should also be intelligent enough to change according to intrainidvidual variability and 

other changes in the routine-based everyday. Everyday is never as habitual as we often think. 

Paying attention to declining abilities is a necessity but it is also possible to regard functionalities 

as Intons-Peterson and Fournier (1986) did. They noted that external aids should be when there 

is potentially interfering activities, when there are long temporal intervals, when there is need of 

high accuracy, when information is difficult, when there is limited time and when memory load 

should be avoided. Understanding the role of aids must therefore map when these functional 

needs occur in activities.  

The logical continuation from this is to answer what kind activities to assist. Should it be 

activities of daily living (ADL), instrumental activities of daily living (IADL) or enhanced 
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activities of daily living (EADL)? Even though literature often cites these terms when assistive 

technology is deliberated, literature also picture a different idea, that is, it is strenuous to work 

from either end or within a specific category. When considering the cognitive it is easy to do so 

with blinders towards the top of mental life, but is also imperative to view cognitive life, in this 

case, memory abilities, as part of activities that are dependent on us as physical, social and 

embodied beings. A holistic view would note that supporting ADL or IADL without considering 

EADL or assuring an operative EADL is a dead end. Hendrie et al. (2006) noted several, not 

cognitive predictors that predict cognitive functioning, and HERMES found that many non 

cognitive needs are important if assistive aids are to be part of the lives of elderly. Pollack (2007) 

said that most aids have focused on compensation and assurance of safety, while fewer systems 

assess health. But as she noted, for a system to be truly compensatory adaptive to someone 

assessment of health and functioning is a prerequisite. As noted from the ethnographic study 

much conversational effort is allocated to the subject of health. To wonder about health is surely 

an indispensable instinct, this to assure every level of daily activity. Having viewed the piles of 

healthcare papers in the homes of elderly and listened to theories of their health and interactional 

problems with a crude healthcare system assistive technology for a wider population could assist 

activities that everyone in society necessarily is bound to cope with, and even more prominently 

the older population. Taking pills at specific times, I believe, is the merest problem of the general 

older population. 

Modelling of the memory phenomena 
―If we wish to understand how this process becomes possible, and what, in 

detail, may be its conditions, we have to study what precedes and, it may be 

also, something of what follows its place in the developing life a man. 

Remembering is not completely independent function, entirely distinct 

from perceiving, imaging, or even from constructive thinking, but it has 

intimate relations to them all.‖ (Bartlett, 1932, p.13) 

―I get the idea of a memory-content only because I assimilate psychological 

concepts.‖ (Wittgenstein, 1953, p.231) 

How are we to model something that is not completely distinct from other processes? One way 

of doing this is through a neurological angle by considering more specific processes rather than 

general psychological functions. Another is to view ways of scaffolding with the world – through 

a social, physical and embodied perspective (and perhaps other perspectives). Bechtel, 

Abrahamsen and Graham (1999, p.90-98) discuss an identity crisis within cognitive science where 

one arrow goes outwards and one inwards; the first consider the human in an environment and 

the second consider neurological processes of the brain. Science that considers one of the arrows 

generally do not consider the other arrow within the same paradigm, the arrow outwards have 

more dynamical principles while the inward arrow consists of trying to reveal mechanisms. This 

identity crisis is reflected in the structure of this thesis. I have earlier advocated a more dynamical 

(and even holistic) explanation of the memory phenomena, because I believe that a dynamic 

explanation will to some part eradicate the concept itself to be the blur among concepts it really is 

and stop being the explanation itself. The study of the ability to remember in the everyday life 

and how people scaffold with the world can under the best circumstances reveal something about 

what the brain does. But the careful study of brain mechanisms can also under the best 
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circumstances reveal possible ways of scaffolding and interaction with the world. The study of 

the arrow outwards must guide the study of inwards and contrariwise. Some time has progressed 

since Bechtel, Abrahamsen and Graham (1999) described the rift and they also thought that the 

rift could be viewed as exaggerating the state of cognitive science. If we want to explain cognition 

we must explain it as a model of both neurological structures of the brain and as a behavioural 

phenomena. I believe that the crossover of the rift lies in the concept of complexity: ―In such 

complex system, those attempting to develop mechanistic accounts may require the dynamicists‟ tools. On the other 

hand, successful dynamical accounts relating different brain and environmental parameters themselves call out for 

explanation. What underlying mechanisms produced the behaviour described at an abstract level by the dynamical 

equations?” (Bechtel, Abrahamsen & Graham, 1999, p.97).  

It is possible that successful and unsuccessful assistive technologies will recount aspects of the 

phenomena it tries to assist. But many also calls for theory to guide the process of intervention: 

―When a person is using, or interacting with technology this takes place in a context in space and time, with or 

without other persons, in a given place with other physical objects and sometimes also in a system where different 

technologies are connected to each other such as in a telephone net or water system. To elucidate this complexity, 

theory is needed.” (Rosenberg, 2009, p.8). The present conceptual use of external aids comes from 

the indulged belief that memory is detached from the external world and that humans first have 

internal strategies, and then, on top of that, they have external interventions. From a 

developmental perspective this view is partly misguided as findings suggest that many strategies 

start from the interaction with the world; and even if it is true that we internalize these strategies 

(as suggested by Vygotsky) throughout the course of development and becomes more detached 

from necessary external scaffolds it must be questioned if we are detached throughout the entire 

lifespan and in every peculiar situation no matter how demanding. I believe it is evident that we 

are not. In the aging process literature suggest that the control process of remembering becomes 

more externally allocated, but literature also suggest that everyone under conditioned complexity 

and stress allocate likewise. I think that that modelling of memory and interventions for a 

changing demography would benefit from a taxonomy of ways to scaffold with the external 

world that more directly will relate to possible ways of assistance. For instance the concepts by 

Kirsh (1998) try to answer what an aid is in Heideggerian terms ready-at-hand. Kirsh (1998) says 

that virtual objects can be passive reactive, active and information spaces. In this view it does not 

matter if the interventions is internal or external, attached to concrete or a necklace around your 

neck. It is also possible to see a transcendental nature (Merleau-Ponty, 2004) of an interactional 

taxonomy where more focus is on subjective relations to objects and structures. In the 

modernistic view of cognition we must study the interaction between subject and object 

(Wheeler, 2005) and we must view in what way interactional aspects contribute to the notion of 

an activity (Norman, 2005; Vygotsky, 1978). Any taxonomy of ways of scaffolding as a 

contributor to the memory phenomena (if so preferred) should at least hint how successful 

scaffolding occurs. 

Baddeley (1992) - partly with same purpose but with a different focus as this text - tried to bridge 

theories of memory and the practice of memory interventions in the leading chapter of the book 

Clinical Management of Memory Problems. Baddeley (1992) mean that theories of memory, despite the 

need for intelligent interpretation within the profession, can act as a map for clinicians. I agree, 

but I think that the the concept memory should be used cautiously, not just because of what I 
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mentioned previously about the impossible or special mission to differentiate memory processes 

from other processes but also because of what was earlier mentioned about the consequences of 

stereotypes. For this thesis it appear evident that the sign of older adults ascribe general memory 

decline, and even if older adults do not experience a large general decline studies suggest that they 

are sensitive to the social construct of a memory decline as attributed to the age group. In 

gerontology ageism has gained feedback from curves that show the general decline of abilities 

such as episodic memory. A problem with such curves is that they do not explain the process of 

ageing, they nearly hint a possibility. Terminal decline is the sudden decline of functioning that 

occurs before death. If everyone experiences such decline the mean value across a population 

would display a gradual decline of functioning, and explain nothing about the process of decline 

(Andersson, 2008). The western culture seems to have an irrational fear of forgetting 2 . But 

forsooth along with ideas of other (see for instance Schacter, 1999), forgetfulness is substantively 

and most of the time not an impairment. Society and science need understanding and better 

concepts for higher cognitive functions. My point is not just that minor indices of forgetfulness 

should evade the prospect of atypical decline, but also that minor indices of forgetfulness should 

be measured in the reality of how memory really functions; how even the normal population, as a 

sequel of evolution can experience forgetfulness in the everyday, this as the everyday accelerate 

and is turned into a more complex living. The important point here is that negative stereotypes 

affect us negatively in an unconscious way. A longitudinal study even shows that negative age 

stereotypes early in life (18-39, n=229) double the likelihood of experiencing a cardiovascular 

event after age 60 (Levy, 2009). As it appears that older adults perform worse when the tests are 

explicitly insinuating memory tests it is plausible to believe that naming something an external 

memory aid affects the performance of the human negatively. Second it appears to be a resistance 

among older adults to use aids that insinuate their lack of ability or control. Therefore it is 

plausible to believe if we try to create assistive technology that should assist memory it should 

not play on the concepts that points out disabilities or necessities of declines. When it comes to 

episodic memory I am, as my age notary writes, on the crest of my life performance. It is all 

downhill from here. The use of an aid should be the natural way of an activity.  

This thesis as a whole has tried to emphasize a more natural view of memory where even words 

like memory processes should be tentatively interpreted. This shows a serious view of how we 

should represent remembering and in the end model memory.  If we want to say that something 

depends on changes of our internal set in our brain one must ask how much and in what way? Is 

there a possibility that it is combination of internal and external events? We need to be specific. 

Complexity and control 
With the phenomena under scrutiny for this thesis being complex and inseparable from a 

multitude of other abilities and the purpose of aids are to be in control of lives in complex 

realities where achieving activities is the goal, this section hypothesize that it can be worthwhile to 

frame the relation between subject and her external environment within a paradigm of control. 

                                                 
2 See for instance an article earlier this year in New York Times were Margaret Morganroth Gullette spoke about 
‗our irrational fear of forgetting‘, http://www.nytimes.com/2011/05/22/opinion/22gullette.html (Retrieved: 2011-
07-19) 
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The subtitle of an introductory book by the Swedish institute of assistive technology about 

assistance for neuropsychiatric disabilities reads: ―you can‘t have chaos both inside you head and 

at home‖ (Brun, Grönberg-Eskel & Fritzon, 2008). Even though not aimed for the particular 

population as this thesis I will bear with the thought that the idea in its profound form is also 

relevant for the normal population. The basic form of the idea is that how we are adapted or 

inapt in our everyday lives depend on a complex interaction between brain structures, cognitive 

functions, near environment and societal structures (Brun, Grönberg-Eskel & Fritzon, 2008). It is 

likely exaggerated that the process of aging can be pictured as chaos, but nevertheless it can be 

pictured as a need of order and control. 

This idea substantiates from the implicit and explicit re-occurrence of concepts throughout the 

literature. If a human being is considered to live independent – broadly speaking – a level of 

control must be achieved. Our ability to remember is the baseline for handling a social and 

societal environment. Even for the normal – as Ehrenfors & Gudjonsdottir (2006) emphasized – 

the life becomes more shattered as we have far more social contacts and have more specific tasks 

to execute than for just 50 years ago. Long et al. (1999) hypothesized that the predictor for the 

number of external memory aids used would be external demands, and therefore they found that 

people in their middle ages used most aids. Systems described in earlier chapter becomes more 

complex and automatic to suit the unpredictability and versatility of social humans, and as control 

is a commonly occurring word in the area of complex systems there is a possibility that area of 

the everyday can be vested with the same concepts.  Two studies noted the similarity between the 

explanation and purpose of cues in a complex environment and in the everyday environment and 

another study noted that there are similarities in decision-making between older adults and 

younger adults under time pressure. If a young adult is under time pressure, reality becomes 

complex and she must try to cope with that complexity with some kind of control, as hinted by 

Ehrenfors and Gudjonsdottir (2006). Older adults describe themselves losing their control of 

their lives if they start using technology for cognitive assistance. But the purpose of the concept 

is that the users are the ones to be in control; structures and artifacts are there to assist that 

control. Control also adheres to a more holistic view of cognition where it is not just about 

psychological constructs, where humans as social beings with a body needs those indigenes 

nurtured to be in control. 

Further, as we have noted, the brain is not about that box of immaculate memories. Memory aids 

insinuate that a perfect memory is the trend of a modern society. Immaculate memory is worth 

nothing if they do not suit activities and plans for the future. Humans always have limited 

cognitive resources and therefore actions to assist as many of those described in the earlier 

chapter are there to ―reduce the complexity of the momentary computational problems that agent face‖ (Kirsh, 

2009, p. 281). In the area of problem-solving a situated perspective speaks about mental aids that 

facilitate activity-specific reasoning (Kirsh, 2009, p.284). Mental aids instead of memory aids are 

recipient to more kinds of interaction with the world that both implicitly and explicitly relates to 

the idea of a memory.   

―Because most people become experts or near experts in dealing with their 

everyday environments – shopping, driving, socially conversing, preparing 

their meals, coping with familiar technology – they probably know enough 

about these domain to have effective problem-solving methods for 
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handling the majority of problems they confront. For the few problems 

they cannot handle, they usually have work-arounds, such as calling friends 

for advice or knowing how to halt or abort a process that let them prevent 

catastrophic failure‖ (Kirsh, 2009, p. 289-290)  

For older adults many of the activities described above becomes complex. Instead of viewing 

assistive technology as compensation for a memory loss, why not let them be augment for what 

Kirsh (2009) describe above. What can one conclude for the purpose of existing technology? 

One is that automatic recording of lives like the project HERMES must be sensitive to what it 

means to be in control of your life. Likely it is not being able to recall everything that has 

happened perfectly, but it can be about forming associations and bind information to a 

coherence, of the self if so preferred. 

Earlier a lifespan perspective of cognition was described, that in line with the Vygotskian view 

says that there is no real difference between developmental psychology and the common 

psychological inquiry. The model described three general components: representations, control 

functions, external environment. As noted the model explained less thoroughly the role of the 

external environment in relation to the other two. But we have for instance seen as some has 

argued that being in control and compensatory means is the relation between the internal and the 

external. The external world can be demanding and provoke external means for being in control, 

also for younger adults. The conducted ethnographic study exemplified the use of the external 

environment to cope with changes, and the most patent case study of JC showed how it is 

possible to build resilient functional systems. JC even tried to build barriers that if one aid was 

not enough another would be there to avoid failure. The fourth explanation of the decline of 

cognitive abilities in aging as Kester et al. (2002) explained was a decrease of cognitive control. 

Also as mentioned, this approach is beneficial because it include many, if not all, aspects of 

cognition, but on the downside the approach is far from specific. But I believe that part of the 

understanding of the role of the external environment and part of the un-stigmatizing of elderly 

abilities is to model declining abilities within concepts that face up to a complexity. 

Methodology and the future 
It is easy to see that many of the things described above are inquires for the general population, 

and not just older adults, and it is also possible to see that is not just about memory, it is about 

cognition.  

There are several reasons why future studies on the everyday technology as assistive technology 

should focus on the normal population. Studies of the atypical population suggest problems with 

trying new technology on this population because if it does not work it affects the trust of an 

already sensitive population. Trial-error does not work in the atypical population. If a mobile 

phone does not work in the typical population people turn to another one. This thesis is about 

the older population and for that population it is a matter of a process that has been pictured as a 

decline of abilities. Because it is a process of change in a general population cohort groups are 

not easily established and should likely not be. If we believe that modern technology will work we 

must first be sensitive to functionality issues, but also to the notion that technology works best if 

it has been practiced upon. In the group of ABI the term is pre-morbid lifestyle, but in the area 

of elderly decline the term is partly fallacious because it is not adequate to point out the mark 
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between pre and post. Studies show that there are plenty of relations between early lifestyles and 

later abilities. I auspicate that the technology that is to confront a changing demography is the 

one that is incorporated in the lives of the normal population and that can be adapted to atypical 

declines. This once again suggests testing on the typical population of older adults and the typical 

population of younger adults. There are also methodological possibilities of incorporating the 

normal population in studies of technology that can assist the older population. If it is the case 

that younger adults perform as older adults when put under cognitive pressure it is possible to 

simulate the effect of a technology on an older population through the younger population.  

With that said, it is important to realize that in general there is not much done on assistive aids 

for cognition for the atypical population either. The aspiration of the area of assistive technology 

is about evidence based technology that in quantitative (and qualitative) terms shows that 

technology actually works as assistance. Kirsh (2006) writes that metacognition should be about 

the concrete; not an abstract process of the internal. But you could argue that abstract internal 

processes of the subject are indeed important factors when designing, even though outer 

activities are often part of the thought process itself. With this broad spectrum of inquiry that the 

area assistive technology relates to it can be viewed as if everything is relevant for the process of 

remembering. But that is not say that everything is as relevant, everything is not an arbitrary 

entity. Because they exist in a distributed and situated perspective they are everything but 

arbitrary. Mental aids and scaffolding contribute to the activity and that can be measured. Bartlett 

(1932, p.220) said that: ―To serve adequately the demands of a constantly varying environment, we have not 

only to pick items out of their general setting, but we must know what parts of them may flow and alter without 

disturbing their general significance and functions.‖ Kirsh (2006) note economic metrics that can create 

evidence based understanding of a strategy: speed accuracy, error type vs. frequency, error 

recovery rate, variance, learnability and complexity. But this must be done in accordance with 

studies on how things are done. Coordination cannot be studied through economic metrics and 

Kirsh (2006) says that modelling and simulation can help to understand coordination but also 

note that compensatory means for bad design and the history of the user is hard to incorporate in 

a model. The article by Tobias (2009) also mentions methodological considerations and 

highlights that in real-world settings behaviour is dependent on various situations; and also, that 

the reminder of behaviour can be located with different distances from the subject, where the 

distance therefore affects the efficiency of the reminder. The efficiency of reminder is dependent 

on time, location and form. 

To know what features that are more important than others we must experiment with features in 

a dynamic real-life environment. Research has put too little emphasize on resources, scaffolds, 

interactivity, and cultural support. Situated cognition has proved itself important as a negative 

theory, undermining and criticizing the traditional view on cognition but has not yet proved itself 

as a positive theory (Kirsh, 2009). A framework of understanding the role of cues and aids for the 

older population can follow inquires suggested by Kirsh (2009, p.290) for general problem 

solving. That is to identify how and when subjects externalize, modification of environment to 

generate conjectures, interactively frame their problems (or in this case activities), cognize 

affordances and cues and allocate control across internal and external resources. Even though 

these general questions are addressed to problem-solving the aids to assist the older population 

are to be addressed to problems of the everyday and hence not far-fetched to oblige. Why are 
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cues successful and in how many ways can we be cued, when do we self-cue and when do we 

not? What affordances will be embraced by the individual and why? There is a further difference 

between dedicated things for problem-solving and thinking with things. In what way do older 

adults think with things and how can the environment assist the individual in such activities, and 

how does the environment not assist the individual at present? To find ways to scaffold that suits 

the internal clockwork is for future interest for every population but even more for the older 

population as they are more sensitive to a mismatch. Another reason why I think that studies on 

ways of scaffold is important is because they appear less likely of being affected by generational 

aspects. Is it possible that types of scaffolding are a kind of basic human ability?  

Several studies note the lack of studies on the process that lead to successful memory 

performance, it is therefore important to realize above consideration on a temporal axis so that it 

is possible to understand the process across time. Hultsch, Strauss, Hunter and MacDonald 

(2008) presented dimensions of variability but it is still unknown how important it is to pay 

attention to variability when it comes to assistive technology. This should be studied. 
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Conclusions and future inquires 
The road of important aspects to consider in the development of external memory aids for the 

elderly population has been miscellaneous and we have hastily absorbed an area vast that invites 

for general conclusions in two categories, and needs of future inquires.  

 The analysis of memory aids in the light of the two existing views of remembering 

suggests that many existing aids often rely on the traditional perspective of memory. This 

as they often conforms to a decline as an absolute internal entity, although they aim for 

compensating a function that already was distributed in the younger population. This 

conclusion contains future inquiries in the area of assistive technology for the typical 

older population as formulated below: 

 Technology to assist the older population should be modelled as an intricate 

component in an already complex system. 

 Technologies and structures should be measured in how they contribute to an 

ongoing activity, not how they compensate for a decline. From a holistic 

perspective it is also important to question and ask for some thoughts about the 

choice of activities to assist in the general older population. 

 Being in control in the complexity of everyday life is a possible way of 

understanding technology of the everyday in relation to declining abilities. Are 

technologies that let the individual experience herself as in control more easily 

merged with the everyday life? This question emphasizes the experience of 

technology, but it is also a matter of coherence of information necessary for 

handling an everyday. 

 Memory is a praised and stigmatized word, and memory aids are hence likely to 

initiate a negative stereotype in the general older population resulting in a 

counterproductive feature for the purpose of the aid. How this affects 

performance is yet unknown. 

 Literature suggests scientific inquiry to the usage of so called intelligent assistive 

technologies that automatically adapt to the users. This research is in its infancy 

and evaluation in the typical population is called for. This is also a technological 

and software-based inquiry. How are for instance future technologies to 

automatically handle several users with different needs and behavioural patterns?     

 Decline in the ability to remember as a consequence of aging is in an intricate relation 

between representations, control functions and external world. Changes by age should be 

viewed through the complexity it beholds. This conclusion lead to a couple of 

consequences as described below. 

 Future scientific inquiry should consider a lifespan perspective; how humans in 

several instances and different situations use the external world to cope with 

context and activities, and further also how this relates to a perspective of 

individual differences.  

 Future studies should focus on ways to naturally scaffold and incorporate how 

natural ways of scaffolding can inspire artificial structures of the external 

environment for the older population. Development of technology that assists can 

benefit from a taxonomy of natural ways of using the external environment to 
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remember and support cognition in general. Cues for instance, remain as a mystery 

in the everyday life. 

 What function and structure in the brain an external entity is in coalition with is 

significant knowledge. An explanation should not suppose the existence of 

memory as a mental entity. 

Finally, future studies should focus on evidence based studies of technologies; this to achieve a 

societal understanding of the importance of mental tools for the typical older citizen. Utility will 

likely follow from explanations of ways of scaffolding, that is, what an object is, ready-to-hand. 
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