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ABSTRACT

Traditionally, studies of changes in metacognition with age have employed self-assessment 

questionnaires, but this approach has been justly criticized on methodological grounds. In 

this thesis, the calibration o f subjective probabilities is used to examine the effects of aging 

on metamemory performance. This radically different technique allows the ‘realism’ of 

confidence judgments to be determined, and the degree of over- or underconfidence to be 

quantified. The calibration performance of younger and older adults is investigated in both 

episodic and semantic memory tests, and with two types of stimulus sampling (random and 

selected). The memory tests are always two-alternative forced choice, and a confidence 

rating is elicited for each memory judgment made. The aim of the study is to determine 

whether or not realism of confidence judgments changes with age, but in addition, the 

relationships between crystallized and fluid intelligence, self-esteem, memory performance 

and calibration are examined. The calibration performance of both the younger and older 

subjects was found to vary systematically with task-difSculty and appeared to be 

independent of the stimulus sampling procedure employed. This result supports a 

‘pessimistic’ view of calibration (e.g. Ferrell & McGoey) and is inconsistent with ecological 

models jfrom the ‘Optimistic’ School (e.g., Gigerenzer, Hofirage & Kleinbolting, 1991; 

Juslin, 1993, 1994). However, a meta-analysis revealed that the old were consistently more 

overconfident than the young - a result which cannot easily be explained by calibration 

models for either school - or indeed by an appeal to changes in intelligence or self-esteem 

with age. An alternative explanation is proposed, based on recent research into the effects 

of random error in judgmental processes (Erev, Wallsten & Budescu, 1994). It is 

concluded that older adults may in fact be no more biased than younger adults when making
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judgments concerning their memorial capabilities, but that increasing age leads to greater 

variance in the error component associated with their judgments, resulting in the apparently 

greater overconfidence they exhibit in comparison to the young.
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Chapter One

METAMEMORY AND AGING

1.1: Introduction

The term metamemory was originally introduced by Flavell and his co-workers (Fiaveli 

1977, 1981; Flavell & Wellman, 1977) to describe how children develop knowledge 

about their own memory functioning and memory skills. Flavell and Wellman 

suggested that as children grow older they become increasingly aware of the need to 

select effective strategies in order to remember successfully. This ability improves as 

the child becomes more adept at monitoring his/her own memory system and also 

becomes more aware of the capabilities and limitations of that system. The term 

metamemory is now also widely employed in the area of adult development where it is 

used to refer to knowledge an individual possesses about his/her own general memory 

functioning. Metamemory can be considered to be a subcategory of metacogw/now, 

which Salthouse (1991) defines as: operation o f executive processes presumed to

be responsible fo r control and monitoring o f all aspects o f the cognitive system, 

including selection and execution o f strategies for the performance o f specific 

cognitive tasks’’’ (p. 206).

1.2: Aging and Metamemory

There is little doubt that negative changes in memory occur with age. If metamemory 

functioning is also shown to decline with age then this could - according to Kausler
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(1991) - have serious implications for the memory performances of the older individual. 

Salthouse (1991) concurs with this view and proposes that comparisons between adults 

of different ages may be meaningless without having an understanding of the beliefs 

individuals holds about their own cognitive processes or, how they make use of them. 

However, demonstrating that age-differences in metamemory exist has, to-date, proven 

to be problematic (e.g., Kausler, 1991; Loewen, Shaw & Craik, 1990; Perfect & 

StoIIery, 1993) with some investigations finding evidence for age-related decrements in 

metamemory performance, whilst others state that they have found no such differences. 

This lack of consensus amongst researchers can be essentially attributed to two main 

factors: i) the definition and employment of the term ‘metamemory’, and ii) the way in 

which metamemory is typically investigated.

1.3: What is Metamemory? - Some Definitions

As interest in carrying out metamemory research with older subjects grows (Kausler, 

1991) a number of writers have become increasingly concerned about the way in which 

the term metamemory is so ubiquitously employed (e.g. Light, 1991; Rabbitt, 1991; 

Perfect & Stollery, 1993; Salthouse, 1991). For example Loewen, Shaw and Craik 

(1990) observe that memory abilities such as strategy use, knowledge of task demands, 

and self-assessment of memory performance are all studied under the heading 

metamemory. Perfect and Stollery (1993) observe that that the way in which 

researchers characteristically investigate the various conceptions of metamemory, along 

with the numerous range of tasks that they employ to do so, means that the term is

-25
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now used so ‘globally' as to render it almost meaningless. Metamemory, they point 

out, like memory itself - cannot be viewed as a unitary concept and therefore the 

application of such a term without proper explanation of its usage conceals more 

than it reveals” (1993, p. 120).

Clearly metamemory should be regarded as being multidimensional in nature. Looking 

through the research literature it can be seen that despite the dissension surrounding 

the use of the term, a number of researchers do agree that metamemory can be broadly 

defined as referring to the understanding the individual has of his or her own memory 

functioning (e.g. Hultsch, Hertzog, & Dixon, 1987). Investigations carried out into 

metamemory ability can be grouped under one of three main headings: Memory

knowledge; Memory beliefs; and Memory monitoring, (e.g., Hertzog & Dixon, 1994; 

Hertzog, Dixon & Hultsch, 1990a; Light, 1991; Salthouse, 1991).

1.3.1: Memory Knowledge

This refers to knowledge an individual holds about his or her own memory in general, 

and includes knowledge about the functioning of memory, and the use of cognitive 

strategies for tasks requiring memory processes. Such memorial self-perceptions may 

become particularly critical in later life, contributing significantly to observed age- 

related declines in performance. If a concomitant of aging is that the individual 

becomes poorer at monitoring his/her own memory processes and, as a consequence, 

less efficient at recognizing when to employ appropriate mnemonic strategies, then this

- 2 6 -
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would go some way to explaining age differences in memory performance. Knowledge 

concerning the functioning of the memory system is considered important for decisions 

regarding which strategy should be employed in a given situation. For a person with 

poor metamemorial knowledge may not adopt an appropriate strategy even in those 

situations where it would be beneficial. Much of the research on age-related deficits in 

memory performance has attributed such deficits to failings on the part of the older 

individual to use strategies efihciently (see Light, 1991). Hence, it has been argued that 

older adults do not perform as well as young adults because young people employ 

more strategies, and have better metamemorial skills.

Nevertheless, Hultsch et al. (1987) report that a review of the available literature 

reveals a number of inconsistencies. For example, although several studies have failed 

to find age differences in reported use of memory strategies (e.g., Dixon & Hultsch, 

1983b; Perlmutter, 1978) others have reported that older adults use fewer strategies 

than younger adults (e.g., Murphy, Schmitt, Caruso & Sanders, 1987). A study carried 

out by Brigham and Pressley (1988) indicated that age differences do exist in effective 

strategy use. They presented a learning task accompanied by two akemative strategies, one 

of which the authors had previously determined was a more effective way of assisting 

learning; they proposed that it would be possible to evaluate the effectiveness of strategy 

monitoring by establishing the preference for this strategy after eveiyone had used both 

strategies to perform the task. The results showed that 98% of the young adults chose the 

more effective strategy compared to only 42% of the older adults. Brigham and Pressley

27-



METAMEMORY AND AGING

concluded that older adults may be less eflScient at monitoring the relative effectiveness of 

appropriate strategies than the young.

1.3.2: Memory Beliefs

This refers to memory self-efficacy - an individuals awareness of his/her own memory 

abilities and his/her competence in using them appropriately in (memory) demanding 

situations. The beliefs an individual has about his/her own memory capacity, about how 

much memory changes and the degree to which memory performance is under personal 

control may all influence memorial achievement (Cavanaugh & Green, 1990). The 

(fairly) robust finding that memory declines with increasing age may be the result of 

more than just age-related changes in basic memory processes, it may also be a 

reflection of changes in an individuals self-efficacy which may affect the individuals’ 

comprehension of the cognitive demands of a situation and the likely outcome of 

his/her behaviour in such a situation.

On the whole, older adults tend to perceive themselves as less efficacious on many 

cognitive tasks than younger adults or themselves when they were younger (e.g., 

Cavanaugh & Poon, 1989; Cornelius & Caspi, 1986; Dobbs & Rule, 1987; Zelinski, 

Gilewski, & Thompson, 1980). Researchers suggest that this awareness of 

negative changes in their own memory functioning, along with the pressure of 

stereotypical beliefs about the deterioration of memory with age, plus their own 

personal beliefs regarding the negative physiological effects of aging, all contribute to
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an understanding of why older adults may have less confidence in their own memory 

processes.

Light (1991) proposes that there is some validity to the argument that low memory 

expectations lead to poorer memoiy, as the older adult with these beliefs will put less effort 

into remembering than the young, which will result in them remembering less, therefore 

confirming feelings of reduced self-efficacy. Negative self-evaluation will thus continue to 

detrimentally affect their choice of actions leading to even lower self-expectation.

Researchers such as Bandura (1989) have found that individuals who have positive feelings 

of self-efBcacy see difGcult tasks as challenges, and failures as related to effort - i.e., as 

being within their control. This is obviously important because those older individuals who 

report lower feelings of cognitive efficacy also complain of lower feelings of control (e.g., 

Lachman, 1986). However, when measures are taken to increase the individual’s sense of 

control - such as providing choices - there are improvements in performance (Perlmuter, 

Monty, & Chan, 1986). This is also the case when the older subjects are given positive 

feed-back about their performance with a resulting significant improvement, (e.g., Bellucci 

& Hoyer, 1975; Mergler & Hoyer, 1981). However, a memory-training programme 

carried out by Rebok & Balcerak (1989) was found not to have any influence on the self- 

efficacy ratings given by either younger or older adults.
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Regardless of the nature of the metacognitive beliefs that the individual possesses the beliefs 

per se will have an effect on the individuals behaviour. As Bandura (1982) points out, 

perceived self-efficacy will not only affect the type of task the individual will attempt, but 

will also influence his or her level of mastery of and persistence in completing the task. 

However, the evidence is inconclusive as regards the prevalence of reduced self-efficacy 

amongst the older population. Dixon and Hultsch (1983b), for example, report that older 

adults had a poorer perception of their memory for various content domains than younger 

adults, whereas Chaffin and Herrmann (1983) describe a more mixed pattern of results 

showing positive, equivalent and negative age differences across domains. Any consistency 

that has been reported appears to be for indicators of perceived memory decline relative to 

previous levels of functioning. In this case, the findings suggest that older adults perceive 

that their memory processes have declined more than younger adults. For example, 

Perlmutter (1978) found that older adults report a decline in their abilities accompanied by 

an increase in acts of absent-mindedness (see also Dixon & Hultsch, 1983). 

Notwithstanding this, there are even here some interesting discrepancies, for example - 

Rabbitt and Abson (1990) found the converse, with younger subjects actually reporting the 

greater number of memory lapses.

1.3.3: Memory Monitoring

Memory monitoring is the awareness an individual has of the current state of his/her 

own memory system in terms of its usage, contents and states. It has been suggested 

that older adults may demonstrate deficient memory performance because they are no
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longer proficient at monitoring the availability of information in memory, or at gauging 

the relative effectiveness of the different processes which are used to operate on this 

information. Investigations into memory monitoring ability include tasks that assess 

congruence between predicted and actual memory performance, both on an item by 

item basis and as overall judgments (e.g.. Perfect and Stollery, 1993; Shaw & Craik, 

1989) and postdictions of performance - i.e., post-test estimations - (e.g., Devolder, 

Brigham, & Pressley, 1990). Reviews of the literature on the memory monitoring 

ability of older adults (e.g.. Light, 1991) suggest little support for deficiency in 

monitoring competency with age, although there is some evidence for age-related 

differences in favour of the young (e.g., Murphy, Sanders, Gabriesheski & Schmitt, 

1981; Lovelace & Marsh, 1985). Two further ways in which this hypothesis is often 

investigated is through Feeling o f Knowing, and Tip~of~the-tongue investigations.

Feeling o f Knowing

Hart (1965a, 1965b, 1967a, 1967b) is attributed with carrying out the first systematic 

investigation of Feeling of Knowing. Feeling of Knowing experiments typically test 

whether or not a feeling of knowing is a reliable predictor of what is stored in memory. 

Typically this is investigated by asking the subject to predict the likelihood of 

recognizing an answer that currently cannot be recalled. The strength of the Feeling of 

Knowing is usually strongly correlated with high probability of recognition of the item. 

Hart found that when an individual reported that they did not know an answer then 

their scores on a recognition test were at chance level whereas when they had a strong
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sense of knowing the answer their scores were approximately three times that of 

chance level (Miner & Reder, 1994). The relationship between the individuals 

confidence and their subsequent accurate recall is taken to be a measure of the 

precision of memory monitoring.

Miner and Reder (1994) observe that it was originally believed that Feeling of 

Knowing occurred only after a failure of retrieval, however more recent understanding 

of this phenomenon suggests that Feeling of Knowing is a pre^retrieval stage during 

which time the individual is assessing the likelihood of being able to retrieve a specific 

piece of information “ a stage that occurs frequently but becomes salient only in 

those instances M>hen successful retrieval does not occur (p 50-51).

A number of studies employing a range of stimulus materials have investigated whether 

or not older adults are poorer at assessing Feelings of Knowing. Results indicate that 

there is no significant difference between young and old in the strength of Feeling of 

Knowing ratings and levels of performance, i.e., both young and old adults are equally 

adept at this type of memory monitoring task (e.g., Butterfield, Nelson & Peck, 1988; 

Lachman, Lachman, & Thronesberry, 1979).

Tip-of-the-tongue phenomenon

A closely related occurrence, but one that is conceptually different, is the ‘tip-of-the- 

tongue phenomenon’ (e.g.. Brown & McNeil, 1966), here the subject is aware of
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having knowledge of an answer but is unable to retrieve it on demand. Occasionally the 

attributes that are recalled during the tip-of-the-tongue state may serve as a basis for 

Feeling of Knowing (Koriat & Lieblich, 1974).

Although the tip-of-the-tongue phenomenon and Feeling of Knowing are not identical, 

both of them are indicants of underlying knowledge about an answer that cannot be 

recalled, however, as opposed to being a pre-retrieval stage the tip of the tongue 

experience is where judgment of retrivability conflicts with the results of the 

subsequent retrieval attempt (Miner & Reder, 1994). Sunderland, Watts, Baddeley & 

Harris (1986) state that the Tip-of-the-tongue experience is the most frequently 

reported everyday memory problem by older adults. Older adults experience more tip- 

of-the-tongue states than do younger adults, further, when they are in this situation, 

they are less likely to remember details, or know about the sound of the tip-of-the- 

tongue word than a younger group (e.g., Burke, Worthley & Martin, 1988).

1.4: The Measurement of Metamemory 

1.4.1: Metamemory Questionnaires

Self-report 'questionnaire s' offer a convenient and relatively simple method of 

surveying a large range of memory phenomena. Typically, they are checklists which 

probe cognitive efficiency across a wide range of everyday scenarios, i.e., the 

questionnaire describes a prototypical memory situation and asks the respondent a 

multiple choice question about how his/her memory performs in a specified situation.
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Two of the ways in which metamemory questionnaires are utilized to investigate 

metamemory are: (a) as a way of understanding the nature of memory beliefs, 

knowledge and behaviour - and the role that these concepts play in memory 

performance; (b) as a way of evaluating memory performance in everyday life. One 

way of evaluating the accuracy of an individuals self-beliefs regarding their memory is 

through the correlation of metamemory questionnaire results and actual memory 

performance

1.4.2: The Measurement of Metamemory - Beliefs, Knowledge, and Monitoring 

Ability

Self-report questionnaires have been advocated by a number of theorists as an effective 

methodology for measuring individuals' perception of their own memory. For example, 

Dixon and Hultsch (1983a, 1983b, 1984), Gilewski and Zelinski (1986), and Perlmutter 

(1978), have all devised questionnaires which either assess general beliefe and knowledge 

about memory, or, attempt to link predictions with performance. There is some evidence 

for the existence of age-related differences on various aspects of metamemory and a 

number of linkages between individuals knowledge and beliefs about memory and their 

actual performance on memory tasks.

Dixon and Hultsch (1983), for example, devised the Metamemory in Adulthood (MIA) 

questionnaire which consists of a number of scales designed to capture various aspects of 

metamemory. They found age-differences existed in favour of the young in terms of
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knowledge of memory task demands and perceived stability and control of memory 

abilities, but no difference in reported use of memory strategies. Berry, West & Dennehey

(1989) who developed the Memory Self-EflScacy Questionnaire (MSEQ), found that 

employment of the scale revealed significant age differences between younger and older 

adults with regard to self-evaluation of memory ability.

However, despite the existence of such findings there are a number of fundamental 

problems with self-report inventories. A number of researchers have commented on the 

methodological failings of metamemory questionnaires, e.g., Rabbitt and Abson,

(1990); Hertzog et al. (1990a). Nonetheless, before examining these criticisms the first 

issue to be dealt with is the long-standing complexity, highlighted by Nisbett & Wilson 

(1977), that exists for all self-report inventories: the limit to which individuals can 

observe their own cognitions. In a paper providing an assortment of examples 

highlighting the naivete of individuals as to the relationship between causal factors and 

changes in behaviour, they rather clumsily sum up by saying that: "it may be quite 

misleading fo r social scientists to ask his/her subjects about the influences on his/her 

evaluations, choices or behaviour" (p. 247).

They suggest that the beliefs that most people hold about the causes and nature of their 

own cognitive processes are likely to be incorrect and based on sources other than a 

direct knowledge of the processes themselves.
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Further, as Rabbitt and Abson (1990) point out, regardless of an ability to make 

metacognitive judgments, people can only make relative comparisons about their 

behaviour; i.e., they can at best assess their competence in particular situations with 

respect to other people in similar situations or against the performance of people whom 

they are close to. Thus when making comparisons between groups of individuals, 

particularly where age comparisons are involved, there is a validity problem as the 

response ratings given by the young and old will necessarily reflect their different 

approaches to dealing with their very different life-styles as opposed to representing 

their intrinsic abilities.

There is also the issue of establishing that the cognitive perceptions being reported can 

be demarcated from more general self-perceptions such as self esteem, from affective 

states or traits such as depression, and from dispositions such as social desirability that 

may be evoked by the questionnaire formats typically used. For example, Hultsch et al. 

(1987) point out that older adults’ complaints regarding memory performance may be a 

reflection of feelings of depression. Depression is the most frequently encountered 

mental disorder amongst the elderly; depressed older adults typically tending to 

complain of memory difficulty although they may actually show no memory deficits. 

Research into this phenomena indicates that the correlation between memory 

complaints (measured by self-report questionnaires) and depression may be higher than 

the correlation between memory complaints and actual performance on some memory 

tasks (e.g., Kahn, Zarit, Hilbert, & Niederehe, 1975). Rabbitt and Abson (1990)

-36



METAMEMORY A m  AGING

propose that there is no complete solution to this problem but suggest that through the 

administration of depression and personality questionnaires, together with the 

self-report questionnaires, it may be possible to separate feelings of poor self-regard 

from actual memory problems.

1.4.3: Self-Report Questionnaires, Memory Beliefs, and Everyday Memory 

Performance

Appraisal of the utility of self-report questionnaires as instruments for examining the role of 

memory beliefs in everyday memory performance require that research into the 

correspondence between questionnaire responses and objective memory performance is 

carried out. Rabbitt and Abson (1990) accept that the first major difficulty to contend 

with when assessing the usefulness of self-report questionnaires when employed for 

this purpose is the problem of objectively validating individuals’ subjective reports of 

their everyday competence. Citing Herrmann's (1982) review of metamemory 

questionnaires, Rabbitt and Abson highlight the fact that the m^'ority of published 

comparisons of individuals' subjective self-report questionnaires scores have not 

predicted their objective performance on simple laboratory tasks. However, as Rabbitt 

and Abson rightly observe, there are considerable differences between the type of 

memory tests carried out in the laboratory and the memory demands people encounter 

on an everyday basis, so this finding is not particularly startling. Self-report 

questionnaire's probe a wide range of everyday situations while laboratory tests are
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chiefly designed to determine very specific skills so the result is a modest correlation 

typically in the .20 to .30 range.

Both Hertzog et al. (1990a) and Rabbitt and Abson (1990) are concerned about the 

constructs that metamemory questionnaires are reportedly measuring. The majority of 

self-report questionnaire's are 'multidomain' i.e., the respondents are required to rate 

the degree of occurrence of their lapses in a variety of situations, and these ratings are 

then added up to give an overall score. There are two difficulties to contend with when 

employing the questionnaires for this purpose.

Firstly, many everyday memory abilities can be described as being essentially 

domain-specific, thus, the final score achieved on the questionnaire - which is obtained 

by aggregating the frequency of lapses the individual reports - may be misleading 

because different individuals may attain identical overall results but have actually 

recorded very different patterns of cognitive lapses. Additionally, the functional 

changes that occur with age which researchers are concerned to examine may affect 

some cognitive processes more than others; multidomain questionnaires may attempt to 

analyse both the number and variety of memory failures which individuals experience, 

but little or no insight into the reasons why the person concerned makes them is 

achieved. As Rabbitt and Abson (1990) acutely observe, one reason for this is that 

any given class of everyday lapses may be the consequence of any one of a number of 

quite different kinds of functional failure, and, metamemory questionnaires, which

38-



METAMEMORY AND AGING

merely observe the occurrence of lapses and not the underlying pathology are, 

therefore unable to provide the necessary information which will aid understanding of 

the changes in functional processes underlying memory decrement in old age.

Secondly, as Hertzog et al. (1990a) observe, although metamemory questionnaires are 

purportedly probing different kinds of memory functioning, what they may really be 

measuring are memory self-efficacy beliefs. They state that although bona fide  

incidents of memory dysfunction are logistically the basis for beliefs about memory 

ability and age-related changes in memory, individuals reporting of occurrence of 

forgetting are not necessarily based upon the actual frequency of incidents of forgetting 

but rather on the beliefs the individuals have about themselves. Hertzog et al., citing 

research carried out into questionnaire responses in health surveys (such as self- 

reported frequency of visits to the doctor) found that individuals do not tend to base 

frequency judgments on extensive retrieval searches of memory but are more likely to 

base responses on (more) general schematic beliefs about themselves. They conclude 

that if the average respondents reporting of frequency of forgetting is in truth a 

reflection of memory self-efficacy beliefs that have been transformed into a frequency 

estimate, then this calls into question the validity of self-report questionnaires that are 

attempting to make corresponding Judgments between actual and perceived memory 

performance.
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In an attempt to avoid some of these difficulties, Tenney (1984) employed a 

methodology which involved comparing the percentages of subgroups of young and 

old individuals who could remember a solitary case of loss of any object during a 

period several weeks prior to her interviewing them; they were questioned on both the 

causes of their losses and how they set about retrieving the mislaid objects. She found 

that while the older subjects did not report more occurrences of loss than the young, 

one specific cause of loss - inefficient search for missing objects - was reported more 

often by the elderly.

However, this approach has its own attendant problems. Tenney asked the participants 

to record their losses over a specified period of time, but individuals with poorer 

memories are, paradoxically, more likely to 'forget that they forget' and so under 

report their memory failures. Answers given to questions about the occurrence of 

memory errors essentially depend upon the respondent's capacity to recall a suitable 

selection of such errors. Additionally, as Morris (1984) observes, errors that are most 

likely to be remembered are not necessarily those that are most typical or frequent but 

those which have been more awkward for, or embarrassing to, the individual.

Reviewing some of the literature on age-differences in metamemory Hultsch et al. 

(1987) state that, from a social-cognitive point of view, it is surprising that researchers 

expect self-reports about memory to be veridical indicators of actual memory ability 

anyway, given that there are likely to be considerable differences between individuals in
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the accuracy of their evaluations of their own memory abilities and the way they put 

them to work in various memory-demanding situations. What is important is whether 

these individual dijSerences in accuracy are systematic, and whether they correspond to 

other behaviours relevant to memory-demanding situations. Hultsch et al. (1987) 

submit that there is enough evidence to support Sunderland et al. (1986) and others in 

an outright rejection of the metamemory questionnaire as an alternative to measures of 

memory performance.

1.5: The Future of Metamemory Questionnaires

To recap, memory questionnaire research originated with the desire to understand the 

memory performance of the individual in everyday life, with the questionnaire being 

utilized either to assess memory performance, or as a way of investigating the nature of 

memory beliefs and the role that these beliefs play in memory performance. In the first 

case Herrmann (1982), in a comprehensive review of the use of self-report 

questionnaires to asses and study everyday memory, roundly concluded that memory 

questionnaires could not be substituted for measures of memoiy performance in 

ecological research. His findings revealed that questionnaire responses were related to 

actual performance sometimes moderately (.5) and indeed, occasionally, more than 

moderately, but he resolved that overall the strength of the validity data was too low to 

Justify the use of memory questionnaires as the sole method of assessment.
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As for the second application of metamemory questionnaires - as a means of 

investigating the role of memory beliefs in memory tasks - Herrmann suggests that, 

overall, self-report questionnaires used to assess memory beliefs have satisfactorily 

high reliability. The reliabilities of memory questionnaires appear to be comparable to 

those found with psychometric instruments in general. However, the weaknesses that 

have been discussed, and the lack of consensus in the research literature that exist with 

regard to the part memory perceptions actually play in memory performance, make for 

only a tentative interpretation of this instrument without further substantiation of its 

utility.

1.6: An Alternative to Metamemory/Questionnaires - The Calibration 

of Subjective Probabilities

Clearly there needs to be considerable revision in the design of the self-report 

questionnaire to deal with the plethora of highlighted limitations. A major 

methodological difficulty is the problem, observed by a number of researchers, of self- 

efiBcacy beliefs being confounded with accuracy of perception of ability. For example, 

Hertzog et al. (1990a), are concerned about the construct validity of some 

metamemory questionnaires, because they claim (citing research carried out by 

Gilewski and Zelinski, 1986) that the questionnaires are not age-sensitive when they 

should be. They point out that as there are genuine decrements in memory with age, 

and assuming that memory beliefs actually reflect memory functioning then this, 

theoretically, should be reflected in the questionnaire results. However, older adult -
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because of inaccurate self-eflScacy beliefs - may over, or under, estimate their abilities. 

For example, it is commonly accepted that memory declines with age, but not 

necessarily as much as individuals think, therefore the older respondent may 

overestimate the amount of actual decline regardless of the correctness of those beliefs. 

Valid metamemory questionnaires, argue Hertzog et al. should accurately reflect such 

self-perceptions regardless of actual memory capabilities having changed or remained 

unscathed.

It has also been suggested that results from tasks where response omissions have been 

recorded may be due to poor self-efiScacy rather than memory failures. It is possible 

that older adults are more hesitant about making responses that may be incorrect and 

therefore achieve lower scores than young adults. They are more reluctant to venture a 

response unless they are confident it is correct. For example, in a test situation where 

the individual is required to judge the correctness of a response, once the information 

has been retrieved it will be monitored in order to judge for its correctness. Older 

adults may retrieve the correct response, but because of low self-efficacy they may be 

more likely to withhold it (e.g., Arenberg & Robertson-Tchabo, 1977), or possibly give 

a lower confidence rating then is deserved for that item.

One way to control for this would be to use materials that incorporate a confidence 

rating scale. Thus underconfidence (when accuracy is greater than confidence) or 

overconfidence (when confidence exceeds accuracy) could be precisely calibrated in
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order to assess the discrepancy between the perception the individual has of his or her 

ability and his or her actual ability. Thus, on a task requiring item-by-item judgment 

the difference between the responses of individuals, and their confidence regarding 

their judgment of the correctness of those responses, can be measured. This not only 

separates self-efficacy beliefs from ability but actually provides an index of the degree 

of disparity between an individual’s beliefs and his or her performance. Additionally, 

this methodology, when administered to both younger and older adults, would make 

apparent whether the young also have erroneous self-efiBcacy beliefs and, if they do, 

whether they are of a similar nature to the older adults.
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Chapter Two

METAMEMORY AND CALIBRATION

2.1: Introduction

According to Zechmeister and Nyberg (1982) an important aspect of metamemory 

knowledge is the ability of the individual to judge correctly when retrieval from 

memory of a particular item has been successful, i.e., that the individual can 

discriminate successfully between answers that are correct and those that are not 

correct. One way of investigating confidence of judgment is through the use of 

calibration o f subjective probabilities, a procedure which is concerned with how 

individuals understand and use probability,

A subjective probability can be defined as a “degree o f belief in a proposition"’’ 

(Lichtenstein, Fischoff and Phillips, 1982, p. 307). With the use of certain materials it 

becomes possible to verify the propositions to which a particular probability value has 

been attached and therefore to determine the adequacy of that probability assessment. 

A calibration curve can then be generated. Lichtenstein, Fischoff & Phillips (1982) 

describe the process by which a calibration curve is achieved: i) collect the proportion 

of answers which the subject has scored correctly; ii) group together all the probability 

ratings which fall within the same range (e.g., .50 to .59, .60 to .69 etc. are all placed in 

the same category); iii) within each category calculate the proportion correct; iv) 

finally, for each category plot the mean response, on the abscissa, against the
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proportion correct, on the ordinate. Alternatively, present subjects with a probability 

scale (e.g., 50%, 60, 70% ... 100%), then calculate the proportion correct for each 

level of confidence. Plot each point of the subjective probability scale on the abscissa, 

and finally, plot the proportion correct on the ordinate. This is the method that was 

used in the present thesis. Perfect calibration, i.e., where an individual assigns 

probabilities so that proportion correct would always be equal to the probability 

assigned, is shown when all points fall on the identity line. When any points fall below 

this line, overconfidence is indicated; any point above it represents underconfidence 

(see Figure 2.1).

Within Psychology, subjective probability is most frequently assessed through the use 

of general knowledge questionnaires. Lichtenstein et al. (1982) describe the range of 

methodological procedures that are traditionally used for evaluating calibration, the 

most common of which is the two alternative forced choice format (2AFC). This 

technique involves presentation of a general knowledge test whereby each question is 

accompanied by a choice of two alternative answers, for example, "‘Which o f the two 

words printed in lower case do you think means the same as the word in capital 

letters'. SCHOONER a) ship b) building”. The participant is required to judge which 

of the two alternative answer’s they think is correct and then assign a confidence rating 

- i.e., a subjective probability estimate - from a scale ranging fi'om .5 to 1.0. (or from 

50% to 100%).
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Figure 2.1 : Idealized calibration curves illustrating overconfidence (circles),

underconfidence (triangles), and perfect calibration (squares).
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2.2: Over/Underconfîdence and the Hard-Easy Effect

It is commonly acknowledged by researchers in the field of calibration that people are 

often poor at making subjective probability judgments - i.e., they have a tendency to be 

miscalibrated. The most common finding is overconfidence (e.g., Edwards & von 

Winterfeldt, 1986; Paese & Sniezek, 1991), although underconfidence has also been 

observed (when the task is very easy). Overconfidence occurs when a person’s 

confidence exceeds his or her accuracy when making probability judgments. The 

converse, underconfidence occurs when accuracy is higher than confidence. Despite 

the occasional appearance of underconfidence, overwhelmingly the evidence suggests 

that when making probability estimates people are inclined to be overconfident (Keren, 

1991; Lichtenstein et al. 1982). This has been found particularly with tasks that 

involve general knowledge items of moderate or extreme difficulty (e.g., Lichtenstein 

& Fischoff, 1977, 1980a, 1980b) - the more difficult the task, the greater the 

overconfidence. Underconfidence characteristically occurs when a higher percentage of 

correct scores are obtained, i.e., when individuals find the task easy (e.g., Lichtenstein 

& Fischoff, 1977). McClelland & Bolger (1994) state that on a 2AFC task with a half- 

range probability scale underconfidence is likely to occur when over 80% of items are 

correctly answered.

Over or underconfidence is typically measured by assessing the difference between the 

total mean confidence and the total proportion correct. For example, if a mean 

confidence rating (x) is greater than the overall proportion correct (c) then
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overconfidence is indicated: x - c > 0. Underconfidence is revealed when x - "c < 0. 

Thus, if a positive difference is recorded then this demonstrates overconfidence - a 

negative difference indicates underconfidence (Juslin, 1993). Calibration is assessed by 

taking the mean of the squared deviation between the confidence levels Xt and the 

corresponding proportions correct Ct; thus calibration = 1/N I  nt (xt - Ct)̂ , where nt is 

the number of assessments in confidence category t (t = 1 ...T) and n is the total 

number of responses. This index is not, however, sensitive to the direction of the 

miscalibration. Another index, the over/underconfidence scores is defined as 1/N S nj 

{p\- -  p - J, where n is the total number of answers, ni is the number of times the

confidence judgment p\ was used, an d / is the relative frequency of correct answers for 

all answers assigned confidence /?; (i = 1 ... /  where /  is the number of different 

confidence categories used) JT and J  are the overall mean confidence judgment and 

percentage correct respectively. A positive difference indicates overconfidence is 

present, and a negative difference underconfidence (Gigerenzer, Hofffage & 

KJeinbolting, 1991).

The tendency for individuals to display overconfidence in relation to task-difficulty is 

generally referred to as the ''hard-easy ^ e c f  (e.g., Juslin, 1993). Explanations for the 

overconfidence phenomenon and the hard-easy effect are proffered by two rival 

Schools, classified by Jungermann (1983) as the Pessimists and the Optimists, each 

providing conflicting accounts as to the cause of this phenomenon.

-49 -



METAMEMORY AND CALIBRATION

2.3: Models of Calibration 

2.3.1: The Pessimist School

Under the banner of the Pessimist School a number of models - all united in the belief 

that miscalibration is the result of bias in the cognitive system - have been proposed to 

account for errors in probabilistic reasoning. Overconfidence, for example, is attributed 

by the Pessimists to people having an inherent, but unwarranted, trust in their own 

inferential reasoning. Proponents of such models, each of which will be briefly outlined 

below, include Kahneman & Tversky (1982) with their Heuristics and Biases 

programme; Griffin & Tversky (1992) with their Strength and Weight Model; and 

Ferrell & McGoey (1980) and their Signal Detection Theory approach*.

Kahneman & Tversky (1982) have attempted to explain how biases in probabilistic 

reasoning occur in terms of cognitive heuristics. They suggest that when making 

probability judgments individuals employ a range of heuristics - e.g., “... simple rules o f 

thumb that make the task easief^ (Beach & Braun, 1994, p. 110) - to help them assign 

a rating. If the heuristic is not appropriately applied in a particular judgmental situation 

then ‘cognitive bias’ is observed. One such rule o f thumb, the ‘anchor-and-adjust’ 

heuristic has been ascribed by some researchers as being responsible for miscalibration 

(e.g., Keren, 1991). For example, in a laboratory situation, faced with a 2AFC 

experiment, a subject may have an expectation of an intermediate level of difficulty and 

would anchor on a particular probability estimate, such as 75%, to reflect that level of

 ̂ For a more comprehensive description and evaluation of the models outlined below see McClelland 
& Bolger (1994).
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difficulty. During the process of answering the questions the individual comes to an 

item that is either harder, or easier, than the 75% anchor - so they adjust, but not 

adequately and this leads to over, or underconfidence, respectively. The hard-easy 

effect is evidenced by the fact that the harder the item (that is) encountered, the greater 

the discrepancy between the individuals probability estimate and their actual 

performance. A demonstration of overconfidence is the result.

Griffin and Tversky (1992) have also provided a model concerned with explaining over 

and underconfidence, which places the emphasis on the way individuals focus on and 

weigh up the strength of available evidence when making probability judgments. Based 

on the premise that weighing o f evidence and the formulation o f b e lie f (1992, p. 

411) are intrinsic to human nature, Griffin and Tversky - like Kahneman and Tversky 

(1982) - also believe that people have an unwarranted faith in their ability to make 

accurate judgments. Strength and Weight are the key concepts in Griffin & Tversky's 

theory; strength they suggest refers to the “extremeness” of evidence available, and 

weight is concerned with the “predictive validity” of that evidence. They argue that, in 

a decision making situation, individuals are apt to focus on some aspects of available 

evidence (i.e., the strength), but at the expense of other key factors (the weight). 

Griffin and Tversky (1992) suggest that two heuristics “representativenss” and “anchor 

and adjust” play an important role in the process.
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They give the example of someone being interviewed for a job to illustrate their 

rationale. If the interviewer were to rely on representativenss alone - i.e., the extent to 

which the person being interviewed wiU be good at the job - then their judgment will 

rely only on the strength of their perception (e.g., the extent to which the person “looks 

like” they’d be good at the job), with not enough attention being given to other factors 

controlling predictive validity, such as the weight of the evidence. Such inequity, 

propose GrifSn & Tversky, will result in cognitive bias: too much emphases on 

strength and not enough on weight leading to overconfidence; and too much emphasis 

on weight and not enough on strength resulting in underconfidence. Griffin & Tversky 

(1992) have carried out a number of experiments to test their thesis, and provided 

analogous examples of decision making situations which have generated explanations 

for both over and underconfidence, and the hard-easy effect.

McClelland & Bolger (1994) observe that the Strength and Weight model of Griffin 

and Tversky (1992) is: “. .. the most complete model within the heuristics and biases 

programme to explain the patterns o f overcorrfidence and underconfidence observed 

not only in calibration studies, but also in other investigations o f judgment under 

uncertainty^ (p. 463).

Also of the Pessimist School are Ferrell and McGoey (1980), who in common with the 

two models outlined above, have formulated a theory based on the premise that 

cognitive bias or miscalibration is due to ‘human failing’. They have suggested a
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mathematical model of subjective probability based on Signal Detection Theory which 

views calibration as a two-stage process: i) the signal detection stage - which involves 

the formulation of an internal decision variable, and ii) the assignation of a numerical 

probability rating - based on the results from the first stage. Ferrell & McGoey’s 

explanation for the hard-easy effect - which Ferrell (1994) refers to as ^̂ the 

discriminability e ffec t (e.g., Ferrell 1994, p. 422) - is similar to that proposed by the 

heuristics and biases programme: i.e., it is a result of the individual failing to 

discriminate between items that are either harder or easier than they had anticipated, a 

situation they claim, which can only be countered by providing the individual with 

feedback on their performance^. However, the Ferrell & McGoey model does not 

propose any explanation for the cognitive processes underlying the formulation of 

probability assessments, rather, as Lichtenstein & Fischoff (1977) observe it is \..more 

a model o f the task than o f the respondents behaviour^ (p. 52).

2.3.2: The Optimist School

Representatives of the Optimist School (e.g., Gigerenzer, Hoffirage & Kleinbolting, 

1991; Juslin 1993) conversely, contend that biases in probabilistic reasoning lie outside 

of the cognitive system. Reasoning errors are viewed as resulting from the use of tasks 

that are artificial or misleading and/or a consequence of non-representative sampling of 

stimulus material. McClelland and Bolger (1994) have labelled approaches which 

conceptualise miscalibration as the result of external factors: the Ecological Models. A

 ̂ See McClelland & Bolger (1994) for a review on the success of training to improve calibration 
performance.
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summary of the models and their basic rationale as far as they are relevant to this thesis 

is presented below. A full description and evaluation of the Ecological Models is 

provided by McClelland & Bolger (1994).

2.3.3: The Ecological Models

Basic to the structure of the Ecological Models is the assumption that the individual is, 

inherently, a ‘ffequentist’, and that people are, in general, well ‘calibrated’ to the 

environment in which they live. The state of being well calibrated is a result of the 

natural tendency of the individual to “... encode the frequencies o f co-occurrences o f 

events in the environment” (McClelland & Bolger, 1994 p.461/ Frequency 

information can then be applied in a direct way when individuals are confronted with 

the necessity to make subjective probability judgments. Gigerenzer, Hofifrage & 

Kleinbolting (1991) suggest that the encoding of environmental occurrence frequencies 

is in essence an unconscious process and that the ‘ecological validity of cues’ becomes 

internalized through observation of these frequencies, which in turn becomes the cue 

validity on which individuals base their probabilistic judgments.

However, according to the Ecological Models, in order for good calibration to be achieved 

the stimulus material that is to be presented must be representative of a reference class - 

(defined by Gigerenzer, Hoflfrage & Kleinbolting 1991, as a class of objects or events 

known to the individual) - circumscribed by the subjects natural environment. It must have 

high ecological validity, otherwise miscalibration will occur, which, according to
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proponents of the Ecological School, is the key to bias in probabilistic reasoning. 

Overconfidence is most frequently found when general knowledge items of a moderate 

to hard level of difficulty are used to assess probabilistic reasoning (e.g., Juslin 1993; 

Keren, 1991; Lichtenstein, 1982 el al.). Both Gigerenzer, Hofifi'age & Kleinbolting

(1991) and Juslin (1993) have proposed models to account for the overconfidence and 

the hard-easy effect based on the premise that it is the selection of those items in 

general knowledge questionnaires, chosen to differentiate between more and less 

erudite subjects which leads to miscalibration, as difficult and ‘misleading’ items will, 

of necessity, be over-represented. For example, overconfidence will transpire as a result 

of too many difficult or ‘misleading’ items being present, and the cue validity of the item 

being artificially low or as Juslin (1994) states, as a result of : “...a  systematic mismatch 

between the reference class created by the experimenter and the reference class 'implicit ' 

in the inferences made by the subject^' (1994 p. 232).

In order to illustrate Gigerenzer, Hofifi'age & Kleinbolting’s (1991) explanation for 

overconfidence, (based on their Probabilistic Mental Model (PMM)) theory), 

McClelland & Bolger (1994) describe a situation in which a subject, when presented 

with a set of ten general knowledge questions, chooses a cue with an ecological 

validity of .90 in order to answer the questions. If the questions have been randomly 

sampled then the set of ten questions would be expected to contain one misleading item 

- i.e., an item where the cue fails to deliver the correct answer; the subject would thus 

be expected to get 9 correct, and give a confidence rating of .90 for each answer. If
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however the set had been informally selected, there may be, for example, 3 such 

misleading items present, in which case the subject would only get 7 correct - but 

would still give a .90 confidence rating for each of the 10 questions, thus 

demonstrating overconfidence.

Juslin (1993), in a research paper which also proposes an explanation for the hard-easy 

effect in terms of the non-representative sampling of stimulus materials, successfully 

demonstrated that good calibration will be shown if the given task consists of a random 

selection of items representative of the individuals natural environment. He instructed 

a group of individuals, naive to the purpose of the exercise, to select 120 geography 

items from a world atlas (i.e., size of country, population, latitude etc.) that would 

result in a test of good general knowledge; Juslin called the resulting choice of items 

the informal selection condition. Employing a within-subjects design, participants 

were presented, alternately, with the ‘selected’ item task and 120 items that had been 

selected randomly fi-om the same source - the random selection condition. The results 

were as Juslin hypothesised, that subjects in the random selection condition showed 

good calibration, although there was a slight tendency towards underconfidence. 

Subjects in the informal selection condition, however, demonstrated poor calibration 

with substantial overconfidence. Juslin concluded that these results supported the 

notion that poor calibration was a consequence of the procedures employed in the 

creation of traditional general knowledge tasks; a contrary view to that held by the 

Pessimist School.
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It is important to note that proponents of the Ecological Model maintain that, when 

assessing subjective probability, as long as the conditions outlined above are met with 

respect to the appropriate sampling procedures, then good calibration is to be expected - 

whatever the level of knowledge of the individual.

McClelland & Bolger (1994) suggest that PMM theory - despite some difficulties in 

the empirical application of the model (see McClelland & Bolger, 1994) - is still the 

most comprehensive account of the calibration of subjective probabilities. Indeed, in 

their overall evaluation, they are keen to recognize the significant contribution made by 

the Ecological Models to calibration research. A caveat however, to their acclamation, 

is that the models outlined have concentrated solely on circumstances in which general 

knowledge questionnaire’s have been used, which leads to speculation regarding the 

extent of the model’s application beyond this realm.

2.4: Calibration and Metacognition

In their 1982 review of the calibration literature, Lichtenstein, Fischoff and Phillips 

suggested that within the domain of cognitive psychology individual studies of 

subjective probability were restricted as far as immediate practical relevance was 

concerned. They did however acknowledge that calibration investigations could be 

beneficial as a means of gauging the cognitive processes underlying certainty and 

uncertainty. Because of the numerous difficulties - highlighted in Chapter One - with 

traditional metamemory questionnaires, particularly in determining the role that self
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efficacy plays, the calibration of subjective probabilities seemed to be an ideal 

alternative methodology to employ in the assessment of metacognitive abilities in the 

older adult. The recent emergence of more developed, empirically supported, models 

of calibration, along with its precisional qualities, added to its appeal. It should be 

noted that there is no evidence in either the cognitive aging literature or the calibration 

literature itself that the calibration of subjective probabilities has been employed to date 

as a means of investigating metacognitive processing in older adults.

2.4.1: Calibration and Self-efTicacy

Calibration techniques clearly have an advantage over the traditional questionnaire in 

the assessment of metamemory in older adults, in that the calibration of subjective 

probabilities can clearly quantify the role that self-efficacy plays in their cognitive 

performance. As discussed in Chapter One (e.g., Hertzog, Dixon & Hultsch, 1990a) a 

criticism of metamemory questionnaires is their typical lack of agesensitivity. They 

fail to take account of the vital influence of self-perception. Hertzog et al. (1990a) 

concurred with many other researchers to the effect that in memory demanding 

situations older adults, because of poor self-efficacy, may underestimate their abilities. 

Recognizing the significance of metacognitive perceptions when assessing age-related 

declines in memory performance is clearly of critical importance to the study of 

cognitive aging.
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One manifestation of poor self-efficacy is cautiousness. According to Salthouse (1991) 

cautiousness is one of the most frequently offered explanations for performance 

deficiencies exhibited by older adults; the rationale being that older adults are more 

reluctant to offer a response unless they are absolutely certain that it is correct. Baron 

& LeBreck (1987) state that any hesitancy shown by the older adult in a decision 

making situation could only serve to exaggerate age-related differences in performance. 

For example, in a recognition memory test the older adult may feel the need to be 

completely confident in their selection choice before stating that a previously seen 

stimulus was familiar.

With the aim of investigating the legitimacy of the concerns regarding cautiousness in 

the older individual, Baron and LeBreck (1987) employed signal detection analyses^ to 

investigate age differences in conservatism (their own term for cautiousness). Subjects 

were required to complete a range of tasks that included recognition memory, tone 

detection and weight discrimination. Although the sample size was small (10 young 

subjects and 10 old) Baron and LeBreck found that there was in fact no evidence to 

support the cautiousness hypothesis, and their results clearly showed that there was no 

difference between young and old in response bias measurement. They concluded that 

“... older adults are no more likely to adopt conservative decision strategies than 

younger one^^ (Baron & LeBreck, 1987, p. 165).

 ̂In the recognition task subjects had to discriminate between items that were presented repeatedly and 
items that were new; repeated items were read as signals to be identified in the context of ‘noise’ from 
novel items. Standard Signal Detection analysis was then employed.
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Salthouse (1991) however, emphasises that Baron and LeBreck’s experiment is only of 

limited value because the sample size was so small. This is unfortunate, as their 

investigation appears to be the only attempt in the cognitive aging literature to measure 

response bias using several different tasks presented to the same individuals. A number 

of other studies, have, however, investigated the cautiousness hypothesis using 

alternative methodologies. Salthouse (1991) reports that these studies typically 

employed one of the following techniques to investigate age-differences in 

cautiousness: i) omission analysis (i.e., recording the proportion of omission

responses on a task); ii) comparison analysis (i.e., comparing the proportion of 

attempted items answered correctly); iii) decision accuracy (i.e., comparison of 

decision accuracy when all item’s are to be attempted). There are however a number 

of problems in the use of these investigatory procedures which are outlined below.

The utility in employing response omission analyses as a method of determining 

cautiousness is questionable as the failure of an individual to respond to an item may 

simply be an indicant that the individual does not know the answer and has deliberately 

chosen to miss it out and go on to the next one, rather than - as researchers may falsely 

conclude - that it is symptomatic of lack of confidence. Salthouse (1991) observes that 

an examination of the proportion of omission responses would only be of value when 

there were no age differences in the relative fi'equency of omissions, and that in cases 

where there were, such differences in performance are unlikely to be the result of age- 

differences in cautiousness.
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Both comparison analysis and decision accuracy are potentially more reliable ways of 

assessing age-differences in cautiousness. As only recorded responses are considered 

for analysis, the consequences of any hesitancy to produce a response will be 

eliminated, and therefore, the magnitude of age difference is likely be reduced. If 

previous studies have taken lack of responses on the part of the older adult to be 

evidence for greater cautiousness, then this approach will minimise that disparity. 

However, Salthouse (1991) observes that the results obtained so far have been 

discouraging in that where such experiments have been carried out (using either of 

these types of analyses) they have tended to show a negative relationship between age 

and accuracy (e.g., Salthouse & Mitchell, 1990; Salthouse, Mitchell, Skovronek & 

Babcock, 1989). He ends by stating that it is difficult to draw a clear conclusion as to 

whether older adults are indeed more cautious than younger adults, or concerning the 

role this putative caution plays in the assessment of age related differences in cognitive 

performance, as the evidence produced so far has been equivocal.

The calibration of subjective probabilities patently avoids the main methodological 

difficulties outlined by Salthouse (1991) above. The use of 2AFC questionnaires, for 

example, stipulates that all items must be attempted, and thus both old and young 

subjects will produce the same number of responses. Additionally, performance 

accuracy is not an issue as it is the confidence that the individual has expressed in their 

answer, in relation to the number of correct responses, that is considered for analysis. 

Successful deployment of calibration techniques for the purpose of assessing self-
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efficacy/cautiousness should provide clear evidence one way or the other as to whether 

older adults demonstrate equivalent, or, a greater or lesser degree of confidence than 

the young in cognitively demanding situations.

2.4.2: Calibration and Memory Monitoring

Metamemoiy has also been investigated in older adults with respect to memory 

monitoring; i.e., the awareness the individual has of the current state of his or her own 

memory system, its usage, contents and states. Determining whether older adults are 

proficient at monitoring the availability of memory information - whether they can 

decide, as efficiently as the young, that an item in memory can be successfully retrieved 

- is also a crucial factor in the evaluation of the performance of older adults on 

cognitive tests. A number of investigations into memory monitoring competency have 

been carried out (e.g., Devolder, Brigham, & Pressley, 1990; Perfect and Stollery, 

1993; Shaw & Craik, 1989); and, although Light (1991) concluded that there appeared 

to be little support for deficiency in monitoring efficacy with age, the fact that there is 

some evidence for age-related differences in favour of the young (e.g., Lovelace & 

Marsh, 1985; Murphy, Sanders, Gabriesheski & Schmitt, 1981) suggests that more 

concrete evidence is needed before any final conclusions can be drawn. Using 

subjective probability analysis, whereby a confidence rating scale is incorporated into a 

cognitive task, would make it possible to secure that evidence. The monitoring of 

responses in relation to confidence would give a clear indication as to whether or not
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older adults demonstrate efficient memoiy monitoring skills when compared with the 

young.

The main aim of this thesis is to ascertain the self-efficacy and memory monitoring 

capabilities of the older adult through the employment of calibration techniques, as well 

as investigating the calibration of subjective probabilities in the older adult. This will 

also be a crucial test for the models of the processes underlying the calibration of 

subjective probabilities.

Before proceeding to Experiment 1 however (Chapter Five), it is first necessary to 

examine some issues that are important because of the involvement of older adults in 

this research. For example, degenerative changes to the central nervous system with 

age may detrimentally effect some areas of cognitive performance, in particular 

intellectual functioning. As such, a chapter on the effects of age on fluid and 

crystallized intelligence is presented next. This is followed by a chapter on 

methodological issues that may be important when conducting research with older 

individuals, such as the way in which changes in intelligence are measured. Finally, the 

possible effects of individual differences on performance, such as motivation and 

depression are examined.
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Chapter Three

COGNITIVE AGING AND INTELLECTUAL CHANGE 

3.1: Introduction - Defining Adult Intelligence

In order to assess changes in adult intelligence adequately, it is first necessary to have a 

consensus of opinion as to what exactly is being measured. The issue of how best to 

define intelligence has been a matter of concern and controversy since psychologists 

first focused on the topic early in this century. At that time much research on 

intelligence was based upon the factor-analytic approach exemplified by the work of 

Spearman (1923). Through his work, Spearman was able to achieve some success in 

detailing a hierarchical structure of intelligence; he concluded that individual 

differences in test performance could be accounted for by one factor which was 

general, and common to all tests, (which he christened 'g' for general intellectual 

capacity), together with a number of more specific factors each peculiar to one task.

The term ’g' is still in use, however, some researchers consider the traditional definition 

of ‘g’ to be too inflexible and would argue that ’intelligence' is more realistically 

composed of several inter-related skills, although there is no firm consensus as to what 

these are (e.g., Eysenck and Kamin, 1981; Kail and Pelligrin, 1985; Rebok, 1987). 

Psychometrically speaking, the concept of ’g’ is used to refer to an overall ability or 

factor score on a battery of intellectual tests which have assessed a variety of 

intellectual skills, i.e., verbal, numerical and visuo-spatial. Howard (1993) writes that
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the concept of intelligence, when it is defined as ‘g’, is the measurement of biological 

difference between individuals which correlates with performance on virtually all 

mental tasks.

3.1.1: Crystallized and Fluid Intelligence

The concept of biological intelligence is embodied in the approach, originally outlined by 

Cattell (1940, 1963) and later clarified by Horn (1970, 1978, 1982). They proposed a 

theory of intelligence which presupposes that the general factor found in tests is in actual 

fact a function of two conceptually distinct, but related, factors. They accepted that all 

intellectual skills use a general intellectual ability, but argued that they also call upon more 

specialized skills, depending on the needs of the task in hand. Cattell (1963) identified two 

of these specialized skills and labelled them crystallized and fluid intelligence. According 

to Hayslip and Panek (1993) the denotation of these two fectors, and the drawing of a 

distinction between the two abilities, make them ideally suited for understanding the nature 

of adult development as the skills are defined in such a way as to make predictions about 

developmental change possible.

Fluid intelligence can be thought of as a natural endowment - an innate general cognitive 

capacity - which draws on acquired knowledge as little as possible, and might be defined as 

the ability to solve novel or unusual problems for which the solutions are not achievable 

fi'om either formal education or cultural practices. Horn (1982) - who refers to fluid and 

crystallized intelligence as Gf and Go respectively - states that the primary mechanisms of
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fluid intelligence involve: "... identifying complex relations among stimulus patterns and 

drawing inferences on the basis o f comprehending relationships, as measured in thinking 

tasks wherein performance is not greatly aided by the breadth o f knowledge o f Gc" (p. 

243).

Fluid intelligence can be thought of as the capacity or aptitude to learn. It involves memory 

span and mental agility and is typically measured by tests which call for productive relational 

thinking and mental speed; for example, completing matrix patterns, letter series, paper 

folding, analogies and remote associations tasks. According to Horn (1978) fluid 

intelligence can be measured using unspeeded as well as speeded tasks, involving figures, 

symbols or words.

Crystallized intelligence on the other hand can be conceived of as an acquired characteristic 

- general knowledge and special experience - and is a reflection of the amount of knowledge 

a person has acquired over his or her lifetime. It includes the ability to define words; verbal 

skills in general; and the effective use of the skills and knowledge with which formal 

education is primarily concerned. Typically it is measured by tests which call for the 

reproduction of information such as asking people to produce synonyms or to answer 

'genial knowledge' type questions, or the exercise of a learned skill: 'This broad function 

is manifested in a large variety o f performances indicating breadth o f knowledge and 

experience, sophistication, comprehension o f communication, judgment, quantitative
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thinking, understanding conventional interpretations, and perhaps most generally, 

wisdom'"(Bom, 1982, p. 243).

The application of fluid intelligence is relatively eflfortflil - i.e., the individual has to work 

hard mentally; the exercise of crystallized intelligence is relatively effortless - i.e., the 

individual can draw on general experience to determine what to do. The problems the 

pCTSon encounters vary according to the demands that they make on their fluid and 

crystallized competence; the ability to respond to these demands reflects their 'effective' 

intelligence (Bromley, 1988). Horn (1970, 1978) acknowledged however, that the 

distinction between the two skills is not always so apparent as some problems may demand 

the employment of either of the abilities.

According to Gross (1992) the majority of individuals show a decline in fluid intelligarce in 

the second half of their lives (a peak having been attained during late adolescence), and that 

the average 30 year old has already lost approximately half of the measurable fluid 

intelligence they will have lost by the age of 65 (see Figure 3.1).

Rabbitt (1991) writes that the negative cognitive changes that occur with age are essentially 

the result of irreversible degenerative changes to the central nervous system (CNS) i.e., the 

brain and the spinal cord. Horn (1982) states that the result of the degenerative changes to 

the CNS, that occur between the ages of 20 and 60 years, leads to a loss of the capacities 

which require alertness, focused intensive attention, and the organisation of unorganized
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Figure 3.1: Hypothesized changes in fluid and crystallized intelligence with age.

- 6 8  -



COGNITIVE AGING AND INTELLECTUAL CHANGE

information. As a consequence, some aspects of noimal cognition, such as short-term 

memory, speed of performance, and intellectual functioning are adversely aJBfected. Some 

support for a relationship between the degeneration of the CNS and a worsening of 

intellectual abilities comes from researchers who have carried out studies using Positron 

Emission Tomography (PET) and Computer Axial Tomography (CAT) scans to examine 

brain functioning (e.g.. Moss & Albert, 1988). According to Stuart-Hamilton (1991) there 

is unanimous agreement amongst such researchers that decrements in intellectual and 

mnemonic performance are correlated with age-related declines in brain mass and 

metabolism. As the degeneration of the CNS with age clearly has a profound influence on 

normal cognitive functioning, a brief account of some of the main characteristics of the 

aging CNS are presented next

3.2: Normal Aging and Changes to the Central Nervous System (CNS)

From the age of about 20 onwards the brain decreases in weight, and by the age of 90 the 

normal aged individual will have lost between 5 and 10 percent of their brain weight. Total 

brain mass also shrinks, especially after the age of 50, by approximately 15 to 20 percent. 

The majority of the tissue loss is in the cerebral cortex but depletion is most marked in the 

temporal and frontal cortex (Rabbitt, 1991). As the individual ages there are also structural 

changes to the brain most generally reflected by the loss of neurons, or nerve cells, which 

receive and transmit information, and, alterations to the architecture of the remaining cells. 

According to Petit (1982) the marked atrophying of dendritic process is one of the most

For a full discussion of the physiology of aging see Ivy, Petit & Marfcus (1992).
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Striking effects of the aging brain. Dendrites are branch like connections which receive and 

integrate information from other neurons; with age the dendrites decrease in both length 

and number and eventually disappear altogether, resulting in the loss of receptive ability. 

Axons - which are responsible for relaying signals to other neurons - also atrophy. 

Additionally, neurons undergo alteration of their internal structure by developing protein 

filaments which are helically wound and are known as neurofibrillary tangles. The 

development of these inside the cell causes harm by forcing the nucleus to one side and 

interfering with normal cell functioning (Adams, 1980; Bondareff  ̂ 1980).

Neuronal functioning is also adversely affected by the accumulation of lipofuscin - a 

yellowish pigment found to a degree in all normal cells but which accumulates in excessive 

amounts in the £ ^ g  brain. It has been suggested that an imbalance of lipofuscin in 

neuronal cytoplasm may cause a fundamental breakdown in cellular homeostasis, thus 

interfering with neuronal functioning and ultimately leading to the death of the neurone - 

although there is some debate as to the exact relationship between excessive lipofuscin and 

neuronal damage (Ivy, Macleod, Petit & Markus, 1992). Senile plaques (abnormally hard 

clusters of damaged or decaying neurons) are also likely to form, which again affect the 

natural workings of the brain. According to Ivy et al. (1992), although senile plaques are a 

feature of normal aging it is generally recognized that the greater the concentration of senile 

plaques than the greater the degree of dementia.
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Although these changes are relatively heterogeneous, as has already been stated, certain 

subsets of cells and areas of the brain are more prone to age-related damage than others. 

Much of the limbic system (which is strongly linked to intellectual functions such as learning 

and memory) appears to undergo variable amounts of cell death with about five-percent of 

the neurons in the hippocampus decaying with each decade in the second half of life, the 

total loss approximating 20 percent during that period (Adams, 1980; Kermis, 1983, 1986; 

Selkoe, 1992). A number of researchers have suggested (e.g.. Ivy, Macleod, Petit & 

Markus, 1992) that neuronal loss is a concomitant of reduced cerebral blood flow. Aging 

blood vessels are no longer able to supply oxygen and other important nutrients to the brain 

so efficiently, which results in the death of neurons and surrounding tissues. However, there 

is some debate as to whether nerve cells die as a result of lack of oxygen or whether the 

decrease in neuronal activity means that a less fulsome cerebral blood supply is needed (Ivy 

et al., 1992; Stuart-Hamilton, 1991). Even if the change in cerebral blood flow does not 

affect the number of neurons it may have an adverse effect on the efficiency and speed with 

which the CNS can operate. A fijrther serious consequence of reduced blood flow is that 

the blood-brain barrier which filters out toxins may be affected resulting in the brain being 

exposed to toxic products or infectious substances (Ivy et al., 1992).

3.2.1: Degenerative Changes to the CNS and the Consequence For Adult Intelligence

Horn (1982) suggests that the difficulties involved in separating neurological functioning 

fi'om individual differences in human abilities are such that one should expect to uncover no 

more than simple correlates between the two. However, it is reasonable to presume that
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fluid intelligence, as a biological function, would be sensitive to changes in the central 

nervous system. A concomitant of aging is an inevitable decrease in neurophysiological 

functioning, therefore, fluid intelligence might also be expected to decline with age. 

Conversely, although crystallized intelligence is, to an extent, a function of neurological 

factors, analysis of performance on crystallized intelligence type tasks indicate few concrete 

links to neurological functioning (Horn, 1982).

Kausler (1991) concurs that the capacity of fluid intelligence is likely to decrease with 

increasing age, but that the capacity of crystallized intelligence would be expected to 

increase throughout the life-span. A proviso to this however, as far as crystallized abilities 

are concerned, is that a reduction in the eflSciency of fluid abilities means that less 

crystallized knowledge can be assimilated, and hence the increments in crystallized 

intelligence must implicitly become progressively smaller. A considerable amount of 

research (see Section 3 .3 below) has shown that when tests are used which tap accumulated 

knowledge, older subjects may be equivalent, or superior, to younger ones, but they are 

likely to show deficits in tests which are heavily dependent on fluid intelligence, i.e., those 

tests whidi reflect abilities not dependent upon previous learning but which are more 

directly reliant upon the neural and other physiological processes which support intellectual 

functioning and which may be held to deteriorate with age (e.g., Horn and Cattell, 1967).

Salthouse (1991), in an extensive review of the literature concerning diflferential aging 

effects, presents a list of cognitive characteristics found by researchers to be commonly 

associated with the eflfects of aging. The attributes that represent both the smallest and the
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greatest aging eflfects, show support for the position that age brings about an increase in 

knowledge but at the expense of taking longer to think things through. For example, tasks 

showing the greatest age differences include: perceptual-motor and speed functions 

(Botwinick, 1977); the capacity to acquire new concepts or to apply existing concepts 

quickly and accurately to complex situations (Bromley, 1974); non-verbal information, 

speed of response, and novel situations (Burger, Botwinick & Storandt, 1987); immediate 

problem solving ability (Fitzhugh, Fhzhugh, & Reitan, 1967); current processing eflSciency 

(Salthouse, 1988c); and, abstract reasoning (Willis, 1987). All the above can clearly be 

placed under the heading of abilities which utilize fluid intelligence. However older adults 

show much smaller age deficits on tasks which draw on the so called crystallized abilities, 

for example, verbal abilities and stored information (Botwinick, 1967); intellectual 

attainments (Bromley, 1974); verbal abilities (HaJpem, 1984); use of knowledge to deal 

with problems and form new knowledge (Horn, 1982); and leniently timed ‘knowledge 

inventories’ (Spieth, 1965). These findings lend support to the notion that age differences 

can be measured in terms of the two distinct abilities delineated by Cattel (1963).

Bromley (1988) asserts that if one defines intelligence as the ability to formulate abstract 

and novel ideas in relatively straightforward test situations, then intellectual creativity will 

show considerable depletion with age, and this should be particularly the case when the 

individual is expected to respond within the constraints of certain time limits. That this 

depletion begins at a relatively early age, and is especially noticeable in tasks demanding 

speeded responses, was demonstrated in a study carried out by Rabbitt, Baneiji, &
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Szemanski (1989) who showed that there is impairment in the learning of complex, fast 

interactive video-games for individuals between the ages of 18 and 36 years. These findings 

are characteristic of circumstances which require the individual to process novel information 

as rapidly as possible.

In this respect, and because psychometric measures of intellectual creativity have been 

found to correlate significantly with measures of fluid intelligence (Bromley, 1988), a 

legitimate parallel could be drawn between the concepts of fluid and crystallized intelligence 

and the intellectual capacities of creativity and wisdom; creativity in the sense of the abstract 

capacity for problem solving, and wisdom as the acquisition of practical experience and 

expertise (Simonton, 1990).

The nature of the difference between the two modes of intelligence was highlighted in a 

comprehensive study of life-span achievements carried out by Lehman (1957, 1966). His 

examination of biographical data suggested that, regardless of profession, there is a 

relatively early peak in intellectual abilities which is followed by a long slow decline. These 

peaks occur later and the declines are less protracted in areas such as history and literature 

which require extensive application of acquired knowledge, as opposed to those areas such 

as mathematics which focus rather on the ability to identify and solve new problems. 

Although Lehman's conclusions have been criticized and qualified (e.g., Dennis, 1966) there 

is much support for the concept of a lifetime pattern of cognitive achievement being 

represented as a progressive, homeostatic, process involving a shifting balance between the
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loss o f  raw* information-processing capacity and problem-solving ability and the continuing 

enhancement of information and usefiil learned skills (Rabbitt, 1991).

While there appears to be little disagreement amongst researchers that fluid intelligence 

declines in old age while crystallized intelligence remains largely unaffected, the question of 

how best to map such patterns of adult intellectual change remains a matter of some debate 

and controversy.

3.3: Intelligence Tests and the Measurement of Adult Cognition

The most commonly used instrument in the measurement of adult intelligence is the 

Wechsler Adult Intelligence Scale (WAIS). Wechsler spent many years attempting to 

establish the effects of aging on adult intelligence and in 1955 published the WAIS. He 

defined and measured intelligence in terms of a set of scores derived fi*om a person's 

performance on eleven tests of intellectual ability. This is divided into two scales, a Verbal 

Scale and a Performance Scale, and each of these produces a separate IQ (Intelligence 

Quotient); the scales can be combined to produce a third, total or overall IQ. The Verbal 

Scale, as would be expected, comprises a number of tests in which all the questions are 

given verbally and require verbal answers, e.g., information, comprehension, arithmetic, 

similarities, digit span and vocabulary. The Performance Scales (so called because the testee 

actually has to physically respond, as opposed to merely uttering the answers) are 

comprised of: digit symbol, picture completion, picture arrangement, block design, and 

object assembly tests (Bromley, 1988).
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Norms for the recently revised form of the WAIS-R - up to age 75 (Wechsler, 1981) 

confirm the finding that there is relative stability for the verbal sub-tests but substantial 

negative age differences for the performance sub-tests that involve perceptual speed 

(Sattler, 1982). Evidence for the stability of this pattern into advanced age has also been 

documented (Field, Schaie, & Leino, 1988; Siegler, 1983). This is in line with the general 

pattern of available results for rates of decline and stability in fluid and crystallized 

intelligence, some examples of which are discussed below:

Significant age-diflferences in intellectual ability have been demonstrated with a common 

test of fluid intelligence - Raven’s Progressive Matrices (Raven, 1948). This test measures 

relational thinking and requires the subject to identify the missing component of an 

incomplete spatial pattern. According to Bromley, the normal effects of aging on 

performance of this test are pronounced. This was confirmed by Cunningham, Clayton, and 

Overton (1975) who found that younger subjects not only attained significantly higher 

scores than older subjects, but that the magnitude of the difference tended to be 

considerably greater than the age difference on a vocabulary test. Hayslip and Stems 

(1979), using a range of fluid and crystallized intelligence tests, have also produced 

comparable results. However, there is also evidence to suggest that not all individuals 

within an age-group suffer the same age-related declines in fluid intelligence as there are 

some individuals who seem to be relatively immune to such changes.
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For example, Rabbitt (1984) carried out a large cross-sectional study which involved giving 

600 people with ages in the range 50 to 79 years - each assigned to age-decades (fifties, 

sixties and seventies) - tests of fluid and crystallized intelligence. Rabbitt found that whilst 

there was no significant difference between the mean scores for the age groups on the 

crystallized intelligence abilities, nor any difference in the distribution of these scores, a 

different pattern of results was observed for the fluid intelligence measures. The results 

showed that the older subjects (i.e., those in their seventies) had rignificantly lower mean 

scores than the younger subjects (i.e., those in their fifties); additionally, the distribution of 

scores changed, such that there was an increased skew for the older group. In other words, 

although the scores from the three age groups fell within the same range (i.e., the lowest 

and highest scores across the three age-decades were identical), the proportion of low 

scorers increased in the older groups, with a corresponding lowering of the proportion of 

elderly responders who were high scorers.

It is interesting to note that between 10-15 percent of the 70 year olds maintained high 

scores which were of an equivalent performance level to the best of the younger subjects. It 

may be that the older subjects who attained these high scores may have had even higher 

scores when they were younger, but that they had declined with age. However, Rabbitt 

(1984) found no individuals in the younger groups who had these veiy high scores. In other 

words, although a decline in fluid ability is likely with age, on an individual basis, it is not 

inevitable (Stuart-Hamilton, 1991).
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3.4: Speed of Performance and Intellectual Aging

Biiren and Renner (1980), observe that one of the changes which can almost certainly be 

expected with increasing age is a slowdown in performance and behaviour. Beginning at 

around the age of 40, it appears that accuracy is emphasized at the expense of speed when 

older adults are performing psychomotor tasks (Welford, 1977). Consistent age differences 

have also been found in overall simple reaction time (Panek, Barrett, Stems & Alexander, 

1978) and there are noticeable age-differences recorded for decision time judgments, i.e., 

older adults take longer to initiate a response than younger age groups (Clark, Lanphear & 

Riddick, 1987).

There is much evidence to suggest that decline in speed with age unfavourably affects 

performance on tests of intellectual abilities. The question remains, however, as to whether 

this mental slowing involves single or multiple mechanisms (Schaie, 1990). A number of 

researchers including Botwinick (1984), Clark et al. (1987), and Salthouse (1985) state that 

explanations for the slowness in reaction times come from two sources: Peripheral 

explanations' which view the decrease in speed in terms of depletion in the sense organs as 

well as the peripheral nervous system (e.g., Botwinick, 1984); and 'Central explanations' 

(e.g., Clark et al., 1987; Salthouse, 1985) which view the slowdown as being the result of 

some higher-level internal process and which is seen to be the major reason for the 

slowdown in behaviour with aging.
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3.4.1: Peripheral Explanations

It is possible that the age decline shown in psychometric test scores are not necessarily the 

result of any change in intellectual processes per se, but rather, a consequence of the elderly 

not being able to physically write down the answers quickly enough; if the older individual 

physically takes longer to respond, then they will obviously have less time to deal with the 

problems. This issue has been investigated by Storandt (1976) who gave both young and 

old subjects the Digit Symbol Substitution task from the WAIS test battery. This test 

requires subjects to match up digits to printed symbols according to a preordained code. 

According to Bromley (1988) it is a test of mental speed, and, like other tasks that require 

speed of mental processing, there is a marked decline in the ability to perform this test with 

age. Storandt (1976) wanted to find out how much of the time-difrerence between younger 

and older subjects was a result of the older adults taking longer to write the answer down. 

Performance on this task is timed over ninety seconds, so Storandt recorded how many 

symbols the subjects could copy within the time limit of the test and used this as a measure 

of the subjects' physical response speed, which she then compared with the subjects' 

performance on the test itself

The results showed that the elderly were significantly worse at both tests, and Storandt 

(1976) found that the physical limitations of the older group were a significant factor. In a 

later study, however, Storandt found that even when the time limit on a test of fluid 

intelligence was removed there was still a significant age-difference (Storandt, 1977). A 

response time difference also exists in tests of crystallized ability. In an unpublished study
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Core, (cited in Rabbitt, 1984) found that older subjects were slower in responding to 

questions on the Mill Hill Vocabulary Test (a test of crystallized intelligence). If a time limit 

had been imposed then the older group would have scored significantly worse than the 

younger subjects. This suggests that whether an age difference is found or not depends 

upon whether the task is timed. However, for measures of fluid intelligence, it appears that 

abolishing the time limit can only lessen the aged difference - it cannot remove it. Salthouse 

(1991) concludes that whether or not time limits are imposed significant age differences are 

still apparent in many measures and that peripheral slowing explanations - although worthy 

of consideration - cannot adequately account for age-differences in performance.

3.4.2: Central Explanations

A problem with the attempt to differentiate the role speed may play in older adults’ task 

performance is that a clear demarcation between the two sets of processes is difficult to 

achieve as some of the tasks employed to test purely the peripheral contribution may 

involve some of the higher or central cognitive processes. Additionally, there is the issue of 

whether speed can actually be conceptualized as a processing resource, firstly, because it is 

inherently difficult to define precisely what a processing resource is, and secondly, because 

of the complexities of determining exactly the role speed plays in information processing. 

Salthouse (1991) points out that it is intuitively the case that the faster cognitive operations 

are carried out then the greater the opportunity for more, and perhaps better, processing to 

be performed; and he suggests that for this reason the rate at which processing operations 

can be executed may be considered to be analogous to a processing resource. He goes on
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to state that if older adults are not as efficient at processing information as younger 

individuals then this may be an important determinant of age differences in cognitive 

performance.

There is no doubt that speed - whether perceived as being peripheral or central in origin - 

affects older adults’ task performance. However, there appear to be a number of difficulties 

involved in determining exactly how speed of processing should be cognitively 

conceptualized.

A number of researchers (e.g., Eysenck, 1986; Jensen, 1985) have suggested that individual 

differences in cognitive competence with age and IQ are best described in terms of the 

loading on a single factor 'g*, which has been identified with information processing rate. 

They further suggest that as information processing rate is a performance index common to 

most laboratory tasks, information-processing efficiency could be taken to be a sensitive 

indicant of general neural efficiency. Rabbit (1991), however, is dismissive of this proposal. 

He asserts that subscribing to the idea of a single common factor which accounts for all 

individual differences in the decline of cognitive perfiDimance with age is full of conceptual 

difficulties precisely because information-processing rate is a performance index logically 

implicit in all empirical measurements. Suggestions, therefore, that information-processing 

rate can be viewed as an individual but central agent in cognitive aging, or in individual 

differences in intelligence, is quite likely to be true, but cannot be analytic; i.e., such
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pronouncements have limited value in that they say very little about the nature of change in 

adult intelligence per se.

Rabbitt's (1991) submission that the only satisfactory way to resolve the issue is through 

neuropsychological investigation followed-by comprehensive examination of performance 

indices of various skills associated with chronological age, and measures of information 

processing rate - in order to ascertain degrees of commonality and to assess variance, seems 

a rather extreme approach to determining the role information processing rate plays. 

However, it does raise the issue of the legitimacy of research which attempts to define, in 

what can be characterised as a reductionist way, individual differences solely in terms of 

information processing rate.

3.5: Conclusions

Examination of the literature indicates that the cognitive capabilities which are least 

vulnerable to the normal effects of aging are those which are relatively specialized (i.e., 

those factors that can be measured by crystallized intelligence tests). While those which are 

least resistant and show the most sensitivity to age changes are those that are relatively 

unspecialized (such as abilities reflective of fluid intelligence). Psychometric tests of adult 

intelligence assuredly indicate that age and unspedalized intelligence tend to be highly, but 

n^atively correlated.

- 8 2 -



COGNITIVE AGING AND INTELLECTUAL CHANGE

To say the least, the measurement of intelligence is beset with conceptual and 

methodological difficulties. General intelligence cannot be adequately defined as a single 

ability but should be seen rather as a collection or system of abilities, some of which can be 

measured relatively independently of one another. These abilities interact not only with 

each other but also with so-called 'non-intellectual factors' such as personality, motivation, 

depression and anxiety^ Even if it were possible to identify some form of reliable 

measurement of'intelligence' there is Rabbit’s (1992) observation to consider. He noted 

that although these evaluations may provide information as regards individual differences, 

they are limited in as to how much information they actually provide about the aging 

individual in society. Additionally, as Bromley (1988) points out, there is the question of 

how important these changes in intelligence - such as those represented by fluid and 

crystallized ability - actually are; is the fact that intelligence declines with age relevant to 

real-life functioning, and exactly how much difference does it make to the older individual. 

However, Salthouse (1986) maintains in defiance of these problems, intelligence tests - 

despite being poor predictors of absolute ability - are vital as control measures and that 

these tests are still the best way of assessing adult intelligence until a more meaningful 

methodology becomes available.

See Chapter Four, for a discussion of the effects of motivation and depression on task performance.

_ _ _



Chapter Four

RESEARCH METHODS AND OLDER ADULTS 

4.1: Introduction: Longitudinal Vs. Cross-sectional Measurement and 

the Cohort Effect

The impression that cognition declines steadily with age has emerged mainly from 

cross-sectional studies. Cross-sectional designs involve making ‘between-cohort contrasts’, 

i.e., cognitive performance is compared across different age-groups. However, there are 

methodological difficulties associated with this type of study, in particular, that which has 

become known as the ‘cohort effect’ (Stuart-Hamilton, 1991). This refers to the fact that 

differences between, for example, 20 year olds and 70 year olds are not confined merely to 

age, but include all those features of their upbringing and experience. Thus these two 

age-groups represent different cohorts, i.e., each group shares a common set of experiences 

which separate them from others preceding or following them m historical thne (Hayslip & 

Panek, 1993). This makes the drawing of any simple conclusions regarding the way in 

which cognitive fectors - such as intelligence - change with age, difficult.

For example, empirical findings have shown (e.g., Hayslip, Kennelly, & Maloy, 1990; 

Schaie & Labouvie-Vief, 1974) that later-bom cohorts appear to be intellectually 

advantaged when compared with earlier bom cohorts at the same ages. This phenomenon 

has been explained on the grounds that increased educational opportunities and improved
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life-styles, including improved health care and better nutrition, have enabled successive 

generations to; "...reach ever higher ability asymptotes similar to the secular tends o f 

improvement fo r anthropometric and other biological markers" (Schaie, 1990, p. 297). 

Just how great is the discrepancy in results obtained from within-cohort analyses in 

comparison to data obtained from between-cohort analysis? In answer, some conclusions 

regarding the relative importance of the cohort effect are presented below.

One of the most comprehensive longitudinal examinations of the effects on intellectual 

abilities is the Seattle Longitudinal Study (Schaie, 1983; Schaie & Hertzog, 1986). This 

study involved testing over 5,000 subjects, at seven-year intervals, from ages 25 to 81 

years. Throughout the investigation, subjects were assessed using Thurstone's Primary 

Mental Abilities Test (PMA) (Thurstone, 1938, Thurstone & Thurstone, 1949). This is a 

test batteiy made-up of a number of sub-tests, which, the authors claim, measure five 

distinct aspects of intelligence: spatial ability, reasoning, numerical ability, verbal meaning, 

and word fluency. The results of the study showed that, on average, there is gain in 

intelligence until the late 30's or early 40's then there is stability until the mid-50's or early 

60's are reached. Average decrements from age 53 to 60 are quite small and are statistically 

significant only for number and word fluaicy. Once the age of 60 is reached, however, 

7-year decrements are statistically significant throughout. The results indicate that average 

decline in psychological competence may begin for some as early as the mid - 50’s, but that 

it is typically of small magnitude until the 70’s are reached (Schaie, 1990).
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The most important point about this study, however, is that both cross-sectional and 

longitudinal information were available, thus making it possible to evaluate the importance 

of critical cohort differences. However, Salthouse (1991) carried out a re-examination of 

the data (T-score values^) for three of the sub-tests, across the seven year period. By 

calculating the difference in the amount of change in selected aspects of cognitive 

performance in both longitudinal and cross-sectional data he was able to demonstrate that, 

in fact, very similar relations between age and cognitive-performance existed for both within 

(longitudinal) and mixed (cross-sectional) cohorts. Salthouse stated that despite only a 

limited sample of cognitive measures being examined (and given that adjustments were 

made for factors such as practice and selective attrition) there appeared to be little support 

for the argument that results from cross-sectional investigations are not truly representative 

because of confounds due to the cohort effect. He drew the following conclusion; ‘To the 

extent that the results o f Schaie’s Seattle Longitudinal Study provide an accurate reflection 

o f cognitive functioning in adulthood, therefore, these analyses suggest that cohort 

membership, per se, may have relatively little effect on either the direction or the 

magnitude o f age differences in cognitive performance ” (Salthouse, 1991, p. 112).

There are obvious benefits in employing a cross-sectional design over a longitudinal one, 

most notably an economy of time. To compare differences between 20 and 70 year-olds 

would take 50 years using a longitudinal method as opposed to a matter of weeks or 

months - depending on the sample size - for a cross-sectional study. However, such a study

 ̂According to Salthouse (1991), The T-score values ’’indicate the magnitude o f change inferred or 
observed across an interval o f 7 years, and thus roughly correspond to the slope of the function 
relation age to performance” (p. 109).
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is employed at the cost of the researcher not being absolutely sure how much of an age 

group difference is caused by aging per se, and how much is due to the influence of a whole 

range of environmental and social factors.

Powell (1994) avows that the cross-sectional method is an acceptable way of obtaining data 

for psychological investigations with older adults, but warns that comparing results derived 

fi'om two groups of different ages may exaggerate both how soon the decline occurs and 

the extent of the loss. He maintains, however, that there is no reason why age-related 

changes in cognition, recorded cross-sectionally, should not be generalizable, over time, to 

the same subjects.

4.2: The Impact of Individual Differences on Cognitive Performance 

in Older Adults

Regardless of whether a cross-sectional or a longitudinal design is used to study the 

effects of aging on cognition, some decrements in intellectual functioning are assuredly 

inevitable. In Chapter Three, some of the effects of aging on cognitive functioning 

were presented, as well as attempts to explain the source of the typically observed 

patterns of loss. One such explanation was that degenerative changes in the central 

nervous system are at the root of age declines, i.e., that the social, behavioural, and 

cognitive aspects of aging derive mainly fi'om degenerative physical changes that take 

place in the body over time. However, as Rabbitt (1990) points out, this does not 

explain why so many individual differences exist amongst older adults when it comes to
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cognitive processes. In other words, how much of the decline in mental performance 

typically observed with age can be legitimately attributed to degenerative factors, and 

how much to other more pressing factors, such as the nature of the task used, 

individual motivation, or depression.

As ‘old age’ can cover a period of thirty years or more (i.e., 60 - 90 plus) older people 

are likely to be as, if not more, diverse then young people. As a result, psychological 

research with older adults, according to Kimmel and Moody (1990) may, because of 

age-related stereotypes and bias based on age, involve especial methodological and 

ethical issues over and above those that ordinarily need to be considered. It has been 

argued by a number of researchers that the impact of non-cognitive age differences 

such as values, interests, and emotions may be partially responsible for the observed 

variability in performance between groups of older and younger adults (e.g., Arbuckle, 

Gold, & Andres, 1986; Kausler, 1982, 1990; Labouvie-Vief, 1985; Labouvie-Vief & 

Blanchard-Fields, 1982; Schaie, 1990). However, evidence that these factors play a 

major role in differentiating the performance of the older adult in comparison to the 

young has so far been equivocal (for a full review see Salthouse, 1991). Typical 

examples of such factors are the unquestioning application of the assumptions of 

laboratory based tasks to older adults - and the relative influence of motivation and 

depression on cognitive performance.
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4.2.1: Ecological Validity, Aging and Task Familiarity

According to Chamess (1982) if valid generalizations are to be made about the effects of 

aging on cognition, then they must be based on tasks that older people engage in on an 

everyday basis. In other words there should be a move away from traditional laboratory 

style tasks to those which are ‘ecologically valid’ for the older adult. Concerns about the 

legitimacy of using traditional laboratory tasks to asses age-related changes in cognitive 

performance are certainly valid in that it is probable that testing older adults with material 

with which they are not frmiliar will reveal greater age-related differences than if the 

material used is relevant to their everyday experience. But just how do you measure 

everyday experience? As Salthouse (1991) observes, if ecologically valid tasks are those 

which are based on activities that the older adult regularly engages in then some frequency 

measure of how often these different activities are performed needs to be made, but no such 

measure is available.

According to Hultsch & Dixon (1990) the assumptions regarding the use of familiar tasks 

are that ^ycaniliarity breeds success and success is indicated by attenuation o f age 

differences in performance levels” (p. 261), but the application of such tasks has so far 

failed to produce a consistent pattern of results showing diminution in age-differences. 

Paradoxically, attempting to design tasks that are more familiar to the older adult may result 

in the confound of the old being advantaged at the expense of the young. For example, if 

ecologically valid tasks are designed in such a way as to typify eveiyday life situations then 

performance on these tasks is likely to be advantageously influenced by experience, and
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therefore positively correlated with chronological age. Furthermore, as Salthouse (1991) 

notes, if the attempt to contrive tasks that are ‘meaningful’ to the average individual results 

in a situation where the young are discriminated against in fevour of older adults who have 

had more opportunity to acquire the relevant expertise, then the exercise of such tasks may 

still fail to yield fair assessments for adults of all ages.

However, a point worth considering, and one which has been raised by a number of 

researchers who favour the employment of ecologically valid tasks when assessing older 

adults, is that that these tasks may be more meaningful to older adults and have the positive 

effect of encouraging motivation (e.g., Kausler, 1982; Nesselroade & Labouvie, 1985).

4.2.2: Motivational Factors and Cognitive Performance

Lack of motivation has frequently been posited as an explanation for age-differences in 

cognitive performance between young and old. Jakubezak (1973) and Kausler (1982), 

for example, state that tasks such as learning, memory, problem solving, and 

intelligence may show age-related performance decrements because of complex 

interactions between ability and motivational factors. In other words older adults may 

have similar cognitive abilities to a younger group but in a test situation their 

performance may be impaired because of deficient motivation. Even so, as with the 

issue of using so called ecologically valid tasks, this area is extremely complex and 

there is considerable dissent amongst researchers as to the unquestionable importance 

of motivation to the older adult.
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Bromley (1988) for example, points out that it plainly makes sense that any individual, 

regardless of their age, who is highly motivated is likely to work faster and persevere 

longer at any given task. Anyhow, both young and old subjects can perform below 

their true ability levels. The induction of higher motivation by external means, for 

example, by financial incentives, may arouse a level of performance as near as possible 

to that permitted by the individuals competence, but this is likely to be equally true for 

adults of all ages. As a consequence, age-related differences in performance, as 

determined by age-related difference in abilities, persist regardless of the amount of 

induced motivation.

Additionally, even if the gap between levels of motivation for young and old can be 

narrowed, the focus of motivation for the two groups may be qualitatively different. 

For example, Labouvie-Vief and Blanchard-Fields (1982) argued that the ‘poorer’ 

performance of older adults on many cognitive tasks is, to some extent, the result of 

differing levels of interest in the tasks, and/or the setting of performance goals, which 

do not match the investigator's criteria of good performance. Bromley (1988) observed 

that older adults exhibit such differences in task interest. For example, they are more 

inclined to surrender in their attempts to solve a problem and settle on an approximate 

solution, because they are slower and have less aptitude for mastering difficulties. 

However, this cannot necessarily be attributed to lack of motivation, as there are many 

studies which show that even when there are no time limits, the cognitive performance 

of older subjects is poorer than that of a younger groupé; and more importantly, well

 ̂See Chapter Three, section 3.4: Speed of Performance and Intellectual Aging
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motivated and persistent older subjects add relatively little to their overall performance 

in the extra time they are allowed.

There is also no reason why young individuals should be any more interested in any 

given task than older ones; indeed older adults may feel the need to ‘prove’ their 

abilities and thus demonstrate greater interest than a young group. Bromley (1988) 

declares that having volunteered to take part in psychological investigations older 

adults are likely to be better motivated to do well and work closer to capacity than 

younger volunteers, and a number of other researchers have reported that their 

perception of older subjects who have undertaken cognitive tasks is that they are at 

least as motivated as the young adults who have also tackled them (e.g., Murphy, 

Sanders, Gabriesheski & Schmitt 1981; Schonfield, 1980).

Finally, although as Salthouse (1991) observes, there is little strong evidence to 

support the supposition that poor motivation is a potent explanation for the 

comparatively poor performance shown by older adults on many cognitive tasks, 

Kausler (1990) believes that that this may simply be because the right kinds of 

experiments have not yet been conducted; for example, those which clearly delineate 

motivation from other factors such as anxiety, low self-esteem, or depression (see 

below). Kausler (1990) exhorts researchers to continue looking at how factors, such 

as motivation, affect the performance of the older adult, and believes that so long as 

the right kinds of questions are asked the right kinds of answers will ensue.
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4.2.3: Depression.

A closely related topic, and one that is frequently discussed with respect to 

explanations for cognitive age-differences, is depression; which is the most common 

functional disorder in the aging adult (e.g., Burke, Burke, Regier & Rae, 1990; Cohen, 

1990). According to Hayslip & Panek (1993), who cited research based on interviews 

with 20,000 adults, the occurrence of major depression tends to peak between the ages 

of 20-25 and then declines thereafter until the age of 60, then there is an increase again 

after the age of 60 with the highest rates of depression being in very late life, at age 80 

and beyond (Burke, et al., 1990). A number of studies lead one to believe that 

depression may have a detrimental effect on an individual’s cognitive performance. 

Ergo, depression is ft"equently accompanied by impairments of attention, concentration and 

overall levels of mental energy. This was confirmed by Weingartner (1986) who showed 

that cognitive processes requiring greater effort were the most impaired in depressed 

individuals. There is also a greater likelihood of memory impairment, particularly of recall 

performance (Kaszniak, 1990).

In light of such reports, Powell (1994) conducted a series of studies with the aim of 

investigating the hypothesis that depression has a negative influence on cognitive 

performance. Powell was concerned with the effects of emotions, such as anxiety and 

anger as well as depression, on cognition, in individuals with an age-range of 25 - 92 

years. This research involved correlating the results of two self-report questionnaires, 

the Cambridge Research Mood Survey (CRMS) - which incorporates 23 scales
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designed to record a range of moods with a non-clinical population, and the State-Trait 

Personal Inventory (STPI) which measures state-trait anxiety, anger and curiosity, with 

a battery of cognitive tasks that included tests of attention, verbal memory, visuo- 

spatial ability, reasoning and mental calculation. The only significant correlation he 

reports was between that of tension and cognition, i.e., individuals who had scored 

highly on the state-trait anxiety aspect of the STPI, and rated themselves as being 

tense, had slightly lower cognitive scores. Overall, Powell (1984) was unable to find 

any significant relationship between depression and cognitive functioning amongst 

either old or young subjects, regardless of the type of instrument used. He was 

therefore unable to confirm that depression retarded intellectual functioning.

It seems, that the waters are muddied and murky regarding the role that depression 

plays when assessing age-related declines in cognitive performance. Indeed, the degree 

to which ‘qualitative’ factors such as depression and motivation do negatively influence 

the cognitive performance of the older adult is difiScult to determine. According to 

Salthouse (1991) this may be because: “//i^ qualitative difference perspective is a 

mixture o f ideas loosely organized around the theme that the age differences observed 

in many measures o f cognitive performance may reflect changes that are qualitative, 

and not just quantitative. Most o f the ideas therefore seem to be at the level o f a 

theoreticalframeworlC'' (Salthouse, 1991, p.212).
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In defiance of the above, this does not mean to say that such investigations should be 

abandoned. Rather, what needs to happen according to Salthouse (1991), is that 

speculations regarding the influence of non-cognitive factors on performance should be 

formulated more clearly and be of sufficient detail to allow the testing of specific 

predictions. Until then, maintains Avom (1982), determining whether elderly subjects 

do less well on a particular task because they cannot do any better or because they do 

not care to do any better, remains an impossible task.

4.3: Summary

Despite the lack of consensus amongst researchers regarding the contribution of 

qualitative factors to the deterioration of cognitive performance with age, cognitive 

changes that take place in the aging individual should not merely be taken at face value. 

Older people’s mental functioning may alter qualitatively in response to the demands 

that their life-styles incur, and it is important that these qualitative changes be 

considered alongside the measurement of quantitative ones. Hulicka (1982) 

acknowledges that the ‘scientific’ study of the cognitive functioning of the older adult 

is important, but she also believes researchers have spent far too much time; "ydcusing 

almost exclusively on problems generated by conflicting theoretical propositions and 

inconsistent research findings, while devoting little attention the problems and natural 

behavior o f the categories o f people... (they) ... have sought to understand^ (p. 350).
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She advocates that a more humanistic approach should be taken when studying 

cognitive changes in the older adult, which actually deals with the individual, and 

which attempts to understand the problems that affect the older person in meeting the 

demands of everyday life.

With regard to the present experiment, an awareness of the issues outlined above was 

maintained as far as was possible, and it will be seen at appropriate and relevant points 

in the thesis. The employment of subjects who were to take part in the experiments was 

the starting point for such sensitivity; thus, as a preface to the first of the five 

experiments (which follow next) the recruitment procedure is described below.

4.4: The Subject Panel

4.4.1: Subject Recruitment - The Older Group

The majority of the older subjects (approximately two-thirds) were recruited with the 

assistance of ‘Haringey Area Health Authority - Elderly and Special Needs ' - who 

provided a list of Warden-Assisted Housing, and Good Neighbour Schemes*. The 

Warden or ‘Good-Neighbour’ was then contacted and asked to compile a list of 

tenants who might be prepared to take part in the research project. The participants

* Warden-Assisted Housing is essentially for individuals over retirement age although people in their 
50’s and early 60’s can wpgly if it is thought they could benefit fi'om the facilities offered The aim of 
Warden-assisted housing is to encourage individuals to lead an active and independent life for as long 
as possible. Good-Neighbour Schemes are overseen by a ‘Community Schemes Officer’ who lives 
nearby and is likely to be responsible for a number of properties. The individuals who are part of the 
scheme live independently, but have regular contact with the Community Schemes Officer. These 
tenants tend to be younger and more active than individuals in Warden-assisted schemes
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were required to be active older people between the ages of 60 and 85 years with good 

hearing and vision and who had no history of serious illness (such as strokes, or 

epilepsy).^

When soliciting volunteers to take part in this research project, the recommendations 

suggested by Rosenthal and Rosnow (1975) for reducing volunteer bias were followed. 

It was hoped that this would attract a relatively representative sample of the normal 

older population and not just those who were either anxious about their cognitive 

abilities and wanted some reassurance/confirmation, or those who considered 

themselves to be brighter or have superior memorial abilities. Examples of such 

implementations were: i) asking someone known to and trusted by the potential 

subjects and well briefed as to the nature of the experiment to make a request for 

volunteers (e.g., the Warden, or ‘Good-Neighbour’); ii) to send all potential 

volunteers a clear description of the research, outlining what would be involved and 

describing in as non-threatening way as possible how they would be expected to 

participate; iii) communicating to the potential subjects the importance of such 

research, gently stressing the value of their participation; iv) reassuring the volunteers 

of confidentiality; and, v) oflfering a financial incentive of £5.00 (which, incidentally, 

was refused by a number of the subjects). The volunteers were reminded at all stages

 ̂Apart from asking the warden to select only those individuals whom she/he knew to be in good 
health it was not felt necessary to take any additional measures to rule out the possibili^ of negative 
influence on cognitive performance. Salthouse (1991) maintains that ^age trends in a variety o f  
measures o f cognitive functioning appear to be independent o f either the self-rated or the objectively 
assessed, health status of the participants"'. Similarly, Powell (1994) following a large scale study (N 
= 1,002), reported that there was little relationship between cognitive performance and reported 
health. He concluded that cognition is relatively robust deqnte health problems in older individuals.
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that they should certainly not feel under any pressure to participate and that they could 

withdraw at any time without having to give a reason. A number of the older subjects 

reported that they or close relatives had had favourable experiences while attending 

University College Hospital for treatment and therefore identified positively with taking 

part in a research project for University College London. The remainder of the older 

adults were recruited through an advertisement in the London Evening Standard, and a 

local newspaper.

The Beck Depression Inventory was administered to all subjects throughout the five 

experiments^ .̂ Analysis of the ratings following completion of the investigation show 

that mean scores for the Beck Depression Inventory for both young and old subjects 

were very similar - with scores for both groups falling well below the ‘cut-ofF point 

which demarcates minimal from mild classifications of depression* \  With respect to 

motivation, it should be noted that as the elderly subjects volunteered to take part in 

the research, it can be assumed that their motivational levels were similar to that of the 

young subjects. An indication that this was the case was provided by the large number 

of older subjects who stated how much they had enjoyed the experience and were 

enthusiastic to take part in further experiments.

The Beck Depression inventory was also employed as a tool for measuring self-efficacy and its use 
is discussed in Chapter Five.
’ ' Classifications listed in the Beck Depression Inventory Manual (1987)
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4.4.2: Subject Recruitment - The Young Group

Care was taken when recruiting the younger group not to enlist only individuals 

studying at University College London. This was done by asking friends, relatives and 

neighbours to participate and asking them, in turn, to recommend friends of their own 

(within the specified age group of 18-38 years) whom they thought would be happy to 

volunteer. The same precautions taken when enlisting the older subjects were taken 

when recruiting the young: i.e., a clear description of the research was provided; their 

role in the project was made clear; anxieties were allayed as far as possible; 

confidentiality was assured; and finally, a financial incentive of £5.00 was offered 

(which no subject reftised!).
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Chapter Five

EPISODIC AND SEMANTIC MEMORY AND THE 

CALIBRATION OF SUBJECTIVE PROBABILITIES

EXPERIMENT 1 

5.1: Introduction

The fact that memory declines with advancing age is a robust phenomenon supported by 

extensive experimental research (Craik, 1990). However, as discussed in Chapter Three, 

decline in memory functioning does not appear to be universal; some aspects of memory 

remain relatively unaffected by age while other components show substantial decline. One 

explanation for this is that memory does not function as a unitary system, but rather as a 

number of subsystems or processing operations (e.g., Anderson, 1985; Mandler, 1985; 

Tulving, 1985). Some support for the existence of separate memory systems comes from 

neuropsychological investigations with normal and brain-damaged individuals which show 

that different memory functions are dissociable from one another (e.g., Moscovitch and 

Winocur, 1992). In order to determine how age affects memory it is important to 

differentiate among the hypothesized systems or processing operations so as to ascertain 

which aspects of memory show evidence of decline and which are spared. One such 

example, which is particularly relevant to cognitive aging research, is the distinction made 

between semantic and episodic memory originally outlined by Tulving in 1972.
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5.2: The Episodic/Semantic Memory System Distinction

Tulving (1972) proposed the existence of two separate memory systems each containing 

different kinds of information: episodic information and semantic information. Episodic 

information, according to Tulving, consists of personally experienced, temporally dated 

episodes, including the memory of specific objects, people and events that have been 

encountered at a particular time and place. Tulving (1990) describes episodic memory as 

being in essence a mental phenomenon, a conscious experience: “the nature o f which 

makes the remembering o f a past event qualitatively different from the nature o f the 

conscious experience resulting from the actualization o f general knowledge about the 

world“ {p. 223).

Semantic information consists of general or world knowledge, includes language, and need 

not have any personal significance for the individual, nor make reference to any time in the 

individual’s life, past or present. Originally Tulving suggested that these memory systems 

were separate and distinct entities that fimctioned independently of each other but, more 

recently he has described episodic memory as being embedded in, sharing processes with, 

and being supported by, semantic memory (Tulving, 1990).

5.2.1: The Effects of Aging on Episodic and Semantic Memory

Tulving’s distinction between episodic and semantic memory is particularly pertinent to the 

study of age differences in memory because the bulk of the literature concerned with the 

effects of aging on memory has consistently shown that memory changes with age are
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largely confined to episodic memory whilst semantic memory appears to remain relatively 

unaffected (Salthouse, 1991). For example Mitchell (1989) reported that older adults 

exhibited lower levels of recall and recognition than the young on an episodic memory task, 

but found that semantic memory functioning of the older group was similar to that of the 

young group except on a vocabulary test where older adults perfoimed significantly better. 

Research showing that episodic memory performance is substantially poorer for the older 

individual does not appear to be restricted to the laboratory but is also evinced in the 

average older individual’s everyday activities relative to young adults (Cavanaugh, Grady & 

Perlmutter, 1983).

Mitchell (1989) observes that results fi'om a diversity of tasks employing a wide variety of 

materials (e.g., word recognition, visual patterns, pictures and faces) reveal that older adults 

have poorer episodic memory performance ranging fi'om 50 to 90 per cent of the levels 

found in younger adults. Perfect and Stollery (1993) conclude, fi'om reviewing studies of 

episodic memory performance across the adult life span, that older people display consistent 

age deficits relative to the cognitive investment that the task requires (e.g., Craik, 1977; 

Craik & Byrd, 1982) and they maintain that the pattern of findings regarding age-related 

decline in performance is sufficiently well documented to be regarded as the ‘classic aging 

pattern’.

Age differences in semantic and episodic memory have typically been found when 

employing a betwcen-subjects design, but differences can also be demonstrated when
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testing memory performance in the same subjects, and, according to Mitchell (1989) this 

provides further support for the likelihood that two separate memory systems exist. 

Mitchell goes on to argue that showing episodic decline and semantic preservation in the 

same individual provides strong support for differential decline in aging memory as well as 

evidence for two separate memory systems. Typically, a within-subjects comparison 

involves presenting subjects with a semantic memory task first, then testing episodic 

memory by re-presenting the materials used in the first task. Mitchell reports that where 

such tests have been carried out the findings are consistent with results obtained fi’om 

between subjects comparisons: age related deficits are shown for episodic memory tasks but 

not for semantic memory measures (Mitchell, 1989).

A within-subjects design was employed by McClelland, Coulson and Icke (1990) who 

investigated the effects of semantic and episodic memory on metamemory performance (as 

assessed by calibration accuracy) in young adults. In their experiment subjects were 

presented with a general knowledge test (the semantic task), and a recognition memory test 

based on the items presented in the semantic task (the episodic memory task), both in a 

two-alternative forced choice format^ .̂ Respondents were required to indicate, using a 

half-range scale, how confident they were of having picked the right answer. Support for 

Tulving’s episodic/semantic memory distinction comes fi’om the feet that no correlation was 

found between subjects’ calibration scores on the two memory tests. In a second 

experiment, stochastic independence was demonstrated between actual performance on the

See Chapter Two for an e?q)Ianation of two-aitemative forced choice formats and half-range scales.
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two tasks, providing further support for the existence of separate semantic/episodic 

memory operations.

Salthouse (1991) examines the reasons why tasks presumed to be measures of semantic and 

episodic memory routinely show age-related differences; for example, he discusses the 

possibility that older adults have less difficulty with semantic style tasks because semantic 

information is significantly overleamed in comparison to most episodic information. He 

argues that the critical factor in this case is the amount o f learning that is involved. If the 

individual is consistently exposed to information which is normally held to be of a semantic 

nature, but in contradistinction has comparatively little exposure to so called episodic 

infonnation, then the basic act of comparing semantic and episodic memory becomes 

confounded with age and amount of experience, because age is associated with the 

acquisition of experioice and consequently greater opportunity to learn the relevant 

information. This might account for why semantic memoiy in older adults is less 

susceptible to the effects of aging, and may even explain why older adults occasionally 

perform better than younger adults on some semantic tasks. However if, as Salthouse 

suggests, semantic memory performance is a direct correlate of amount of learning, then 

younger adults should invariably perform more poorly than older adults, and not at an 

equivalent level.
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5.3: Memory, Metamemory and Fluid and Crystallized Intelligence

Amount of learning appears to be a significant element in the cognitive performance of 

older adults, regardless of whether the attribute being measured is a function of 

memory, or intelligence. With respect to memory, Rabbitt and Abson (1991) argue that 

increased knowledge may conceivably provide older individuals with a better 

understanding of how their own memories operate. Hence the knowledge gained 

equips them with a more realistic perception of the reliability of their own memories, 

making them more efficient in how they approach memory-demanding situations in 

their everyday lives.

An example of this, according to Rabbitt and Abson (1991), is the ease or difficulty 

with which older adults can remember various types of information, and their ability to 

encode and process that information eflSciently. Rabbitt and Abson suggest that the 

consequence of cumulative learning is the development of ‘metamemorial’ knowledge. 

This can be thought of as being akin to crystallized intelligence; it is also developed 

through life experience. As crystallized intelligence is relatively unaffected by aging, 

then it could accordingly be hypothesized that the older individual’s metamemory skills 

should also remain relatively intact during the aging process.

Some support for this theory was provided by Hayslip (1988) who found that older 

individuals who were more anxious about their intellectual skills had higher crystallized 

intelligence scores. Hayslip suggested that those individuals who functioned at a higher level
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may have recourse to defence mechanisms that serve to: ‘̂ insulate the older individual 

from feelings o f self-worthlessness andfailure and/or a loss o f control over external forces 

via the development o f intellectual skills'" 1988, p. 79).

Perlmutter (1978), however, suggests that the accumulation of an increasing amount of 

world knowledge or ‘crystallized intelligence’ may actually be detrimental to the older 

individual. She proposes that the consequences of having an increased body of 

knowledge is that there is a greater likelihood of interference in memory through 

information overload. Additionally, she argues that unless metacognitive knowledge 

previously acquired is updated regularly in line with the biological deterioration of 

memory, then it will no longer be pertinent and may even compound memory 

dhBcuIties.

Conversely, Bromley (1988) contends that metamemory is not a feature of crystallized 

intelligence but is more akin to fluid intelligence He argues that abilities such as the 

employment of mnemonics, rehearsal and the execution of techniques such as imagery, 

are not automatic but are reliant on cognitive mechanisms such as attention, mental 

effort and speed of processing, and that consequently - like fluid intelligence itself - 

cognitive components which utilize it might be expected to decline with age.

Contrary to Rabbit and Abson’s (1991) position that older adults should be proficient 

metacognitively, is the view that they in fact lack the ability to monitor effectively the
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availability of information in memory, and are poor at judging the relative effectiveness 

of different processes used to operate on this information. They are not good at memory 

monitoring (e.g., Lovelace & Marsh, 1985; Murphy, Sanders, Gabriesheski & Schmitt, 

1981). In order to investigate the memory monitoring ability of older adults, 

probabilistic reasoning, as measured by calibration, was chosen as being a suitable 

task to appraise this feature of metacognition.

5.4: Metamemory and Calibration

As discussed in Chapter Two an important demonstration of metacognitive knowledge 

is confidence, or realism, of judgment, which is the ability to be able to judge correctly 

when retrieval of an item from memory has been successful, and, being able to 

discriminate accurately between answers that are definitely correct and those that are 

incorrect (Zechmeister & Nyberg, 1982). Studies of realism of judgment, or 

probabilistic reasoning, typically involve subjects selecting the correct answer from two 

possible alternatives, and then assigning a rating of between 50 and 100 percent to 

reflect their confidence in that decision. The degree to which predicted probability 

matches actual probability can then be assessed, thereby providing a precise portrayal 

of an individual’s memory monitoring ability.

Kahneman & Tversky (1982) have observed that where uncertainty is involved, individuals 

are inherently poor at making rational decisions and that this typically leads to errors in 

probability judgment, or to cognitive bias, such as over  ̂ or underconfidence. Ferrell &
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McGoey (1980) like Kahneman & Tversky, also believe that judgmental errors are the 

result of biases in the cognitive system. Gigerenzer, Hofifrage & Kleinbolting (1991) and 

Juslin (1993, 1994) have both produced models, however, which contend that biases lie 

outside of the cognitive system, i.e., that errors in probabilistic reasoning result from 

using tasks which are artificial or misleading. The positions of the two riv-al Schools, 

collectively termed the Optimists and the Pessimists (Jungerman, 1983), were outlined in 

Chapter Two.

The models constructed by Gigerenzer, ct al. (1991) and Juslin (1993) have been labelled b>' 

McClelland and Bolgcr (1994) the Ecological Models. The basic premise of both of the 

models is that individuals become well adapted to their natural environment through the 

formation of knowledge structures which are based on the frequency of the co-occurrence 

of events in the individuals everyday experience. ‘Cues’ taken fi%)m the environment 

become internalized and the individual uses these when making probabilistic judgments, 

which should lead to the individual being ‘well-calibrated’. After prolonged experience 

with an environment, internal cue validity will correspond to the ecological cue validity 

allowing subjects to achieve good calibration within their environm ents...(Juslin, 

1993, p. 57). Thus, in order for good calibration to be achieved, the stimulus material that 

is to be presented must be representative of a reference class defined by the individual’s 

natural environment, i.e., it must have high ecological validity, otherwise miscalibration will 

occur. In sum proponents, of the ecological model would propose that if item selection is
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unbiased with respect to a body of knowledge, then good calibration would be expected - 

whatever the level of knowledge of the individual.

5.5: Aims and Predictions

This first experiment set out to investigate older adults metacognitive ability in terms of the 

theories outlined above. Three hypotheses were formulated to reflect the alternative 

viewpoints which are labelled respectively: i) The Insight Hypothesis, ii) The Task

Dfficulty Hypotheses, and iii) The Ecological Hypotheses.

5.5.1: The Insight Hypothesis

This reflects a cognitive aging perspective as represented, for example, by Rabbit and 

Abson (1991) which suggests that older adults, because of their greater cognitive 

experience, should be realistic about their memory performance in memory demanding 

situations. Applying this to probabilistic reasoning, it would be expected that older adults 

should recognise, for example, that an episodic memory task is diflScult and should thus be 

more cautious when assigning confidence ratings. However, when presented with a 

semantic memoiy task they should feel quite confident, and may even be slightly 

overconfident. Young people will be cautious or confident depending on how difficult they 

find the tasks.
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5.5.2: The Task-Diflficulty Hypothesis

This hypothesis takes a ‘Pessimistic’ view of probabilistic reasoning (e.g., as represented by 

Ferrell & McGoey, 1980; Griffin & Tversky, 1992; Kahneman, Slovic and Tversky, 1991)). 

According to the Pessimists, individuals recognize that an item is either easier or harder then 

they anticipated, but fail to adjust response criteria appropriately. Whether or not younger 

and older adults exhibit under or overconfidence, therefore, will be in direct relation to how 

easy or difficult they find the tasks.

5.5.3: The Ecological Hypothesis

The final hypothesis is based on the view that it is the ecological validity of the stimulus 

material that influences probabilistic reasoning ability (as maintained by proponents of the 

Ecological School; e.g., Gigerenzer, Hofifrage & Kleinbolting, 1991; Juslin, 1993, 1994). 

Thus it would be proposed that no difference in calibration performance between young and 

old should be observed (even though actual performance levels may differ), as long as the 

sampling procedure is the same for both groups.

5.6: The Hypotheses and The Episodic/Semantic Distinction

Each one of the three hypotheses was examined using both an episodic and a semantic 

memory task. This was done in order to deteimine how using tasks that the old will find 

either harder (episodic) or possibly easier (semantic) than the young, will influence their 

ability to make accurate metacognitive judgments. A formal statement of the hypotheses, 

keeping in mind the episodic/semantic distinction, is as follows:
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5.6.1: The Episodic Task 

5.6.1.1: The Insight Hypothesis

Older adults because of their greater insight will ‘know’ that their memories are poor, 

and will accordingly, give lower confidence ratings than the young; this will lead to 

more ‘realism’ when making probability judgments. This may result in the older adults 

demonstrating good calibration or even underconfidence.

5.6.1.2: The Task-Difficulty Hypothesis

As older adults will find an episodic memory task harder than a young group their 

performance will be worse. They will thus exhibit greater overconfidence than the 

young and a classic hard-easy effect will be demonstrated.

5.6.1.3: The Ecological Hypothesis

As the same sampling procedure is used for both groups, exactly the same material is 

presented to both young and old, thus there should be no evidence of a hard-easy 

effect. If any miscalibration is observed it should be to the same degree for both 

groups, despite potential differences in overall performance levels.

5.6.2: The Semantic Task 

5.6.2.1: The Insight Hypothesis

As equivalent performance levels would be expected, calibration performance for both 

groups is likely to be similar.
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5,6.2.2: The Task Difficulty Hypothesis

Both old and young adults will demonstrate over or underconfidence in relation to how 

easy or hard they find the task. If however performance levels between the two groups 

are equivalent then no difference in cahbration performance would be predicted.

S.6.2.3: The Ecological Hypothesis

As the stimulus material is identical for both young and old it is likely to have equal 

ecological vahdity for both groups. Thus no difference in calibration performance 

would be expected.

5.7 Method 

5.7.1: Subjects

All subjects were drawn from the subject pool that was described in Chapter Four, 

Section 4.4.

Fifteen older adults participated in this experiment with an age range of 61 - 84 years 

(mean age 76.00, SD 7.25); there were 10 females and 5 males. The 15 young adults 

were 7 females and 8 males who had an age range of 18 - 35 years with a mean age of 

23.60, (SD 4.55). The older group had completed a minimum number of 9 years of 

education and a maximum of 18 (mean - 11.87; SD 3.09). The young group had spent 

a minimum number of 11 years education and a maximum of 19 (mean 15.47, SD 

3 .09). All subjects had English as their first language.
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5.7.2: Materials

Six tests were administered in all: A Synonym test (The Semantic task); an Episodic 

Memory test (The Episodic task); The Mill Hill Vocabulary test; The AH4 IQ test, 

parts I & 2; The Beck Depression Inventory (BDI); and the Broadbent Cognitive 

Failure Questionnaire (CFQ). All materials were selected on the basis that: a) they had 

instructions which were easy to explain, and b) took a relatively short amount of time 

to complete. This was done in order to ensure that the subjects, in particular the older 

group, clearly understood what to do before attempting a set of tasks of a nature they 

maybe unfamiliar with^ ;̂ and because older adults are more susceptible to fatigue than 

younger adults*"̂ .

5.7.2.1: Semantic And Episodic Tasks

The Semantic task took the form of a 50 item, two-alternative forced choice (2AFC) 

synonym test, and the Episodic task (given one week later) a 2AFC recognition task 

probing memory for the words presented in the Semantic task. The Semantic task 

comprised 50 words, 34 of which were taken from Form 1 - Part B of the Mill Hill

Salthouse (1991) writes that even when older people attempt tasks that are rated as being 
ecologically valid, younger adults still tend to have a higher level of performance, suggesting that lack 
of task familiarity is not a major contribution to age-differences in performance. Older adults have 
been found to perform best on tasks that they are most familiar with (e.g., Howell, 1972, Poon & 
Fozard, 1978) but Salthouse argues that it is not the femiliarity of the materials which is important but 
the frequency of the processes required by the tasks. Thus, although younger adults may be more 
familiar with engaging cognitive processes that are tested by the AH4, older adults are likely to be at 
an advantage with tests such as the Mill Hill and the Semantic task because they measure crystallized 
intelligence abilities which are very much a function of age.

’ Although fatigue has not been demonstrated to adversely effect older participants’ cognitive 
performance (See Salthouse, 1991), it was felt that older adults would not perform at their best if they 
were required to concentrate for an overly long period of time.

_ _



EPISODIC AND SEMANTIC MEMORY AND CALIBRATION

Vocabulary Scale and the remainder from the Chambers English Dictionary 

(Kirkpatrick, 1983). The words selected from the dictionary were judged by myself and 

two other persons to be equivalent to those used in the Mill Hill Vocabulary Scale, i.e: 

they were of similar ease/difficulty, had similar word length, and were matched in terms 

of number of syllables

Beneath each of the target words - which were printed in capital letters - were a further 

two words; the ‘correct answer’ (i.e., the synonym for the target word) and a 

distractor, both typed in lower case. For example, the target ‘GLOWER’ was 

presented with the alternatives ‘shine’ and ‘scowl’. The participants were required to 

choose which of the two words was the synonym for the target word and, having 

decided that, to assign a confidence rating of 50% 60% 70% 80% 90% or 100% to 

indicate how confident they were that they had picked the right answer. It was 

explained to the participants that choosing 100% would indicate they were absolutely 

certain that they had picked the right answer and that selecting 50% would be an 

indication that they were simply guessing. They were requested to attempt all 

questions.

The Episodic task was composed of the 50 original target words from the Semantic 

task, each of which was paired with a distractor word not previously seen by the 

participant in connection with the task. The participants were required to choose

A statistical comparison between the Semantic task and the Mill Hill resulted in a correlation of .76 
for both the old group and the young group in this first experiment
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which of the two words they felt was the target word that had been presented with the 

previous week and then to assign a rating from 50 to 100 percent to reflect their 

confidence in their answer. They were again reminded of the relevance of the 

percentage ratings.

The stimulus materials are presented in Appendix I.

5.7,2.2: The Mill Hill and AH4 Tests

The Mill Hill Vocabulary test (Raven, Court & Raven, 1982), Form 1: Part A (a 

multiple choice recognition test) was administered to gauge crystallized intelligence, 

and the AH4 test. Parts 1 and 2 (Heim, Watts, & Simmonds, 1970) as a measure of fluid 

intelligence. The Mill Hill is comprised of 34 sets of words; one word is printed in bold 

type and is presented alongside a group of six words, one of which is a synonym for 

the word in bold. The task is to underline the word which means the same as the word 

in heavy type; the first item is completed as an example. The words are presented in 

ascending order of difficulty with words at the beginning of the list being the most 

familiar (e.g., provide) and words at the end being the least (e.g., minatory).

The AH4 is divided into two parts: Part 1 consists of 65 questions which have a verbal 

or numerical bias (e.g., verbal opposites, simple arithmetic, synonyms); Part 2 consists 

of 65 questions which have a diagrammatic bias (e.g., analogies, subtractions, object 

series, superimposition’s). Each part of the test is preceded by a set of examples
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covering each of the principles being tested. The questions are in multiple-choice 

format with five possible answers for each question.

The AH4 and Mill Hill tests were chosen to be suitable for use with older adults both 

because of ease of administration (they are both pencil and paper tests), and also the 

relative quickness with which they can be completed - the AH4 taking 20mins (not 

including the worked examples) and the Mill Hill taking between 5 and 15 minutes, 

depending on the individual.

5.T.2.3: The Beck Depression Inventory (BDI) and the Cognitive Failures 

Questionnaire (CFQ)

The BDI (Beck, Rush, Shaw, & Emery, 1979) is a 21 item instrument for assessing 

both depression in psychiatric patients and possible depression in normal populations 

and has a total administration time of between 5 and 10 minutes. As noted in Chapter 

One, a factor to bear in mind when considering older individuals metacognitive abilities is 

that there is often a correlation between the subjects level of confidence and their self-image 

(see below).

The CFQ (Broadbent, Cooper, Fitzgerald & Parkes, 1982) is a 25 item questionnaire 

which asks the individual to rate on a 5-point scale, ranging from never to very often, 

the fi'equencies of various cognitive failures in everyday life (e.g., forgetting people’s 

names). This was administered in order to provide a measure of the participants’
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subjective knowledge of their cognitive efficiency in everyday life. It could also be 

considered to be metacognitive in character as it demands insight into prior cognitive 

performance.

Rabbitt and Abson (1991) propose that comparing the self-assessment scores of 

younger and older adults on questionnaires such as the BDI and the CFQ, is a 

promising way of gauging the effects of age on an individuals level of optimism (i.e., 

self-efficacy/self-regard) about their cognitive performance. Age-differences in people’s 

answers to these questionnaires may be a reflection of changes in general levels of 

confidence and their attitudes towards themselves rather than actual changes in 

objective abilities. Following Rabbitt and Abson’s (1990) suggestion that a record of 

depression/self esteem should always be taken when investigating metacognitive ability, 

aU participants were required to complete the CFQ and the BDI.

5.7.3: Design and Procedure

The Older Group - week one: On arrival at the subject’s home some time was spent 

in relaxing and reassuring the older individual by engaging them in friendly 

conversation and explaining the nature of the research once again. Details of their age, 

and the amount of time spent in education were also taken at this point. When the 

subject felt that they were ready they were requested to make themselves comfortable 

at a table and to ensure that they had their reading glasses if needed and a drink of 

water if they wished. The first test was then administered to them, the experimenter
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going through the task, guiding the respondent in the completion of examples, and 

ensuring that they understood what they were required to do.

When they had completed the first task, they were then presented with the second task 

and the same procedure was repeated again. With the exception of the AH4, which is a 

timed test, the subjects were told that they should complete the task at their own pace 

but that they should not spend too long on answering any one particular item. Three 

tests were administered in random order to the subjects on the first visit: the Semantic 

task, the AH4, and the CFQ. When all the tasks had been completed a further few 

minutes was spent conversing with the subject and an appointment was arranged for 

the same day the following week - if possible for the same time. The whole visit lasted 

on average one hour.

The Older Group - week two: The second visit was carried out in a similar manner to 

the first with each task being clearly explained to the individual before they attempted 

to complete it. On this occasion subject’s were given the Episodic task first, then they 

were presented with the BDI and the NCll Hill in random order. On completion of all 

the tasks the individuals were thanked, de-briefed, and paid £5.00 for their 

participation. This visit lasted on average 45 minutes.

The Younger Group: A similar procedure was employed with the young subjects but 

with less time spent in conversation and explanation unless the participant specifically
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Stated that he or she was unsure of the procedure. When they had completed the first 

three tests, an appointment was made for the same day the following week. The whole 

procedure took approximately 45 minutes to complete, with the second session taking 

approximately 35 minutes.

5.8: Results and Discussion

The results obtained from the two calibration tasks are examined with respect to each of the 

three hypotheses in turn. The mean scores observed for the two groups on the Episodic 

calibration task are presented in Table 5.1 and 5.2 (and graphically in Figure 5.1 and for 

the Semantic calibration task in Table 5.3 and 5.4 (and graphically in Figure 5.2)

5.8.1: Metacognition and Calibration - The Episodic Task 

5.8.1.1: The Task-Difficulty Hypothesis

The Episodic Memory task produced contrasting results for the two groups, with 

significant overconfidence (13.40%) being demonstrated by the older group (t (14) = 3.26, 

p<01) who found the task hard (mean hit-rate 65.60%), whilst considerable 

wwûferconfidence (-9.51%) was displayed by the young group (t (14) = 4.07, p< 01) who 

found the task easy (mean hit-rate 86.13%). These results are entirely in line with what

Response ftequency curves provide information regarding the distribution of confidence ratings 
made by subjects and aid interpretation of the calibration curves. Some points on the calibration curve 
will be more ‘reliable’ than others because of the difierences in frequency of response across the rating 
scale.
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Table 5.1; Mean hit-rate and mean confidence for both groups of subjects in the 

Episodic task. The last row indicates whether or not there was a significant difference 

in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 86.13 7.61 76.63 10.15

Old 65.60 11.20 79.04 10.43

Sig. P<.001 NS

Table 5.2: Mean calibration index scores for young and old subjects and the degree to 

which they were over or underconfident. The last row indicates whether or not there 

was a significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0346 .01260 -9.51 9.05

Old .0648 .0540 13.40 16.00

Sig. NS p<.001
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Figure 5.1: Calibration curves (upper panel) and response frequency curves (lower

panel) for the old and young subjects in the Episodic Memory task (Experiment I).
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proponents of the Pessimist School would predict. The supposition is that overconfidence 

increases with task-difficulty, but a reversal of this is generally seen when 80% or more of 

the questions are answered correctly, in which case underconfidence is typically 

demonstrated. As an episodic memory task would be expected to be considerably harder 

for an older person than a younger person, a calibration curve showing overconfidence 

would be expected. Conversely, a young group should find an episodic memory task 

relatively easy and hence should exhibit z/m^rconfidence. Both of these effects appeared in 

this experiment, the over/under confidence scores of the two groups differed significantly (t 

(28) = 4.84, p<.001) and a classic hard-easy effect was demonstrated, therefore supporting 

the Task-difBculty hypothesis (see Figure 5.1). The failure to find a significant difference 

between the calibration scores may at first sight appear surprising. However, it should be 

remembered that this index is not sensitive to the direction of miscalibration; both groups 

are poorly calibrated - but as a result of bias in opposite directions.

It is interesting to observe that although the hit-rates of the two groups on this task were 

significantly different [86.13% for the young vs. 65.60% for the old; t (28) = 5.87, p<.001] 

there was no significant difference in their mean confidence scores, both groups maintaining 

very similar mean confidence levels (young, 76.63%; old, 79.04%). This strongly suggests 

insensitivity to task-difSculty, and is further support for a Pessimistic view of probabilistic 

reasoning.
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5.8.1.2: The Ecological and the Insight Hypothesis

According to the Ecological Model (e.g., Gigerenzer et al. 1991; Juslin, 1993, 1994) there 

should have been no difference between the young and old in calibration performance as the 

stimulus materials were generated in exactly the same way for both groups, and thus a hard- 

easy effect would not be expected. The results did not, therefore, support the Ecological 

hypothesis. The fact that the Task-diflBculty hypothesis was supported also means that the 

Insight hypotheses has to be rejected. The old did not appear to show any evidence of 

realism in their probability Judgments and were, in fact, more overconfident of their ability 

than the young.

5.8.2; Metacognition and Calibration - The Semantic Task 

5.8.2.1: The Task-Difficulty Hypothesis

According to the Task-difBculty hypothesis the high scores attained by the two groups (hit- 

rate 89.33% for the old, 86.40% for the young) should have resulted in wwcferconfidence 

being shown by both young and old subjects, as it is above the 80% level of performance 

that underconfidence is usually observed (see McClelland & Bolger, 1994). However (as 

can be seen fi'om Table 5.4), both groups were in fact remarkably well calibrated, the old 

showing a slight tendency to be overconfident (1.39%) while the young showed a slight 

inclination towards underconfidence (-0.05%). Whilst it is unusual for good calibration to 

be observed with such high levels of performance, the results provide some support for the 

Task-difBculty hypothesis as the higher hit-rate is associated with less overconfidence.
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Table 5.3: Mean hit-rate and mean confidence for both groups of subjects in the 

Semantic task. The last row indicates whether or not there was a significant difference 

in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 86,40 5.91 86.35 6.63

Old 89.33 8.30 90.72 6.77

Sig. NS NS

Table 5.4: Mean calibration scores for the two groups and the degree to which they 

were over- or underconfident. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0186 .0136 -0.05 4.66

Old .0159 .0130 1.39 5.00

Sig. NS NS
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Figure 5.2: Calibration curves (upper panel) and response frequency curves (lower

panel) for the old and young subjects In the Semantic Memory task (Experiment I)
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S.8.2.2: The Ecological and the Insight Hypothesis

The feet that the older subjects did appear to show reasonable insight into their semantic 

knowledge and demonstrated good calibration provides some support for both the Insight 

and the Ecological hypotheses. The young, in turn, were also realistic about their 

performance and demonstrated excellent calibration on the semantic task (see Figure 5.2). 

Further support for the two hypotheses comes from the observation that there was no 

significant difference in either the performance levels of the two groups (i.e., hit-rate and 

calibration) or in the mean confidence, or over/under confidence scores (see Table 5.3).

5.S.2.3: The Episodic/Semantic Distinction

As would be predicted, on the basis of the results from McClelland, Coulson and Icke 

(1990), calibration performance on the Episodic Task and calibration performance on the 

Semantic Task was not related for the older group. Nor was there any correlation between 

raw test scores for the two tasks. For the young group, episodic and semantic calibration 

performance was also found to be independent, showing support for Tulving’s (1972) 

episodic/semantic memory distinction, and also confirming the results of McClelland, 

Coulson and Icke’s (1990) experiment which demonstrated that there was no relationship 

between subjects’ calibration scores on the two tasks.

5.8.3: Correlational Results

Data for the two groups were pooled separately for analyâs. Matrices of Pearson’s product 

moment correlation between subject’s scores on all tasks, as well as their ages, are 

presented in Tables 5.5 and 5.6.
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Table 5.5. The correlations observed in the Older Group between the Semantic and 

Episodic task calibration index scores (SEM- Cl and EP-CI), AH4, Mill Hill, Semantic 

(SEM) and Episodic (EP) memory test scores. Beck Depression Inventory ratings 

(BDI), and Age.

SEM-CI EP-CI SEM EP AH4 M E BDI CFO

EP-CI .034
SEM .011 -.016
EP -.012 -.649^^ .340
AH4 -.142 -.654"'^ .557
ME -.011 -.281 .759 .688"'" .759''""
BDI -.232 .320 .484 .098 .129 .569*"
CFQ .132 .110 -.499 -.094 -.382 -.473 -.231
AGE .459 .230 -.235 -.398 -.452 -.123 .136 .058
YOE -.018 -.293 .591 .140 .532 .609 .283 -.432

AGE
YOE .172

Table 5.6. The correlations observed in the Younger Group between the Semantic and 

Episodic task calibration index scores (SEM- Cl and EP-CI), AH4, Mill Hill, Semantic 

(SEM) and Episodic (EP) memory test scores. Beck Depression Inventory ratings 

(BDI), and Age.

SEM-CI EP-CI SEM EP AE4 M E BDI CFQ

EP-CI -.140
SEM .249 -.039
EP .105 .339 .450
AE4 -.069 -.419 .285 .126
ME -.141 -.018 .7 6 ^ " .606"*"̂  .240
BDI -.152 -.200 -.279 -.346 -.203 -.299
CFQ -.364 .095 -.156 -.150 -.130 -.234 .542
AGE -.276 -.177 .852’̂**̂ .392 .084 .785*"""-.130 -.028
YOE -.230 -.136 .493 .583 .410 .594 -.433 .057

AGE
YOE .492
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5.83.1: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Older Group

No evidence of any relationship was found between individuals’ crystallized intelligence and 

their metacognitive ability, as indexed by the correlation between the Mill Hill scores and 

the Calibration Index scores, for either the episodic or the semantic memory tasks (EP-CI 

and SEM-CI). However, a strong negative correlation was found between AH4 scores (a 

measure of fluid ability) and the episodic calibration task (E P -C I)(r = -.65, p<01) 

suggesting that fluid intelligence may plays an important role in the individuals ability to 

make pertinent metacognitive decisions, especially when the task is particularly demanding, 

as would be the case for old people attempting to make judgments about episodic memory 

material. The role that fluid intelligence plays for the old group can also be seen when it is 

observed that actual performance on the Episodic Memory test and AH4 scores was 

strongly correlated (r = .78, p<.001), as were the scores of the Mill Hill and the actual 

scores on the episodic task (r = .68, p<01). Individuals who scored highly on the episodic 

memory task, also showed superior performance on the Episodic calibration task (r = .65, 

p<.01). A strong positive relationship was also found between fluid and crystallized 

intelligence (r = .76, p<.001) confirming the assumption that these two abilities are not 

independent of one another. This supports the notion that fluid intelligence enables 

crystallized knowledge to be assimilated, and thus the greater the fluid ability the greater the 

crystallized intelligence of the individual (see Chapter Three). Although AH4 scores did not 

decline significantly with age, within the old group (age range 61- 84), a tendency towards 

lower scores with increasing age was noted.

The closer to 0 the calibration score, the better the calibration.
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5.83.2: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Young Group

Neither crystallized nor fluid intelligence appeared to play any role in this groups ability to 

make metacognitive judgments. Indeed metacognitive performance - as measured by 

calibration index scores - did not correlate with any other factor. As with the old group, a 

strong positive relationship was found between scores on the Mill Hill and scores on the 

AH4 (r = .76, p<001). Age also correlated significantly with scores on the Mill Hill test, 

and also the semantic memory task (r = .78, p<.001 and r =.85, p<.001 respectively). This 

would be anticipated as crystallized knowledge is a concomitant of age and experience, and 

as this group were in the age range of 18 to 35 years, some evidence of the accumulation of 

crystallized learning would be expected amongst the older subjects in the group.

5.S.3.3: BDI and CFQ Scores - Both Groups

There was no indication fi"om the BDI scores that the older group had lower self-esteem 

than the young group. The différence between the means for old and young was very small 

(8.47 and 6.00 respectively) and both were well within the ‘normal’ range (0 - 10). The 

CFQ did not appear to correlate with any of the scores except within the young group 

where CFQ and BDI scores were agnificantly correlated (r=.54, p< .05). Interestingly, the 

younger group rated themselves as having more cognitive lapses than the older group 

(43.00 vs. 38.20, respectively). Rabbitt and Abson (1990) also reported high self-ratings on 

the CFQ fi-om a younger group compared with an older group - although their younger 

group were in their 50’s. They interpreted this result as being a reflection of the life-style of
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a 50 year old who, compared to a retired person in their 60’s or 70’s, is likely to face 

demands that make cognitive lapses both more inevitable and memorable. But, while this 

might account for their findings, it does not explain the higher score observed in the present 

experiment for the young group. The anomaly in the two sets of scores highlights the 

problem, discussed in Chapter One, of employing self-report questionnaires to probe 

different kinds of memory functioning. Although metamemory questionnaires are 

supposed to be recording incidents of memory lapses, what they may really be 

measuring are memory self-efficacy beliefs; the ratings of occurrence of forgetting 

provided by individuals may not necessarily be based upon the actual frequency of 

incidents of forgetting - but rather on the beliefs they have about themselves. The older 

group may also have reported less memory lapses because they ‘forget that they 

forget’.

5.9: Conclusions

The aim of this first experiment was to examine the effects of task-difficulty, not by 

manipulating the stimulus materials (which were the same for both groups) but by 

anticipating differences in task performance as a function of age. Support was found 

for the Task-difficulty hypothesis as far as the Episodic Memory task was concerned in 

that a classic hard-easy effect was displayed. This meant that the Insight hypothesis 

could not be supported. Indeed the old showed no sign that they found the task hard, 

as evidenced by their maintenance of an average mean confidence rating of 79.04%. 

The demonstration of a hard-easy effect meant that the Ecological hypotheses had also
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to be rejected. According to proponents of the Ecological School, the bias lies in the 

stimulus material and not the individual. Thus, as the material was exactly the same for 

both the groups any miscalibration that occurred should have been in the same 

direction and should not have varied because of differences in age. To the author^ 

knowledge, this is the first time a hard-easy effect has been demonstrated by an a priori 

manipulation of difiSculty (via the age of the participants) rather than post hoc by 

comparing performance on subsets of items (i.e., hard and easy) formed on the basis of 

observed hit-rate.

Some support for the Ecological School, however, was found in the semantic 

condition. Both young and old subjects chose mean confidence ratings that 

corresponded closely to their hit-rates. The fact that the old demonstrated considerable 

insight into their metacognitive ability on this task, meant that the Insight hypothesis 

gained some support.

The results of this experiment are somewhat ambiguous. The fact that one task (the 

episodic) elicited significant miscalibration by both groups while the other (the 

semantic) evoked good calibration by young and old, is difficult to explain. Changes in 

task-difiBculty can explain the difference in performance across the old group, but this 

is not the case where the young are concerned, as they had an almost identical hit-rate 

across the two conditions (86.13% on the episodic memory task and 86.40% on the 

semantic memory task). It was therefore decided to attempt a replication of the above
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experiment, but with a larger sample size, and some adjustments to the materials. 

Experiment 2, is presented and discussed in the next chapter (Chapter Six).
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Chapter Six

METACOGNITION AND CALIBRATION: WHAT ARE THE 

IMPORTANT FACTORS?

EXPERIMENT 2 

6.1: Introduction

In Chapter One I suggested that, for a number of reasons, it was important for older adults 

to have good insight into their own memory functioning. I also contended that the self- 

report questionnaires traditionally used for assessing metacognitive ability were 

methodologically unsound and that a new approach was warranted. In Chapter Two, I 

outlined the research literature concerned with probabilistic reasoning and suggested that 

the calibration of subjective probabilities would be a suitable alternative technique with 

which to assess metacognitive functioning in older individuals. The fact that people are 

generally poor at making probability judgments and have a tendency to be miscalibrated 

was also examined, and explanations for miscalibration - offered by two rival School’s - 

were discussed.

Three hypotheses were formulated in order to encompass predictions based on; i) a 

traditional view of cognitive aging, for example, the relationship between fluid and 

crystallized intelligence and metamemory (e.g., Rabbitt & Abson, 1991); ii) a model of 

calibration which represents the Pessimist School of thought (e.g., Ferrell & McGoey
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1980; Griffin & Tversky, 1992; Kahneman & Tversky, 1982); and iii) a model of 

calibration representing the Ecological School (e.g., Gigerenzer, Hofifage & 

Kleinbolting, 1991; Juslin, 1993, 1994).

The main findings resulting fi’om Experiment 1 were that in one of the two conditions (the 

Episodic task) a classic hard-easy effect was demonstrated. This result provided support for 

prediction number two - the Task-difficulty hypothesis, and, a ‘Pessimistic’ view of 

probabilistic reasoning: the old group found the task hard and displayed overconfidence, the 

young group found it relatively easy and exhibited underconfidence. The fact that the task- 

difficulty hypothesis was supported meant that predictions one and three - the Insight and 

the Ecological hypotheses - had to be rejected. However, according to the Task-difficulty 

hypothesis, the subjects in the Semantic condition should have produced underconfidence 

as both groups had a hit-rate of over 80% - the point at which, McClelland & Bolger 

(1994) note, underconfidence normally occurs. The fact that both groups of subjects 

were actually well calibrated on the Semantic task, conversely, provides some support for 

both the Insight and The Ecological hypotheses. In the first case, both groups showed 

good metacognitive judgment by using the confidence-rating scale appropriately and 

realistically in line with their semantic knowledge. In the second, the Ecological model 

predicts that good calibration will occur so long as the stimulus material is representative of 

a reference class that is equally femiliar to both groups of subjects - and this was likely to be 

the case in the Semantic condition.
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Concerned by the somewhat paradoxical findings in Experiment 1 ,1 decided to attempt a 

replication of the first experiment, employing similar materials, in order to see if the same 

results could be obtained. However two changes were made: i) a much larger sample size 

was used (59 subjects as opposed to 30), and ii) the number of items in the Semantic and 

Episodic tasks was increased fi’om 50 to 70. These modifications were designed to provide 

a more accurate picture of calibration performance and the relationship between 

metamemory ability and other measures.

6.2: Aims and Predictions

The hypotheses for this experiment are the same as in Experiment 1: i) The Insight

Hypothesis represents a cognitive aging perspective of metamemory which argues (based 

on Rabbitt and Abson, 1991) that the age-related acquisition o f‘crystallized’ abilities means 

older adults have good insight into their own memory eflScacy and will make more 

appropriate use of a confidence rating scale in memory demanding situations. Hence, they 

will either exhibit realism of confidence (i.e., good calibration) or may tend towards 

underconfidence if they find the task diflScult; ii) The Task-DifiSculty Hypothesis 

characterizes the approach adopted by the Pessimist School (e.g., Kahneman & Tversky, 

1982; Ferrell & McGoey, 1980) exponents of which maintain that cognitive bias (i.e., 

the tendency to be miscalibrated) lies within the individual. Therefore, young and old 

alike, will demonstrate over or under confidence in direct relation to how easy or hard 

they find the task; and iii) The Ecological Hypothesis represents proponents of the 

Ecological Model (e.g., Gigerenzer, Hoflfrage & Kleinbolting, 1991; Juslin, 1993) who
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argue that miscalibration, in the main, is the result of the nature of the stimulus 

materials commonly used in calibration tasks; they argue that as long as the task items 

are from a reference class equally familiar to both groups of subjects, equivalent 

calibration performance will result.

As before each of the three hypotheses were examined in the light of an episodic/semantic 

distinction; the results from Experiment 1, where the nature of the two tasks had a direct 

impact on the calibration performance of the two groups, makes this demarcation even 

more pertinent.

6.2.1: The Episodic Task 

6.2.1.1: The Insight Hypotheses

Older adults will recognize situations where their memories are good, or poor, and will 

either be confident, or prudent, when making probability judgments. This will result in 

them exhibiting either good calibration or underconfidence. Younger adults will adjust 

their responses accordingly depending on how easy or hard they find the task, in line 

with previous findings for younger adults (see Lichtenstein, Fischofif & Phillips, 1982 

for a review).

6.2.1.2: The Task Difficulty Hypothesis

Older adults will find an episodic memory task harder than younger adults. Their 

performance will therefore be worse which will result in over-confidence. The young
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will find this task easier than the older group and will exhibit better calibration, or 

possibly underconfidence. The combined results of the two groups will produce a 

classic hard-easy effect.

6.2.1.3: The Ecological Hypotheses

As the same sampling procedure is used for both groups (i.e., exactly the same material 

is presented fi’om a familiar reference class), any miscalibration that is observed should 

be to the same degree for both groups, although performance levels may differ.

6.2.2: The Semantic Task 

6.2.2.1: The Insight Hypothesis

The older group will make appropriate metacognitive judgments based on their 

memory efficacy which will be reflected in their confidence ratings. The young will 

adopt a similar approach. Both should, therefore, produce good calibration.

6.2.2.2: The Task Difficulty Hypothesis

The older group will find this task relatively easy and will therefore exhibit good 

calibration or underconfidence. The young will display over or underconfidence in 

accordance with how easy or hard they find the task.
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6 2.2.3: The Ecological Hypothesis

As the stimulus material is likely to have the same equal ecological validity for both 

groups then no difference in calibration performance is to be expected.

6.3: Method 

6.3.1: Subjects

The subjects were drawn from the same population as that reported in Experiment 1. All 

the older subjects were recruited with the help of Haringey Area Health Authority. Each 

individual was judged by their housing-scheme warden to be suitable for participation in 

terms of their general health, i.e., that they were fit and well, had no history of serious 

illness, and had good eyesight and hearing. All young subjects were either undergraduates 

or post-graduates from University College London (UCL), or friends and relatives. There 

were 35 subjects in the old group and 24 in the young. The age range of the old group was 

65 - 85 (mean age 76.74, SD 5.28), and there were 21 females and 14 males. The 24 

young subjects were aged between 18 and 31 (mean age 22.54, SD 3.85) and there were 12 

females and 12 males.

6.3.2: Materials

As this experiment was a partial replication of Experiment 1, four of the tests administered 

to the subjects were the same (the Semantic Task, the Episodic Task, the AH4, and the 

Beck Depression Inventory) although the length of the Semantic and Episodic tests was
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increased. There were two exceptions: Broadbent’s Cognitive Failures Questionnaire was 

not included as in the first experiment it had only correlated with one other set of scores 

(young BDI) and did not appear to have any bearing on the hypotheses. The Mill MU test 

was also omitted because the increase in the number of test items in the Semantic and 

Episodic conditions meant that the overall time needed to complete the tests would be 

longer, and as task completion time was already one hour, it was felt that increasing it might 

have a detrimental effect on the older groups’ performance (see footnote 5, Chapter Five). 

Additionally, given the correlation observed between the Mill Hill and the Semantic 

Memory task in Experiment 1 (see footnote 4), it was felt that the Semantic Memory task 

could be used as a satisfactory substitution for the Mill Hill, the total test score providing an 

adequate indication of crystallized knowledge.

The relevant stimulus materials can be found in Appendix II.

6.3.2.1: Semantic and Episodic Tasks

The Semantic task consisted of 70 items and was presented as a 2AFC synonym test. 

The Episodic task, administered one-week later, was also in a 2AFC format and 

consisted of a 70 item recognition test probing memory for the words presented in the 

Semantic task the previous week. Both tasks used a half-range probability scale 

ranging from 50 to 100%. The Semantic task was made-up of 70 words: the same 50 

words from the Semantic task used in Experiment 1, and 20 words taken from the 

Chambers English Dictionary (Kirkpatrick, 1983). As before, the words selected from
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the dictionary were judged by myself and two other independent observers to be of a 

similar nature to those used in the Mill Hill test, that is they were of comparable 

ease/difficulty, had similar word length, and were matched in terms of number of 

syllables.

As before in the Semantic condition, subjects were required to choose which of two 

words printed beneath a target word (in capital letters) was the ‘correct answer’ (i.e., 

between the synonym for the target word and a distractor, both typed in lower case). 

Having selected their answer, the subjects then had to assign a confidence rating of 50, 

60, 70, 80, 90, or 100 percent to indicate their confidence in their choice. It was 

explained to the participants that choosing 100% would indicate they were absolutely 

certain that they had picked the right answer and that selecting 50% would be an 

indication that they were merely guessing. They were requested to attempt all 

questions.

The Episodic task was made up of 70 item pairs: the 70 target words fi’om the previous 

weeks synonym test plus a distractor word not previously seen by the participant in 

connection with the task. The subjects were required to choose which word in each 

pair was the target word they had seen the previous week, and then assign a confidence 

rating fi-om 50 to 100 percent. Subjects were reminded of the relevance of the 

percentage scale.
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6.3.3: Design and Procedure

Week One

The procedure described in Chapter Five for Experiment 1 was also employed for this 

experiment. All older subjects were tested individually in their own homes at a pre

arranged time and date. The initial few minutes of the meeting were spent in light 

conversation with the intention of putting the subjects at their ease; the instructions for 

completing the tasks were then carefully explained to them. All young subjects were tested 

individually in private cubicles in the Department of Psychology, University College 

London; full directions on task completion were also given. The tests - the Semantic task, 

the AH4 and the BDI, were allocated to subjects in a random order. With the exception of 

the AH4 (a timed test) subjects were encouraged to complete the tasks at their own pace, 

but not to spend too long on any particular item. The entire visit took approximately one 

hour for the older group and slightly less for the young. At the end of each session the 

subjects were thanked for the their help and asked if they would be happy to meet again 

briefly the following week. All subjects agreed and appointments were made for the same 

day the following week and, where possible, the same time.

Week Two

A similar procedure was adopted for week two. Both groups of subjects were reminded 

how to complete the tasks and encouraged to answer at thdr own pace. The procedure 

took approximately 45 minutes for the old group and 30 minutes for the young. The

- 141 -



METACOGNITON AND CALIBRA TION: WHA TARE THE IMPORTANT FACTORS?

subjects were then thanked for their participation and the nature of the experiment was 

explained to those who were interested. They were all paid £5.00 for their participation.

6.4: Results and Discussion 

6.4.1: Metacognition and Calibration

The results obtained from the two calibration tasks were examined with respect to each of 

the three hypotheses in turn. The results for the Episodic task are presented in Table 6.1 and 

6.2, and graphically in Figure 6.1. The corresponding results for the Semantic task are 

presented in Tables 6.3, 6.4, and Figure 6.2.

6.4.1.1: The Task-Diffkulty Hypothesis

As can be seen from Table 6.1, the old and the young had significantly different mean hit- 

rates on the Episodic task; 60.72% and 77.02% respectively (t (57) = 6.91, p< 001) which 

resulted in a significant difference in calibration performance; the old were 9.54% 

overconfident, while the young were 4.33% underconfident (t (57) = 4.72, p<.001]. Thus a 

classic-hard easy effect was found providing support for the Task-difficulty hypothesis (see 

Figure 6.1). The older group were also significantly overconfident on the Semantic task 

[9.57%; t (34) = 4.52, p<001], with a mean hit-rate of 70.57. The young group, however, 

found this task harder than the old group, and had a mean hit-rate only 60.24% - which is 

significantly lower than that of the old group’s (t (57) = 3.26, p<01). They exhibited
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Table 6.1: Mean hit-rate and mean confidence for both groups of subjects in the 

Episodic task. The last row indicates whether or not there was a significant difference 

in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 77.02 8.49 70.30 10.50

Old 60.72 8.78 72.70 8.78

Sig. P<.001 NS

Table 6.2: Mean calibration index scores for young and old subjects and the degree to 

which they were over- or underconfident. The last row indicates whether or not there 

was a significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0202 .0101 -4.33 7.19

Old .0460 .0331 9.54 13.08

Sig. p<.001 p<.001
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Figure 6.1: Calibration curves (upper panel) and response frequency curves (lower

panel) for the old and young subjects in the Episodic Memory task (Experiment 2).
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Table 6.3; Mean hit-rate and mean confidence for both groups of subjects in the 

Semantic task. The last row indicates whether or not there was a significant difference 

in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 60.24 10.05 67.92 6.81

Old 70.57 13.10 80.14 9.61

Sig. P<,01 P<.001

Table 6.4: Mean calibration scores for the two groups and the degree to which they 

were over or under confident. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0346 .0282 7.68 9.93

Old .0465 .0750 9.57 12.52

Sig. NS NS
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Figure 6.2: Calibration curves (upper panel) and response frequency curves (lower

panel) for the old and young subjects in the Semantic Memory task (Experiment 2).
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significant overconfidence [7.68%; t (23) = 3.70, p<.01] a finding which is entirely in line 

with the Task-difiBculty hypothesis.

6.4.1.2: The Insight and The Ecological Hypotheses

The fact that the old were overconfident by approximately 10% in both the Episodic and 

the Semantic conditions means that no support can be given to the Insight hypotheses. For 

the Semantic condition the Insight hypothesis would have predicted that because the old are 

accomplished at tasks that require semantic knowledge (see Chapter Five) they would be 

well calibrated. There was partial support for this in that the older group achieved a mean 

hit-rate of 70.57%, however, they maintained an unrealistic mean confidence rating of 

80.14% which is significantly greater than the 67.92% observed in the young (t (57) = 5.37, 

p < 001). This optimism was maintained in the Episodic condition, despite their mean hit- 

rate dropping to 60.72%. The Insight hypothesis would have predicted that because their 

memories are not as eflScient as they used to be, the older group - when feced with a 

surprise memory test for 70 items fi'om the previous week - would recognize the difiBculty 

of this task, and be cautious in the assignment of their confidence ratings. On the contrary 

they maintained an mean confidence rating of 70.30% (not significantly dififerent fi’om the 

young groups) in the face of an mean hit-rate of 60.72%. Once again, because the results 

are consistent with the Task-diflSculty hypothesis, the Insight Hypotheses gains no support. 

The young group were either over- or undwconfident depending on the task, thus showing 

no insight into their performance. Only partial support can be provided for the Ecological 

hypothesis; in the Semantic condition, although both groups were miscalibrated in the scone
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direction, and there was no significant diflference in either their calibration index or 

overconfidence scores, the older group were more overconfident than the youi^ (9.57% vs. 

7.68%). The significant difference in the calibration performance of the two groups on the 

Episodic task, also evidenced by the significant diflference in their calibration index scores (t 

(57) = 3 .68, p <.001) however, means that the Ecological hypothesis had to be rejected (see 

Table 6.1).

6.4.3: Correlational Results

Data for the two groups were pooled separately for analysis. Matrices of Pearson’s 

product moment correlation’s between subjects’ scores on all tasks, as well as their ages, 

are presented in Table 6.5 and 6.6.

6.4.3.1: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Older Group

Scores on both the Episodic and the Semantic Memory tasks correlated significantly with 

fluid intelligence, as measured by the AH4, (r = .52, p<01, and r = .63, p<.001, 

respectively). This appears to provide some support for the hypothesis that intelligence 

plays a significant role in the execution of eflScient cognitive processing (See Chapter 

Three) and is in line with Rabbitt & Abson’s (1991) finding (with 312 older subjects) that 

scores on the AH4 were the best predictor of objective performance on four simple memory 

tests.
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Table 6.5: The correlations observed in the Older Group between the Semantic and 

Episodic task calibration index scores (SEM- Cl and EP-CI), AH4, Mill Hill, Semantic 

(SEM) and Episodic (EP) memory test scores. Beck Depression Inventory ratings 

(BDI), and Age.

SEM-CI EP-CI AH4 SEM EP BDI

EP-CI .37^

AH4 -.384"̂ -.171

SEM -.373* -.3 7 / .634"'"

EP -.207 -.273 .52r* .318

BDI .071 -.123 .014 -.022 .079

AGE .058 -.131 -.192 .258 -.188 -.099

Table 6.6: The correlations observed in the Younger Group between the Semantic and 

Episodic task calibration index scores (SEM- Cl and EP-CI), AH4, Mill Hill, Semantic 

(SEM) and Episodic (EP) memory test scores. Beck Depression Inventory ratings 

(BDI), and Age.

SEM-CI EP-CI AH4 SEM EP BDI

EP-CI -.037

AH4 -.398 .132

SEM -.638"^ .319 .524

EP -.172 -.161 .125 .112

BDI -.043 .079 -.353 .148 -.120

AGE -.320 .224 .098 .56f^ -.073 .298
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However, although there was some indication of a relationship between the older 

individuals performance on the Episodic task and their performance on the Semantic task, 

this was not significant (r =.318). It must be borne in mind though, that the underlying 

processes required for eflScient execution of these tasks is quite different for the older 

person. As noted in Chapter 5, the empirical evidence suggests that; '‘"age differences in 

semcmtic memory functioning are minimal, whereas age-related decrements in episodic 

remembering are the rule ” (Craik & Jennings, 1992, p. 96). Although the older group did 

appear to utilise fluid skills to help them complete the Semantic task this may not be 

surprising for, as Kausler (1991) observes, to benefit from experience and increase 

crystallized knowledge some input of fluid intelligence is necessary. It is almost certainly 

the case, however, that fluid intelligence is a very much more necessary attribute when it 

comes to episodic memory efficacy as decrements in episodic memory are likely to be the 

result of neurological changes to the central nervous system (see Moscovitch & Winocur, 

1992, for a full discussion of the effects of age-related neurological changes on memory). 

This difference in dependence on underlying resources may also account for the lack of a 

significant correlation between pafbrmance on the two tasks.

A number of predictions were made at the beginning of Chapter Five, regarding the 

importance of crystallized and fluid intelligence in relation to metamemory performance, 

with theorists arguing that either one or other of the two abilities is a pre-requisite for 

efficient metacognitive fimctioning (e.g., Bromley, 1988; Rabbitt & Abson, 1991). Fluid 

and crystallized intelligence scores were therefore correlated with calibration index scores.
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for both the Semantic task and the Episodic task, to see if measures of intelligence had any 

influence on calibration performance for either group.

For the older group, there was a significant negative relationship between fluid intelligence 

and the Semantic calibration index score (SEM-CI) (r = -.38, p<.05) indicating that the 

higher the score on the fluid intelligence test (the AH4) the better insight the individual had 

into how they were performing on the task̂ *. This did not appear to be the case with the 

Episodic task however, with no relationship being found between AH4 and calibration 

performance (EP-CI), thus providing only partial support for the suggestion that fluid 

intelligence plays a significant role in metamemory performance. However, taking the 

Semantic Memory task total score as a relative gauge of crystallized intelligence, and 

correlating this with calibration performance, proved to be successful. Crystallized 

intelligence correlated significantly (negatively) with calibration performance on both the 

Semantic task and the Episodic task (r = -.37, p<.05 in each case) providing support for 

Rabbitt and Abson’s (1991) hypothesis that increased crystallized knowledge gives older 

individuals a better understanding of how their memories function. There was also a 

significantly correlation between performance on the two calibration tasks (r = .38, p <.05).

6.4.3 2: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Younger Group

Whilst fluid intelligence appears to be important for episodic memory performance for the 

old, this is evidently not the case for the young - with no relationship being found between

Calibration index scores are a measure of calibration performance - the closer to zero the score, the 
better calibrated the individual is.

rUTT



METACOGNITON AND CALIBRA TION: WHA TARE THE IMPORTANT FACTORS?

AH4 scores and episodic memory performance. AH4 totals and scores on the Semantic 

task did, however, correlate significantly (r =.52, p<.02) which is in line with Kausler’s 

(1991) comment (see above). Once again there was no relationship between performance 

on the Episodic task and performance on the Semantic task.

Very similar results to those obtained for the older group regarding crystallized intelligence 

and calibration performance, were also obtained for the young. A significant negative 

relationship was shown between performance on the Semantic Memory test and decision 

making ability for the Semantic calibration task (SEM -Cl) (r = -.64, p<01). Again, this 

seems to indicate that good crystallized ability assists with good judgmental ability. This is 

surprising, as being an acquired characteristic, it is unlikely that crystallized intelligence 

should play such a significant role for a young person as it does for an older individual. 

Fluid intelligence scores however, were not found to correlate with calibration performance 

for the young group on the Semantic task (although a trend in this direction was indicated 

by the negative correlation between AH4 and SEM-CI). There was no indication of any 

relationship between fluid intelligence and calibration performance on the Episodic task. 

Finally, and unlike the old group, there was no relationship between calibration performance 

on the Semantic task and calibration performance on the Episodic task.

6.4.4: BDI Scores - Both groups

No relationship was found between overall ratings on the Beck Depression Inventory 

and assignment of confidence ratings (as measured by calibration index scores) for
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either group. Therefore, no support can be given to the idea that poor self-esteem 

should be an important consideration when examining older adults subjective estimates 

of their metacognitive ability, because feelings of low self-eflScacy may confound 

measures of cognitive competence. This is in contrast to results reported by Rabbitt 

and Abson (1991) who found that self-esteem, as measured by the Beck Depression 

Inventory, did play a significant role in how individuals predicted their performance on 

a range of memory tests.

6.5: Conclusions

The aim of this present experiment was to replicate Experiment 1, in which partial 

support was found for three separate, conflicting, predictions. Following some 

modifications to the stimulus materials and the use of a larger sample size, analysis of 

results on this occasion found in favour of only two of those predictions; the Task- 

difficulty hypothesis and the Ecological hypothesis.

The results from Experiment 2 provide support for the Task-difficulty hypothesis and

thus for proponents of the Pessimist School who contend that individuals have an

inherent disposition to miscalibrate when making subjective probability judgments. Of

the three representatives of the School (discussed in Chapter Two) these findings are 

most parsimoniously explained by Ferrell & McGoey’s (1980) Detection Modet.

According to these authors, over or under confidence is a result of subjects failing to 

apply appropriate response criteria when assigning probability ratings. For example.
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when answering questions from a task which they judge to be of intermediate difficulty 

subjects might employ a set of internal response criteria which would produce perfect 

calibration for a hit-rate of about 75%, and they fail to adjust the criteria when the task 

is harder or easier then they anticipated. This results in under or overconfidence being 

exhibited (the hard-easy effect).

Although there was clearly no support for the Insight hypothesis, it is possible that only 

partial support was found for the Ecological hypothesis because the construction of the 

stimulus materials used for the tasks was not carried out in accord with the dictum of 

the Ecological School. Both Gigerenzer et al. (1991) and Juslin (1993) stipulate that 

the items in calibration tasks should be randomly sampled in order to eliminate the 

possibility of an over-representation of difficult or misleading items. The fact that the 

tasks in this experiment were not randomly sampled may explain why the good 

calibration they would predict under such circumstances was not evident.

In light of this possibility, another experiment (Experiment 3) investigating 

metamemory and the calibration of subjective probabilities was carried out. 

Experiment 3, described and discussed in Chapter Seven, retains two of the three 

predictions outlined in Experiment’s 1 and 2 (the Task-difficulty and the Ecological 

hypotheses), but a change of stimulus material was implemented so as to meet the 

sampling criteria set by the Ecological School.
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Chapter Seven

GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE 

EFFECTS OF RANDOM ITEM SELECTION 

EXPERIMENTS 

7.1: Introduction

In Chapter Two, I examined the arguments put forward by proponents from two rival 

Schools regarding the nature of miscalibration. Despite their disagreement as to the 

cause of observed bias in calibration studies, both were in agreement that over or 

underconfidence is most likely to occur when general knowledge items representing a 

moderate to hard level of difficulty are used to assess probabilistic reasoning, with 

overconfidence increasing in relation to task-difficulty (the hard-easy effect). However, 

whilst exponents of the Pessimist School (e.g., Ferrell & McGoey, 1980; Griffin & 

Tversky, 1992; Kahneman & Tversky, 1982) locate the locus of bias in the cognitive 

system, calibration researchers who favour the Ecological approach to realism of 

confidence (e.g., Gigerenzer, Hoffiage & Kleinbolting, 1991; Juslin, 1993, 1994) 

ascribe miscalibration to the stimulus material used to assess subjective probability.

It is the latter position that is the particular concern of the present experiment. The 

thesis proposed by the Ecological School is that overconfidence and the hard-easy 

effect are a direct result of informal item selection in the creation of general knowledge

- 155-



GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE EFFECTS OF RANDOMIZATION

questionnaires. Individuals, according to the Ecological theorists, are naturally well 

calibrated to their environment as a result of the development of knowledge structures 

formed through prolonged exposure to, and interaction with, that environment. When 

making confidence judgments, if an answer cannot be obtained either directly from 

memory or through a process of inferential reasoning^^, individuals will typically resort 

to using probabilistic cues generated from their knowledge structures. Cues, which 

attain their validity in relation to entire classes of situations that may be encountered in 

the environment (for example, the area of a country may be a cue for the size of its 

population, its location, the life expectancy of the population and so on) are used not 

only to select answers, but also to assign confidence ratings. Therefore, in order for 

good calibration to occur; ^\..the reference class created by the experimenter (i.e., the 

normative reference class) must be representative o f the reference class to which the 

subjects have become adapted by their natural experience*^ (Juslin, 1994, p. 227).

However, because of the nature of the selection procedures characteristically adopted 

by researchers when formulating general knowledge questionnaires the resulting task is 

inevitably made-up of stimulus items that are non-representative of the subjects’ 

normative reference class; in other words, questionnaires are constructed which have a 

disproportionate number of difficult, or ‘misleading’, items present.

See Gigerenzer, HofErage & Kleinbolting (1991) for a full discussion of inferential reasoning 
processes prior to decision making.
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Juslin (1993) proposes that two-factors lead to the over-representation of misleading 

items in typical general knowledge questionnaires. Firstly, the purpose of general 

knowledge questionnaires is typically to make a distinction between more and less 

knowledgeable subjects, and this leads to the inclusion of ‘difficult items’ i.e., items 

which have artificially low cue validities. Secondly, questions that are unusual or 

unexpected - and thus more salient - have a greater likelihood of being chosen by the 

experimenter for inclusion. Both of these factors result in items for which the cues lead 

to the wrong answer being over-represented at the expense of those items for which 

the cues lead to the right answer. Therefore knowledge that is valid and useful in the 

subjects natural environment has becomes less valid because of the experimental item 

selection procedure.

For example, imagine a subject who is asked to make a judgment about the relative latitudes 

of cities in the Northern Hemisphere (e.g., “Which city is further North? a) City X or b) 

City Y”). The subject may use a climate cue - cities which are further north tend to have 

harsher winters - and this cue may have a very high validity (say 90%). If a pair of cities are 

selected at random fi-om the reference class, there is a 90% chance that the climate cue will 

deliver the correct answer (a non-misleading item with respect to the cue) and a 10% 

chance that it will deliver the wrong answer (a misleading item with respect to the cue). If 

misleading items are deliberately selected (e.g., Rome, New York; Paris, Montreal) and the 

subject uses the climate cue, he or she will get the wrong answer, but give a high confidence
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rating (90%) that the correct answer has been selected, as the confidence reported is the 

internalized cue validity.

How then is good calibration to be achieved? Gigerenzer, Hofifrage & Kleinbolting (1991) 

carried out an experiment whereby they successfully demonstrated that overconfidence 

disappeared if the items in the task were randomly sampled and representative of a 

reference class familiar to the subjects. Their subjects were students fi'om the University of 

Konstanz, West Germany, and in order to create a representative sample which reflected an 

environment known to the subjects, they chose as a reference class “all cities in West 

Germany with more than 100,000 inhabitants”. From the total of 65 such cities they 

randomly selected 25. The cities were then used in a complete paired comparison to give 

300 pairs, with absolutely no selection occurring. The target variable used was the number 

of inhabitants, and the questions were presented in a 2AFC format, e.g., “Which city has 

more inhabitants? a) Solingen or b) Heidelberg”. The subjects were required to give a 

confidence judgment following their choice of answer for each question. As Gigerenzer et 

al. predicted, subjects exhibited good calibration for this set of items. This was confirmed 

by Juslin (1993) who also carried out an experiment which demonstrated that if subjects are 

presented with a representative set of ‘debiased’ items (i.e., randomly selected fi-om a 

natural environment) then good calibration results and the hard-easy effect disappearŝ ®.

Juslin (1994) however, which also attempted to demonstrate good calibration with debiased stimuli, 
was unable to eliminate underconfidence entirely. This experiment is discussed in detail in Chapter 
Eight.

_ 158-



GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE EFFECTS OF RANDOMIZATION

In sum, proponents of the Ecological Model maintain that if item selection is unbiased with 

respect to a body of knowledge (i.e., a representative reference class) then good calibration 

can be expected - whatever the level of knowledge of the individual.

Of the four calibration tasks carried-out in the previous two experiments, only one showed 

support for the Ecological hypothesis - the Semantic task in Experiment 1 (although there 

was partial support for the Ecological hypothesis in the Semantic task in Experiment 2). 

This lack of support may have been due to the fact that the stimulus materials used in the 

previous two experiments were not completely randomized (as the Ecological School 

dictates) and therefore not necessarily representative. The aim of Experiment 3, therefore, 

was to investigate the degree to which randomization of the stimuli used to assess the 

calibration of subjective probabilities would eliminate the tendency for miscalibration in the 

form of over or underconfidence.

In order to ascertain how critical random item selection is in producing good calibration, 

two tasks were chosen (and formulated with special care) so that they met the criteria 

suggested by the Ecological theorists. This involved ensuring that the tasks were of equal 

ecological validity for both groups by selecting an appropriate reference class - and through 

the randomized selection of test items. Following the experiments of both Gigerenzer et al. 

(1991) and Juslin (1993, 1994), geographical knowledge was chosen as the source for the 

stimulus material, and two separate variables were used: the size of a country (in terms of 

area) and the population of a country.
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Three out of the four calibration tasks carried-out in Experiment 1 and 2 supported the 

Task-difficulty hypothesis in that a hard-easy effect was clearly observed. These results are 

entirely in line with what theorists from the Pessimist School would predict, as they reject 

the thesis proposed by the Ecologists that cognitive bias is an artefact of the stimulus 

materials used, and instead maintain that miscalibration is the result of an inherent bias 

within the individual. The Task-difficulty hypothesis was thus retained in it original format.

In both Experiment 1 and Experiment 2, a relationship was found between calibration 

performance and ciystallized and fluid intelligence with the older group. This suggests that 

both crystallized and fluid intelligence have a positive influence on metacognitive 

functioning. However, this was not reflected in the older groups use of confidence ratings, 

as they were significantly overconfident in three out of the four conditions. Thus, despite 

the fact that the older group do appear to have a higher level of crystallized knowledge than 

the young - scoring more highly on the Mill Hill test in Experiment 1, and, on the Semantic 

Memory tests in Experiment 1 and 2 - they did not demonstrate greater cautiousness or a 

higher degree of insight than the young. As no support was found in either experiment for 

the Insight hypothesis, it was abandoned. An interest in the roles fluid and crystallized 

intelligence play in general cognitive functioning, however, particularly for the old, was 

maintained.
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7.2: Aims and Predictions

7.2.1: The Task Difficulty Hypothesis

Over or under confidence will be exhibited equally by both groups in direct relation to 

how easy or difficulty they find the task

7.2.2: The Ecological Hypothesis

As item pairings chosen were randomly assigned from a reference class of equal 

ecological validity for both groups, good calibration would be anticipated.

1 3 : Method 

7.3.1: Subjects

All subjects were selected from the same sample population as described in Chapter 

Four (section 4.4). Thirty old subjects participated and 30 young. The 30 old subjects, 

of whom 19 were female and 11 male, had an age range of 63 - 85 years with a mean 

age of 74.43 (SD 5.80). The 30 young subjects (16 males and 14 females) were aged 

17-39 years with a mean age o f23.48 (SD 6.40).

7.3.2: Materials

Five tests were administered in all. Three of these tests were the same as described in 

the previous experiments: the Mill Hill Vocabulary test (MH) Part One; the AH4 test. 

Parts 1 & 2; and the Beck Depression Inventory (BDI). The rationale for using these 

tasks was given in section 5 .6.2, Chapter Five. The two general knowledge tasks used
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to assess probabilistic reasoning were geographical area and geographical population, 

(herein after referred to as Geography Area and Geography Population). A full 

description of these tasks is given below. The relevant stimulus materials can be found 

in Appendix III

7.3.2.1: General Knowledge Tasks

In order to examine fully the effects of random item selection on calibration 

performance it was decided that the larger the sample of scores available, the more 

comprehensive the analysis that could be carried out. However, this had to be 

weighted against the possibility that a lengthy task would induce fatigue or boredom. 

Two general knowledge tasks were therefore formulated, each of 50 items.

Geography Area

The Geography Area task took the form of a 50 item 2AFC test, using a half-range 

probability scale. The names of all 188 countries listed in the index of Collins Concise Atlas 

of the World (Currie, 1990) were typed into a computer and randomly paired. Fifty pairs of 

countries were then randomly selected from the resulting 94 pairs. Subjects were instructed 

to tick the country which they thought had the larger land area, an example being - a) 

Lebanon, or b) Morocco. They were then required to circle a confidence rating of 50, 

60, 70, 80, 90, or 100 percent to indicate how confident they were that they had picked 

the right answer. All subjects were informed that choosing 100% would indicate they

- 162-



GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE EFFECTS OF RANDOMIZATION

were absolutely certain that they were right, whilst selecting 50% indicated that they 

were guessing. They were requested to attempt all questions.

Geography Population

The 100 countries that made up the same 50 pairs described above were randomly paired 

again to give a different set of 50 pairs. For this task the subject was required to choose 

which of the two countries in the pair had the larger population - for example, a) Austria or 

b) Malaysia. For each item, a confidence rating was then to be assigned as described above.

7.3.3: Design and Procedure

The procedure employed for both groups of subjects was very much the same as that 

described in Experiment 1 and Experiment 2. All older people were visited individually 

in their own homes, and all younger subjects were tested in private cubicles in the 

Department of Psychology, University College London. Instructions on how to 

complete the tasks were carefully explained to all participants before testing began. 

Before being presented with the two geography tasks, subjects were informed of the 

date of the atlas fi'om which the countries had been selected. This was important 

because of the geographical reorganisation that had recently taken place in both Russia 

and Yugoslavia. Task order was randomized for each individual, but the two 

geography tasks were always carried out with one or more intervening tasks. When 

the session was over, subjects were thanked for their participation and paid £5.00; the 

nature of the experiment was explained to any individuals who were interested. Total
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test time for the older group was just over one hour, and for the younger group about 

50 minutes.

7.4: Results and Discussion

7.4.1: Metacognition and Calibration

7.4.1.1: The Ecological vs. The Task-Difficnlty Hypothesis

In this experiment the calibration performance for each of the two groups is examined in 

terms of the Ecological and the Task-difBculty hypotheses task by task The results for the 

Geography Area task are presented in Table 7.1 and 7.2, and graphically in Figure 7.1. 

Results for the Geography Population task are presented in Tables 7.3, 7.4, and Figure 7.2.

Geography Area

As can be seen from Table 7.1 and 7.2 there was no support (as far as results from the 

older group were concerned) for the Ecological hypothesis; they were significantly 

overconfident by 5.85% (t (29) = 2.25, p<.05) with a hit-rate of 67.27%. Despite the 

fact that this level of overconfidence was possible greater than might have been 

predicted with such a hit-rate, the findings are stül in line with the Task-diflSculty 

hypothesis. The young group exhibited almost perfect calibration on this task with a 

hit rate of 69.80% (see Figure 7.1). This result supports the Ecological hypothesis, but 

neither is it inconsistent with the Task-difficulty hypothesis, as reasonable calibration 

would be predicted at this level of difGculty. There was a significant difference in 

calibration performance between the two groups (t (58) = 2.46, p< 02). Although
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Table 7.1: Mean hit-rate and mean confidence for both groups of subjects in the 

Geography Area task. The last row indicates whether or not there was a significant 

difference in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 69.80 7.30 70.03 8.86

Old 67.27 9.13 73.12 11.10

Sig. NS NS

Table 7.2: Calibration index scores for young and old subjects, and the degree to 

which they were over- or underconfident. The last row indicates whether or not there 

was a significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0231 .0157 0.23 9.49

Old .0405 .0354 5.85 14.27

Sig. P<.02 NS
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Figure 7.1: Calibration curves (upper panel) and response frequency curves (lower

panel) for the old and young subjects in the Geography Area task (Experiment 3).
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Table 7.3: Mean hit-rate and mean confidence for both groups of subjects in the 

Geography Population task. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 73.50 8.21 68.71 8.90

Old 68.73 1,10 75.37 11.80

Sig. NS P<.02

Table 7.4: Calibration index scores for both groups, and the degree to which subjects 

were over- or underconfident. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0243 .0133 -4.79 8.78

Old .0355 .0266 6.64 13.00

Sig. P<.02 P<.002

167



GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE EFFECTS OF RANDOMIZA TION

U
(U
L_L.
o

o
(D
CT»
O
C
Q)
Ui_
(L)

o_

c
CÜ
u

100  -

90 -

80 -

70 -

60 -

50

<u
cn 40 
o

50

0)
Q- 2 0
Q) 
cn 
c  
o
CL 
cn 
cu 

QC

A A Y o u n g

■j-------------------- 1-------------------- 1_____________ I

• -------•  O l d

A A Y o u n g

A
\

\

------^-1
10  -

0 -

50 60 70 80 90 100

Confidence Rating
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panel) for the old and young subjects in the Geography Population task (random items: 

Experiment 3).
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neither mean hit-rate nor mean confidence differed significantly between the groups, 

the differences were in the opposite directions, the young had a higher hit-rate, but a 

lower level of confidence. There was no significant difference in the over/under 

confidence scores of the two groups.

Geography Population

The results from this task did not support the Ecological hypothesis, for either the 

young or the old group. The older subjects were significantly overconfident by 6.64% 

(t (29) = 2.79, p<.01) with a mean hit-rate of 68.73%. The young were significantly 

underconfident by 4.79% (t (29) = 2.99, p<01) with a mean hit-rate of 73.50% - a 

classic hard-easy effect. The old found the task relatively difScult and exhibited over

confidence, the young found it easier and showed underconfidence. Although 

performance levels were not significantly different between the two groups, the young 

did have an average hit-rate almost 5% greater than the old. This was enough to elicit 

a significant difference in the confidence demonstrated by each group (t (58) = 3.99, 

p< 002). Despite the fact that the old group found the task hard, they still maintained a 

mean confidence level of 75.37%, which was significantly greater than the young 

group’s mean confidence rating of 68.71% (t (58) = 2.47, p<.02), even though the 

young had a higher hit-rate (73.50%). This difference in performance was also 

evidenced by a significant difference in their calibration index score (t (58) = 2.46, p< 

.02). The demonstration of the hard-easy effect provides strong evidence for the Task- 

difBculty hypothesis once again.
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7.4.2: Correlational Results

Data for the two groups were pooled separately for analysis. Matrices of Pearson’s product 

moment correlation’s between subjects’ scores on all tasks, together with their ages, are 

presented in Table’s 7.5 and 7.6.

7.4.2.1: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Older Group

Scores on the AH4 test for fluid intelligence correlated significantly with performance 

on both the general knowledge tasks. Geography Area (GA) (r=.38, p<.05) and 

Geography Population (GP) (r= .46, (p<.02). Crystallized intelligence correlated even 

more strongly with these two tasks. The Mill Hill (MH) correlated with GA (r = .71, 

p<.001) and with GP (r=.62, p<.001). This may not be surprising, as general 

knowledge (as a reflection of acquired ability) would be expected to correlate 

significantly with crystallized intelligence. Age did not correlate with any other scores 

for this group. Although a negative trend was noted between crystallized intelligence 

scores and calibration performance for both the general knowledge tasks (indicating 

that the higher this ability the better the performance) the correlations were not 

significant. Nor was a relationship evident between AH4 scores and the Calibration 

Index (Cl). This is in contrast to the results achieved in the first two experiments 

where significant correlations between measures of fluid and crystallized intelligence 

and calibration performance were found. A significant positive correlation was 

observed, however, between the Geography Area Cl and the Geography Population Cl 

(r= .77, p<.001).
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Table 7.5: The correlations observed in the Older Group between scores on the 

Geography Area and Geography Population calibration tasks (GA-CI and GP-CI), hit 

rates for the two geography tasks, the AH4, the Mill Hill (MH), the Beck Depression 

Inventory, and Age.

GA-CI GP-CI MH AH4 GA GP BDI

GP-CI .7 6 ^ "

MH -.227 -.290

AH4 -.118 -.233 .711’'^'"

GA -.49^" -.439 .7 i r ^ .380"^

GP -.334 -.411 .620*^ .464* .668̂ ^̂ "̂

BDI -.353 -.128 .059 -.053 -.037 -.053

AGE -.238 -.180 .122 -.191 .250 .093 .051

Table 7.6: The correlations observed in the Younger Group between scores on the 

Geography Area and Geography Population calibration tasks (GA-CI and GP-CI), hit 

rates for the two geography tasks, the AH4, the Mill Hill (MH), the Beck Depression 

Inventory, and Age.

GA-CI GP-CI MH AH4 GA GP BDI

GP-CI -.296

MH -.083 .124

AH4 .179 -.060 .440

GA .072 .345 .705^^ .318

GP -.103 .431 .585*^ .383 .601^

BDI .163 -.082 -.163 -.346 -.144 -.294

AGE -.121 .287 .75cT* .091 .637^"^ .5 1 ^^  -.168
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7.4.2.2: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Young Group

Fluid intelligence was significant only for the GP task for this group (r=.38, p< 05). 

Mill Hill scores however, correlated highly with performance on both general 

knowledge tasks (GA; r=.71, p<.001 and GP; i=.59, p<.001). Although Rabbitt 

(1986) states that scores on the Mill Hill are known not to change until late in life, 

performance on this test correlated strongly with age (r=.75, p<001) - as it did in the 

previous two experiments - suggesting that even between the ages of 17 and 39 there is 

an indication of ‘crystallized’ knowledge forming. Age also correlated positively with 

general knowledge task performance (GA; r=.637, p<.001 and GP; r=.518 p< 01). 

There was no relationship found between the scores from either the Mill Hill (MH) or 

the AH4 and calibration indices, for either task - nor did performance on one 

calibration task correlate with calibration performance on the other.

7.4.3: BDI Scores - Both Groups

As in the previous two experiments there was no relationship found between ratings on 

the Beck Depression Inventory and assignment of confidence ratings (measured by the 

calibration index) for either of the two groups. Although the old on average ‘scored’ 

four points more on the Beck Depression Inventory than the young, this was still 

within the normal range (see Section 5.6.2.3, Chapter 5). Thus, although the older 

adults did appear to rate themselves as being more ‘depressed’, or as having a poorer
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level of self-esteem than the young, this did not seem to have any influence on their 

calibration performance.

7.6: Conclusions

Despite taking care to meet the sampling criteria stipulated by the Ecological School, 

good calibration was exhibited only by the young and only on one of the tasks (the GA 

calibration task). However, such a result still does not entirely support the Ecological 

Hypothesis as good calibration is also predicted by the Pessimist School when the hit- 

rate is between 70% - 80% (69.80% in the young group’s case). This finding, in 

addition to the fact that there was the demonstration of a hard-easy effect in all other 

conditions, meant that the Task-difficulty hypothesis was supported once again.

Juslin (1994) proposed that as a result of people being well-calibrated to their everyday 

environments, miscalibration in the form of overconfidence is simply an artifact of the 

informal selection of the stimulus items, rather than a consequence of biased cognition. 

The fact that miscalibration was observed in this experiment, even though random item 

selection was employed, suggests that Juslin’s ‘Optimistic’ view about the individuals 

ability to make realism of confidence judgment may be misconstrued. It is possible that 

misleading items were over-represented by chance, despite the sample items being 

randomly selected. But, it is more likely that the ‘Pessimistic’ belief that individuals are 

inherently poor at making subjective probability judgment, as shown by their failure to 

adjust their confidence in response to changes in task-difficulty, is correct.
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Such a conclusion suggesljthat random sampling - to ensure ‘fairness’ of stimulus items 

simply increases the hit-rate - but does not eliminate over or underconfidence. 

Therefore, selecting stimulus items to make a task harder, will presumably, lower the 

hit-rate, but increase overconfidence as subjects find the task more difficult. In order 

to investigate the consequences of reduced performance levels on calibration 

performance a further experiment was carried out, which is described and discussed in 

Chapter Eight.
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Chapter Eight

GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE 

EFFECTS OF TASK - DIFFICULTY 

EXPERIMENT 4 

8.1: Introduction

In the first two experimental chapters of this thesis, the results from four calibration 

tasks indicated that over or underconfidence was demonstrated by subjects from both 

age groups, in direct relation to task-difiBculty. According to proponents of the 

Ecological School however (e.g., Gigerenzer, Hofifrage & Kleinbolting, 1991; Juslin, 

1993, 1994) these results are not necessarily surprising because an ‘informal’ selection 

procedure was employed when constructing the tasks. This, according to the 

Ecologists, leads to a disproportionate number of items being present which have low 

cue validity for the subject. This treatise was discussed in Chapter 7, as was 

Gigerenzer et al’s (1991) and Juslin’s (1993) attempts to demonstrate that the hard- 

easy effect could be eliminated if certain criteria were met when generating the stimulus 

items.

Juslin (1994) carried out a further experiment to show that poor calibration and 

overconfidence are the result of an informal selection process and developed two separate 

hypotheses to support this contention. His first prediction was that random selection of
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almanac (i.e., general knowledge) items should lead to the disappearance of the 

overconfidence phenomenon, and good calibration should be observed (the random 

selection condition). His second prediction was that that the ‘informal’ selection of general 

knowledge items (i.e., deliberately choosing items that were more difficult) would produce 

a more ‘traditional’ calibration curve, characterized by overconfidence and poor calibration 

(the informal selection condition). The results of Juslin’s (1994) experiment did not, 

however, entirely support his predictions. In the first case (the random selection condition), 

although overconfidence was eliminated, the subjects were significantly underconfident. 

The second hypotheses (the informal sdection condition) was, however, supported as 

subjects did exhibit significant overconfidence. Juslin (1994) concluded that these results 

provided clear support for the argument that miscalibration is the result of informal item 

selection, because, despite the underconfidence observed in the random selection condition, 

the subjects did produce a curve which fell close to the identity line, and they were much 

less underconfident than subjects in the informal selection condition were overconfident. 

However, analysis of these results from a ‘Pessimistic’ perspective leads to a rather 

different conclusion.

Juslin’s findings are confounded by the fact that, as a consequence of the selection 

procedure employed, the informal selection condition was harder than the random 

selection task. According to the Pessimists (e.g., Ferrell & McGoey, 1980; Griffin & 

Tversky 1992; Kahneman & Tversky, 1982) it is precisely such a difference in level of 

difficulty that produces under/overconfidence, as opposed to the sampling technique
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used. They suggest that miscalibration occurs because subjects fail to adjust their 

response criteria when faced with an item that is either easier or harder than anticipated 

and this leads to them being, correspondingly, under or overconfident. The results of 

Juslin’s (1994) experiment, paradoxically, appear to support this argument. Both his 

groups of subjects maintained average mean confidence ratings of around 70%, but, 

subjects in the informal selection condition found the task more difficult than subjects 

in the random item condition and scored substantially less (62% vs. 76%). However, 

despite finding the task hard the subjects continued to adhere to a mean confidence 

rating which was greater than was warranted by the level of task-difficulty, and as a 

result, they exhibited significant overconfidence. The fact that subjects in the random 

selection condition showed slight (but significant) underconfidence while finding the 

task easy appears to be a demonstration of a classic hard-easy effect, and, provides 

further support for the contention that task-difBculty plays a significant role in eliciting 

miscalibration.

Because the selection procedures used in the first two experiments in this thesis were, as far 

as the Ecologists are concerned, responsible (albeit unintentionally) for the poor calibration 

observed, an attempt was made in Experiment 3 to redress the situation by following their 

recommendations with regard to the construction of such tasks. As a result two general 

knowledge tests were formulated with care being taken that the stimulus items were 

randomly generated from a normative reference class. Theoretically, this should have 

both reduced the likelihood of miscalibration occurring, and presented the opportunity
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for good calibration to be demonstrated. However, despite the efforts made, the 

findings of Experiment 3 concurred with those of Experiment 1 and 2 and a classic 

hard-easy effect was observed in three of the four conditions. Further, there was no 

evidence to support the suggestion that random sampling of stimulus items reduced the 

tendency for miscalibration.

8.2: Aims of Experiment Four: the Effects of Task-difficulty

The aim of Experiment 1 and 2 was to investigate task-diflficulty, by manipulating different 

reference classes (i.e., semantic and episodic) across different age-groups (i.e., old subjects 

versus young). Manipulation of item-difficully in order to specifically produce under or 

overconfidence was not considered until Experiment 3.

The present experiment set out to test the relative influence of task-difficulty by 

constructing a test with a high degree of item-difficulty, the expectation being that the 

harder the subjects found the task the more overconfident they would be. Although both 

the Ecological and the Pessimist Schools would predict overconfidence in such 

circumstances - albeit for different reasons - the evidence fi’om the previous three 

experiments is in line with the implication that performance level is the most important 

determinant of miscalibration, as opposed to the stimulus materials used. The aim of 

Experiment 4, accordingly, was to create a situation where overconfidence would be 

produced by manipulating task-difficulty via item selection within groups - rather than
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manipulating task-difficulty via age between groups - as was the case in the Episodic 

Memory condition reported earlier.

8 J: Aims and Predictions

The Task-difficulty hypothesis employed in the previous three experiments is retained in its 

original form, and as the task is constructed to be difficult, overconfidence is predicted. The 

Ecological Hypothesis, which is also retained, also predicts overconfidence, but for a 

different reason. The Ecologists would maintain that any miscalibration that is observed 

will be the result of the informal selection of the stimulus items, even though, as was 

pointed out in Chapter Three, it is almost impossible to unconfound item selection fi"om 

task-difficulty. This makes it difficult to support an Ecological approach to realism of 

confidence, especially when task-difficulty was manipulated in Experiment 1 and 2 by 

manipulating the age-variable and the Episodic task; such an effect clearly supports a 

(Pessimistic) view that task-difficulty is the key-ffictor. Nonetheless, the Ecological 

hypothesis is again proposed in the present experiment in order to gauge just how much 

task-difficulty influences calibration performance.

8.3.1: The Task Difficulty Hypothesis

As the items for the task were informally selected the task should be more difficult than 

the subjects would anticipate and, as a result, they will exhibit overconfidence.
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8.3.2: The Ecological Hypothesis

The biasing of the stimulus items will mean that that the task no longer has the 

appropriate cue validity and therefore overconfidence will result.

8.4: Method 

8.4.1: Subjects

Twenty-five older subjects participated in this experiment all of whom were drawn 

from the same subject panel as described in Section 4.4, Chapter Five. The age range 

of the older group, which was comprised of 16 females and 9 males, was 62 - 84 and 

they had a mean-age of 74.52 (SD 4.91). Twenty-five young subjects also participated, 

all of whom were either undergraduates or post-graduates fi'om the Department of 

Psychology, University College London (UCL), or members of the general public. The 

young group had an age-range of 18 - 35 years with a mean age of 23.48 (SD 5.71), 

there were 12 females and 13 males.

8.4.2: Materials

A selection of pencil and paper tests were completed by all subjects. As in the previous 

three experiments this included the MU HiU Vocabulaiy Test and the AH4. These tests 

were administered in order to monitor the influence of crystaUized and fluid intelligence on 

both metacognitive performance and general levels of ability, with particular reference to 

the older group. The Beck Depression Inventory was also included in order to control for
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any negative effects poor self-esteem may have had on calibration performance. Section 

5 .6.2, Chapter Five, provides a fuller discussion of the rationale behind this choice of tests. 

The relevant stimulus materials can be found in Appendix IV.

8.4.2.1: The ‘ Selected Item’ Geography Population Task

The task used to assess calibration performance in this experiment took the form of a 

2 AFC, 50 item, general knowledge task. The subject was required to choose which of two 

countries listed had the bigger population - e.g., a) Iceland or b) Canada - then assign a 

confidence rating between 50% and 100% based on that decision. The same 100 countries 

used for the Geography Population condition in Experiment 3 were taken and selectively 

paired together to make-up a new set of 50 items. In other words, whereas the countries in 

that task were randomly paired, in the present experiment a selection procedure was 

adopted. The aim of this procedure was to make the task relatively difficulty; for example, 

by pairing countries that had populations very similar in size (e.g.. Great Britain and 

France). The completed questionnaire was then piloted for ‘difficulty’ by asking 8 

postgraduates fi"om the Department of Psychology, UCL, to complete the test. They were 

asked to make judgments about which of the two countries had the bigger population, but 

were not required to give confidence ratings. An average score of 62% was observed. As 

this was considerably less than the hit-rate of 73.50% and 68.70% achieved by the young 

and old group respectively when the same material was randomly generated (see 

Experiment Three), the selection procedure was deemed successful.
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8.4.3: Design and Procedure

As before, all older subjects were visited in their own homes, reassured about any anxieties 

they may have had about participating, and the instructions were hilly explained to them. 

The younger subjects, were tested individually in cubicles in the Department of Psychology, 

UCL, and received the same instructions. The order of test presentation was randomized 

ocrcGS. all subjects. Total test time for the older group was approximately 50 minutes, and for 

the younger group approximately 40 minutes. All subjects were thanked, debriefed, and 

paid £5.00 for their participation.

8.5: Results and Discussion 

8.5.1: Metacogiiition and Calibration

In order to assess whether informal item selection did produce a more diflScuh task, and, 

what effect this would have on calibration performance, the results from the Geography 

Population task (selected) in the present experiment were compared with the results 

from the Geography Population task (random) in Experiment 3. The results showing 

the comparison between the two tasks is presented in Table 8.1 and 8.2, and graphically in 

Figure 8.1. and 8.2. The results showing the scores of the two groups from the present 

experiment are presented in Table 8.3 and 8.4. (and graphically in Figure 8.3).
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8.5.1.1: The Effect of Informai Item Selection on Hit-rate

Evidence that the biasing of the items to produce a more difficult task was successful 

comes from the fact that subjects in this experiment found the task significantly harder 

than the subjects who completed the randomly generated Geography Population task in 

Experiment Three. As can be seen from Table 8.1, the older group in the present 

experiment had a significantly lower mean hit-rate of 60.80%, compared to a mean of 

68.70% achieved in the previous experiment (t (48) = 3.23, p<.002). And, while the 

younger group averaged 73.50% when the questions were about population size and 

randomly generated (see Table 8.2), they produced a significantly lower score of 

62.48% when the same items were selected (t (48) = 5.48, p< 001). As in the previous 

experiment, there was no significant difference in mean hit-rate.

8.5.1.2: The Effect of Informal Item Selection on Calibration Performance

As was predicted, both groups of subjects responded to task-difficulty by exhibiting 

overconfidence. The older group were significantly overconfident by 10.53% (t (24) = 

4.34, p< 01) and the young group by 5.18% (t (24) = 2.68, p< Ol). These results are 

illustrated in Figure 8.2. Although the old were almost 5% more overconfident than 

the young, this difference was not significant, nor was their a significant difference in 

the calibration index scores of the two groups. Despite the fact that the items were 

randomly generated for the Geography Population task in Experiment 3, the older 

group found the task relatively hard (hit-rate 68.73%) and exhibited overconfidence. 

Although they did find the present selected item task significantly more difficult than
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Table 8.1: The mean hit-rate, confidence, and over/underconfidence for the Older 

Group in the two Geography Population tasks [random item (Experiment 3) vs. 

selected item (Experiment 4)]. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

% Hit-rate Confidence Over/under
X X X

Random
Geography 68.73 75.37 6.64

Selected
Geography 60.80 71.33 10.53

Sig. p<.002 NS NS

Table 8.2: The mean hit-rate, confidence, and over/underconfidence for the Younger 

Group in the two Geography Population tasks [random item (Experiment 3) vs. 

selected item (Experiment 4)]. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

% Hit-rate Confidence Over/under
X X X

Random
Geography 73.50 68.71 -4.79

Selected
Geography 62.48 68.30 5.18

Sig. p<.001 NS p<.002
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Figure 8.1: Calibration curves (upper panel) and response frequency curves (lower

panel) for the old subjects in the Geography Population task (random items; 

Experiment 3) and Geography population task (selected items: Experiment 4).
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Figure 8.2: Calibration curves (upper panel) and response frequency curves (lower

panel) for the young subjects in the Geography Population task (random items; 

Experiment 3) and Geography population task (selected items: Experiment 4).
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Table 8.3: Mean hit-rate and mean confidence for both groups of subjects in the 

Selected item Geography Population task. The last row indicates whether or not there 

was a significant difference in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 62.48 6.36 68.30 8.82

Old 60.80 5.86 71.33 10.45

Sig. NS NS

Table 8.4: Calibration index scores for both groups, and the degree to which subjects 

were over- or underconfident. The last row indicates whether or not there was a 

significant difference in performance level between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0329 .0426 5.82 10.87

Old .0523 .0339 10.53 12.13

Sig. NS NS
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Experiment 4).

- 188



GENERAL KNOWIÆDGEAND OVERCONFIDENCE: THE EFFECTS OF TASK-DIFFICULTY

they had the randomly generated item task, the overconfidence they produced on this 

occasion, although greater by approximately 4%, was not significant. The younger 

group however not only exhibited significant overconfidence in the present experiment, 

but were also significantly more overconfident than they had been in the previous 

experiment (t (48) = 4.00, p<.002). This can be attributed to their much lower hit-rate 

in the present experiment (see Table 8.3). As can be seen from Figure 8.1, 

performance of the younger subjects on the two tasks provides a clear demonstration 

of a classic hard-easy effect. Interestingly, whereas the older group did seem to show 

some recognition that the task was harder by dropping their mean confidence level by 

4% (although this was not significant), the young maintained an almost identical mean 

confidence rating - 68.71% for the randomly generated geography questions and 

68.30% for the selected questions (see Table 8.1 and 8.2).

8.5.2: Correlational Results

Data for the two groups were pooled separately for analysis. Matrices of Pearson’s 

product moment correlation’s between subjects’ scores on all tasks, as well as their ages, 

are presented in Table 8.5 and Table 8.6.

8.5.2.1: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Older Group

Fluid and Crystallized Intelligence appeared to have no bearing on metacognitive ability 

for this group, as neither the Mill Hill nor the AH4 were found to correlate with
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Table 8.5: The correlations observed in the Older Group between scores on the 

Selected item Geography calibration tasks (SIGP-CI), hit rate on the geography task 

(SIGP), the AH4, the Mill Hill (MH), the Beck Depression Inventory (BDI), and Age.

SIGP-CI AH4 MH SIGP BDI

AH4 -.019

MH -.174 .737*"’"^

SIGP -.459^ .278 .564̂ ""

BDI .103 -.540'*'^ -.526^ -.148

AGE -.375 -.028 .065 .213 .136

Table 8.6: The correlations observed in the Younger Group between scores on the 

Selected item Geography calibration tasks (SIGP-CI), hit rate on the geography task 

(SIGP), the AH4, the Mill Hill (MH), the Beck Depression Inventory (BDI), and Age.

SIGP-CI AH4 MH SIGP BDI

AH4 -.317

MH -.371 .714

SIGP -.462*̂ .412*" .566"^

BDI .259 -.189 -.279 .052

AGE -.312 .579*"* .667*̂ "" .53(f^ -.226

*p<.OS; **p<.01; ***p<.001
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calibration performance on the Selected Item Geography Population task (SIGP). The 

best predictor of metacognitive ability seemed to be raw scores on the SIGP task 

shown by the existence of a significant negative correlation between SIGP hit-rate and 

calibration index scores (SIGP-CI) indicating that the higher their hit-rate, the better 

calibrated this group were (r =-.46, p<.05). Not surprisingly, hit-rate on the SIGP task 

also correlated with scores on the Mill Hill (r = .56, p<01). The Mill Hill, as would be 

anticipated, correlated significantly with AH4 scores (r = 74, p<.001).

S.5.2.2: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Younger Group

Both fluid intelligence and Mill Hill scores correlated significantly with hit-rate on the 

SIGP task (r = 41, p<.05 and r =.57, p<.01, respectively). As in the previous three 

experiments, a significant positive relationship was found between Mill Hill scores and 

age (r = 67, p<001). AH4 scores, slightly surprisingly, also correlated significantly 

with age (r = 579, p<01). Performance on the calibration task (SIGP-CI) was also 

significantly correlate with hit-rate (r = -.46 p=.05).

8.5.3: BDI Scores - Both Groups

The BDI appeared to play an important role for this particular group of older subjects as a 

strong negative correlation was found between BDI ratings and AH4 scores (r = -.54, 

p<01) and also Mill Hill scores (r = .53, p<.01), which appears to indicate that the lower 

their self-esteem the more poorly they performed on the fluid and crystallized ability tests.
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Although the mean score for this group (mean 9.68, SD 6.31) was not greater than 

observed in any of the previous groups of older subjects, and fell within the ‘normal’ range 

as indicated by the Beck Depression Inventory Manual, four of the subjects had scores 

which indicated that they were suffering mild to moderate depression (e.g., self-ratings of 

between 10 and 18) and a further four subjects had scores which fell between 19 and 29 

which is rated by the Manual as indicating moderate to severe depression. Beck Depression 

Inventory Ratings did not correlate with scores on any other tasks for the young group. The 

mean BDI score for the young group was 7.5, which was only slightly less than that of the 

older group, and six young subjects had scores which fell at the lower range of the mild to 

moderate depression category.

8.6: Conclusions

As was predicted by the Task-difficulty hypothecs, overconfidence was demonstrated by 

both groups of subjects. These results support a ‘Pessimistic’ view of cognitive reasoning 

which maintains that individuals are inherently biased when making subjective probability 

judgments. This was clearly demonstrated in the present experiment by the fact that both 

the old and the young subjects continued to maintain a mean confidence rating of around 

70% despite the fact that they obviously found the task relatively hard as indexed by hit- 

rates of 60.8% and 62.5% respectively. The Ecological theorists would almost certainly 

argue that it was the biased item selection that caused the subjects to be overconfident. 

However, as was demonstrated in Experiment 3, randomly generating the almanac items
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merely appears to increase performance levels, and may even (as was shown by the young 

group) elicit underconfidence.

Clearly, the Ecological School’s charge that the ‘unfair’ selection of stimulus items is 

essentially responsible for the overconfidence phenomenon and the hard-easy effect is 

not entirely justified. The Pessimist School, however, although seeming able to 

provide a more predictable account of these events, does not offer a complete 

explanation either. A full discussion of the some of the problems with the models 

proposed by the two Schools is presented in Chapter Ten.

One of the main contentions of the Ecological School which does seem to be 

warranted is that the reference class from which the stimulus material is generated 

should be of reasonable familiarity to the subject. It makes sense that if subjects are 

asked to make judgments in response to questions about which they have no 

knowledge, then they are being given little opportunity to demonstrate good 

calibration. In Chapter Four, I looked at a number of methodological considerations that 

cognitive aging researchers have suggested should be taken into account when testing older 

adults. One such concern was the concept of ecological validity and task frmiliarity - or, 

how important it is when testing older adults to avoid tasks (particularly where memory is 

concerned) that exacerbate age-related differences in performance. A practical solution to 

this problem, would be to use materials that are representative of the older individual’s 

everyday experience; which at the same time, do not disadvantage the young.

- 193 -



GENERAL KNOWLEDGE AND OVERCONFIDENCE: THE EFFECTS OF TASK-DIFFICULTY

The next experiment (Experiment 5) examines what happens when calibration 

performance is assessed using a task that meets some of the guidelines suggested by 

both calibration and cognitive aging researchers. That is, using stimulus materials 

which are randomly generated, and which are from a reference class which should be 

equally favourable for both groups of subjects.
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Chapter Nine

CALIBRATION ON AN ‘EVERYDAY MEMORY’ TASK 

EXPERIMENT 5 

9.1: Introduction

In Chapter Seven, I discussed how the results of two experiments that I had carried out 

had failed to show support for an Ecological approach to the calibration of subjective 

probabilities (e.g., Gigerenzer, Hofifrage & Kleinbolting, 1991; Juslin, 1993, 1994). I 

suggested that the reason for this may have been that one of the methodological 

criteria, which the Ecologists recommend should be implemented when assessing 

calibration performance, was not met (e.g., random item selection). However, 

although an attempt was made to rectify this situation in Experiment 3, the results still 

favoured a ‘Pessimistic’ view of probabilistic reasoning (e.g., Ferrell & McGoey, 1980; 

Griffin & Tversky, 1992; Kahneman & Tversky, 1982). Further, in Chapter Eight, I 

demonstrated, by comparing two calibration tasks, that manipulating item selection 

appeared to provide further support for a Pessimistic approach as item selection was 

confounded with task-difficulty - i.e., a hard-easy effect resulted.

However, although unable to unequivocally support the Ecological Model, at the end 

of Chapter Eight I argued in favour of their assertion that the stimulus materials, with 

which subjects are to be tested, should be from a familiar source - i.e., from an
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ecologically valid reference class^\ Gigerenzer et al. (1991) and Juslin (1993, 1994) 

both propose that this is a necessary condition for assessing decision making ability, 

because, they argue, it is as a result of interaction with the natural environment that the 

frequencies of co-occurrences of events in that environment are encoded. This 

knowledge is then used as the basis for making subjective probability judgments. 

However, according to Juslin (1993) calibration researchers have traditionally tended 

to ignore the relevance of the environmental input, at the expense of ‘top-down’ 

explanations of probabilistic reasoning - i.e., those which emphasize the role of 

cognitive processes in decision making^.

9.1.1: Ecological Validity and Cognitive Aging Research

“7/ is widely accepted that accuracy o f prediction increases as the assessment tasks 

more closely resemble the criterion activity fo r which performance is to he predicted. 

I f  one's goal is to predict functioning in everyday situations, therefore, it is 

reasonable to attempt to study tasks with the greatest resemblance to the activities 

encountered in natural situations" (Salthouse, 1991, p. 129).

Although this quote by Salthouse (1991) was specifically aimed at researchers in the 

field of cognitive aging it could equally well be taken to be representative of an 

Ecological approach to the calibration of subjective probabilities. Indeed, it is the 

emphasis on the relationship between the individual, the environment, and the ability to

See Chapter Two for a discussion of the Ecologists definition of a ‘reference class’. 
See Chapter Two for a discussion of calibration models.
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make accurate confidence judgments that prompted McClelland and Bolger (1994) to 

apply the term ‘The Ecological Models’ to explanations put forward by representatives 

of the ‘Optimist’ School of thought (e.g., Gigerenzer, Hofifrage & Kleinbolting, 1991; 

Juslin, 1993, 1994) to account for frequently observed phenomena in the calibration 

literature such as the hard-easy effect.

As I discussed in Chapter Four, cognitive aging researchers have yet to agree on the 

importance of using so called ‘ecologically valid tasks’ (i.e., those which reflect the 

testee’s everyday experience) when assessing, for example, memory performance in 

older adults. However, it makes intuitive sense that using tasks which are meaningful 

are more likely to engender the optimum condition for the demonstration of cognitive 

abilities. Additionally, as some researchers point out (e.g., Kausler, 1982; Nesselroade & 

Labouvie, 1985) using ecologically valid tasks when assessing older adults, can have the 

positive effect of encouraging motivation - an important determinant of cognitive 

performance in older adults. Of course, young adults also have the potential to demonstrate 

their cognitive best when assessed by tasks which reflect evayday experience.

9.2: Aims of Experiment 5.

This present experiment is concerned with investigating the effects of using a 

calibration task which is ‘ecologically valid’ for both younger and older subjects. It has 

been argued (e.g., Salthouse, 1991) that one of the dangers of designing a task 

specifically with older adults in mind is that it may result in a bias being created against

- 197



CALIBRATION ON AN  ^EVERYDAY MEMORY* TASK

younger adults. It was necessary, therefore, to choose an ‘everyday memory’ activity 

that would be equally representative for both groups of subjects. As both young and 

old are likely to view television on a regular basis, decisions about the channels on 

which television programmes appear was chosen as the basis for the calibration task.

9.3: Predictions

9.3.1: The Ecological Hypothesis

As the stimulus items are generated from a randomized source - albeit within a 

restricted reference class (see section 9.4.2.1. below) they should recognize whether 

they know the answer to a question or not - and assign an appropriate confidence 

rating in respect of that knowledge. Both older and younger subjects should therefore 

demonstrate good calibration.

9.3.2: The Task-Difïîculty Hypothesis

Over or under confidence will be exhibited equally by both groups in direct relation to 

how easy or difficulty they find the task

9.4: Method 

9.4.1: Subjects:

Thirty older adults participated in this experiment. The age-range was 60 - 85 (mean 

age 74.10, SD 6.83) and there were 15 females and 10 males. The 30 young adults, 

who also took part, had an age range of 18 - 35 (mean age 24.57, SD 4.84) and there
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were 12 females and 13 males. All the older subjects were residents who lived in 

sheltered-housing schemes in the London Borough of Haringey and were selected 

according to the criteria described in Chapter Four, Section 4.4. The young subjects 

were either undergraduates, or post-graduates from the Department of Psychology, 

University College London, or friends and relatives. Subjects who did not have a 

television set were excluded from the study.

9.4.2: Materials:

9.4.2.1: The Everyday Memory Task - Television Viewing

A 60 item, 2AFC test, using a half-range probability scale, was constructed which 

required subjects to make decisions about television programmes that regularly 

appeared on BBCl. Subjects were instructed as follows: ^^Please tick which o f the 

following programmes you think are shown on BBCl: (for example) - a) Panorama, 

or b) What the Papers Say Following their decision subjects were required to circle 

a confidence rating of 50, 60, 70, 80, 90, or 100 percent to show how confident they 

were that they had selected the correct answer. Participants were told that 100% 

represented absolute confidence in their decision, whilst selecting 50% indicated that 

they were guessing. They were requested to attempt all questions. The relevant 

stimulus materials can be found in Appendix V.
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9.4.2.2: The Selection Procedure

The aim was to have as representative a sample as possible. However, it was necessary 

to implement a restricted reference class, before random sampling could be carried out. 

The reasons for the use of a restricted reference class and, how it was instigated, are as 

follows; The ^Daily Telegraph TV and Radio Seven-Day Programme Guide’ was 

chosen as the source for the stimulus items. The aim of the task design was to produce 

a set of items which would be representative of one week’s typical viewing on 

television. However, in order to avoid a ‘ceiling effect’ (i.e., making the task too easy) 

all ‘soaps’ e.g., EastEnders, Coronation Street, Brookside, etc. were excluded. For 

the same reason all news programmes, such as News at Ten were also left-out. As the 

task involved making decisions about programmes which regularly appeared on 

television no films or ‘one-off programmes were included either. The resulting 

programmes, of which there were 320 consisted of 80 programmes from each of the 

four channels (e.g., BBCl, BBC2, ITV/LWT, and Channel 4). Thirty programmes 

were randomly selected from the 80 choices representing each channel, to make a total 

of 120 items. These were then randomly paired to give a final set x>f 60 items. All the 

programmes included in the set appeared on television between the hours of 9am and 

11pm - Monday to Sunday.

9.4.3: Design and Procedure

As before, all older subjects were tested individually in their own homes at a pre-arranged 

time and date. Participants were put at their ease and the nature of the tasks carefully
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explained to them. All young subjects were tested individually in private cubicles in the 

Psychology Department at University College London. Along with the Television Viewing 

Task, the AH4, the Mill Hill and the Beck Depression Inventory were administered to both 

groups, and the order of presentation of the tests was randomized With the exception of 

the AH4 - which is timed - subjects were encouraged to complete the tasks at their own 

pace, but not to linger on any one item for too long. Each experimental session took 

approximately 50 minutes for the older group and slightly less for the young. At the end of 

each session the subjects were thanked for the their help, de-briefed, and paid £5.00 for 

their participation.

9.5: Results and Discussion 

9.5.1: Metacognition and Calibration

The results for the Everyday Memory task are presented in Table 9.1, and graphically in 

Figure 9.1.

9.5.1.1 The Ecological vs. The Task-Difficulty Hypothesis

It was anticipated that subjects would find this task only moderately difficult as the 

nature of the task was very familiar - all subjects having reported that they watched the 

television regularly. Surprisingly, however, both groups appeared to find the task quite 

difficult; the old achieved a mean hit-rate of only 62.81% and the young 66.83% (this 

difference was not significant; see Table 9.10). Further (as can be seen from Figure 9.1
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Table 9.1: Mean hit-rate and mean confidence for both groups of subjects in the 

‘Everyday Memory’ task. The last row indicates whether or not there was a significant 

difference in performance level between the groups (see text).

Hit-rate (%) Confidence (%)
X SD X SD

Young 66.83 10.04 74.17 9.95

Old 62.81 8.12 71.19 9.80

Sig. NS NS

Table 9.2: Calibration index scores for 

were over or under confident. The last 

significant difference in performance level

both groups. The degree to which subjects 

row indicates whether or not there was a 

between the groups (see text).

Calibration Over/under (%)
X SD X SD

Young .0430 .0369 7.34 11.32

Old .0422 .0349 8.38 11.57

Sig. NS NS
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panel) for che old and young subjects in the 'Everyday Memory' cask (Experiment 5)
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both groups exhibited significant overconfidence; the old group by 8.38% (t (29) = 

3.93, p<.001) and the young group by 7.34% (t (29) = 3.55, p<.001). The difference 

in mean hit-rate between the two groups was not significant, nor was there any 

difference in their mean calibration or mean over/under confidence scores. What is 

interesting is that the young group, in particular, obviously believed that they would 

find the task relatively easy as they adopted an average confidence rating of 

approximately 74% - higher than had been seen in the young group on previous 

calibration tasks (with the exception of Experiment 1). The mean confidence rating 

used by the younger group also contrasted with that of the older group, who, although 

maintaining a fairly confident 71.19%, were actually slightly less confident than they 

had been in the other experiments; however this difference was not significant (see 

Table 9.1). In line with the previous experiments, these results provide support for the 

Pessimist School, as the subjects - irrespective of age - once again appeared to respond 

systematically to task-difficulty. These findings mean that once more, the Ecological 

hypothesis has to be rejected.

9.5.2: Correlational Results

Matrices of Pearson’s product moment correlation’s between subjects’ scores on all tasks, 

together with their ages, are presented in Table 9.3 and Tables 9.4.
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9.5.2.1: Metamemoiy, Memory and Ciystallized and Fluid Intelligence 

The Older Group

For the first time, memory performance - as measured by hit-rate on the TV task (TV- 

HR) - did not correlate with fluid intelligence (AH4 scores) in the older group. This 

may be an indication that using an everyday memory task does in fact require different, 

less demanding processing than tests which are not relevant to, or typical of, the older 

persons general experience. Mill Hill scores also did not correlate significantly with 

memory performance (TV-HR) although a positive relationship was indicated. This 

again appears to suggest that everyday memory requires less input from fluid and 

crystallized abilities. The strong significant relationship between the AH4 and the Mill 

Hill (r = .728, p<.001) is consistent with previous findings in the current thesis. 

According to Rabbitt & Abson (1990) such a relationship is typical of findings from 

large elderly samples. Neither crystallized nor fluid intelligence appeared to play any 

role in calibration performance. The correlation between Mill Hill scores and TV-CI 

was .033, and the correlation between AH4 scores and TV-CI was .010. Although, 

intuitively, one would expect hit-rate and the assignment of subjective probability 

ratings to be related, the correlation within the older group was not significant. Fluid 

intelligence scores revealed a significant, negative, relationship with age (r = -.501, 

p< 01) typical of cross-sectional findings from research with older adults which show a 

sharp decline in fluid intelligence performance with increased age (e.g., Rabbitt, 1991).
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Table 9.3: The correlations observed in the Older Group between scores on the 

‘Everyday Memory’ task (TV-CI), hit rate on the Everyday Memory task (TV-CI), the 

AH4, the Mill Hill (MH), the Beck Depression Inventory (BDI), and Age.

TV-CI AH4 TV-HR MH BDI

AH4 .010

TV-HR -.294 .262

MH .033 .728»** .351

BDI .076 -.088 .018 -.103

AGE .272 -.501** -.209 -.280 .084

Table 9.4: The correlations observed in the Younger Group between scores on the 

‘Everyday Memory’ task (TV-CI), hit rate on the Everyday Memory task (TV-CI), the 

AH4, the Mill Hill (MH), the Beck Depression Inventory (BDI), and Age.

TV-CI AH4 TV-HR MH BDI

AH4 -.088

TV-HR -.062

MH -.343 .49(T 468*'

BDI -.325 -.064 .181 .019

AGE -.078 .217 .172 .557** -146
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9.S.2.2: Metamemory, Memory and Crystallized and Fluid Intelligence 

The Younger Group

While scores on the Mill Hill did correlate significantly with memory hit-rate (TV-HR) 

in the young group (r =.468, p< 01), fluid intelligence played no role in memory 

performance, as one would predict (see Chapter Four). Again fluid and crystallized 

intelligence performance was significantly correlated (r = .490, p< 01). No relationship 

was found between AH4 scores and calibration performance, but although not quite 

significant, a negative relationship was observed between Mill Hill scores and TV-CI 

scores indicating that the higher the crystallized ability the better the individual was on 

the TV calibration task (r = .343). Calibration performance and TV-hit-rate were 

significantly (negatively) correlated for the young group however, showing that the 

higher their hit-rate the better calibrated they were. As would be expected, there was 

no relationship between fluid intelligence and age. However, consistent with findings 

in the previous four experiments, a significant relationship was observed between 

crystallized intelligence scores and age(r =.557, p<01).

9.5.3: BDI Scores - Both Groups

As stated in Chapter One, a number of cognitive aging researchers (e.g., Hultsch, 

Hertzog, & Dixon, 1987; Rabbitt, 1991) believe that it is important, particularly where 

older adults are concerned, to consider the role that poor self-esteem or depression 

may have on metacognitive performance. For this reason scores fi'om the Beck 

Depression Inventory (BDI) were correlated with calibration index scores (TV-CI).
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No significant relationship was found, however, between BDI ratings and calibration 

performance for either group.

9.6: Conclusions

Clearly there is no support for the hypothesis that using an ecologically valid task will 

encourage good calibration (the Ecological Hypothesis). Indeed, the fact that subjects 

were overconfident even though they found the task hard, only serves to provide 

fiirther support for a Pessimistic, cognitively based, view of the decision making 

process. Thus individuals seem to be inherently bad at making subjective probability 

judgments, characteristically demonstrated by subjects selecting inappropriate 

confidence rating - i.e., ones that do not realistically reflect the ease or difficulty of the 

task. This was clearly demonstrated by the younger group in this experiment, who 

maintained an optimistic mean confidence rating of 74.3%, even though their hit-rate 

was some 7% lower. However, the fact that relatively high mean confidence ratings 

were adopted by both groups of subjects, along with the finding that there was no 

significant difference between young and old in terms of hit-rate, suggests that the aim 

of designing a task of equal ecological validity for both old and young adults was 

successfiil.
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Chapter Ten

Metamemory, Aging, And The Calibration Of Subjective 

Probabilities: Summary And Conclusions 

10.1: Introduction

In this thesis, the metacognitive abilities of younger and older adults was examined, in 

order to determine whether metacognitive performance - as indexed by the ability to 

make realistic confidence judgments - changes as a function of age. In Chapter One, 

some of the methodological problems associated with the more traditional methods of 

assessing metacognitive fiinctioning were highlighted, particularly in relation to 

metamemory questionnaires, and it was concluded that an alternative, more 

sophisticated technique - namely the calibration of subjective probabilities - may 

provide a better insight into this ability than has previously been attained. The views of 

the two main (rival) schools - the Ecologists and the Pessimists - regarding the 

processes underlying probabilistic reasoning were presented, and the experimental 

hypotheses were formulated in accordance with the models engendered by the two 

schools. The conclusions that can be drawn from the experimental results will now be 

discussed; firstly in relation to the models concerned with the locus of bias observed in 

calibration tasks, and then with regard to metamemory and aging. Finally, a new 

approach to understanding patterns of miscalibration will be examined, and the
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implications of such research for both existing models of calibration, and future 

investigations, will be considered.

10.2: Metacognition, and the Calibration of Subjective Probabilities

According to proponents of the Pessimist School, the critical factor in determining over 

or underconfidence is the level of performance on a task, as indexed by hit-rate. The 

Pessimists maintain that errors in probabilistic reasoning occur because people have an 

inherent bias in their own inferential reasoning, and most commonly appear to be 

overconfident about the knowledge they possess. The observed results from the five 

experiments appear to support this thesis, in that both younger and older adults 

exhibited over- or underconfidence in direct relation to task-difficulty on a range of 

decision-making tasks. The fact that changes in overall performance affected the 

over/underconfidence of both age groups in a similar manner appears to suggest, at 

first glance, that metacognitive ability is in fact unimpaired in older adults. This does 

not of course mean that older adults are necessarily well-calibrated, but that their 

calibration performance varies as a function of task-difficulty in the same manner as 

that observed in younger adults.

In order to establish this finding, I decided to carry out a meta-analysis using 

experimental condition as the unit of analysis. A summary of the results obtained in 

each condition is presented in Table 10.1. This analysis revealed that over the 16 

experimental conditions reported in this thesis (eight with young subjects, eight with

210



I able  10.1: M e an  b i l - ia le ,  coi indeiice,  and  ove r /nnderconf idence  in (he sixteen ca l ib ra t ion  tasks.

K)

Task llit-rate % Confidence % Ovei/undei ' %

Young Old Young Old Young Old

Episodic  M e m 01^  l ask (1) 86.13 65.60 76.63 79.04 -9.51 13.40

S em an t ic  M e m o ry  l ask (1) 86.40 89.33 86.35 90.72 -0.05 1.39

Episodic  M e m o iy  l ask (2) 77.02 60.72 72.70 70.30 -4,33 9.54

S em an tic  M e m o ry  T ask  (2) 60.24 70.57 67.92 80.14 7.68 9.57

G e o g ra p h y  A rea 69.80 67.27 70.03 73.12 0.23 5.85

G e o g ra p h y  Popu la tion 73.50 68.73 68.71 75.37 -4.79 6,63

G e o g ra p h y  P opu la tion 62.48 60.80 68.30 71.33 5.82 10.53

Television P ro g ra m m e s 66.83 62.81 74.17 71.19 7.34 8.30

%
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older subjects) the old were, overall, more overconfident than the young [8.16% vs.

0.30%; t (14) 3.06, p < 01]. They had a lower mean hit-rate than the young (68.23% 

vs. 72.80%) and a higher mean confidence (76.40% vs. 73.10). However, neither of 

these differences was significant, and whilst the observation of greater overconfidence 

being associated with lower performance is consistent with the notion that task- 

difficulty is the key variable, it does not rule out the possibility that there is an 

additional age component (or indeed an interaction between hit-rate and age) which 

contributes significantly to the observed over/underconfidence scores observed in the 

16 experimental conditions.

To investigate this possibility, a hierarchical regression analysis was employed to 

determine if the addition of information regarding age group (dummy coded: young =

1, old = 2) and the interaction between hit-rate and age group improved the prediction 

of over/underconfidence beyond that afforded by hit-rate alone.

At step one, with hit-rate alone as the predictor variable, the regression accounted for 

53.8% of the variability in over/underconfidence scores (R^dj = 50.5%) which was 

significant F(l,14) = 16.29, p<.001. At step two, age group was added to the 

equation, and the value increased by 21.8% to 75.6% (R% = 71.8%). The overall 

regression was significant, F(2,13) = 20.09, p< 001, and a partial F-test revealed that 

the addition of the age group variable significantly improved the prediction of the 

over/underconfidence scores, F(l,13) = 11.56, p< 01. At step 3 the age group x hit-
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rate interaction was included in the equation. Again, the overall regression was 

significant, F(3,12) = 13.99, p<.01, but the value only rose by 2.2.% to 77.8%, and 

the adjusted value by only 0.4% to 72.2%. A partial F-test on the interaction term 

revealed that this increase was not significant F(l. 12) = 1.19, p > 30.

The results from the regression analysis suggest that the over/underconfidence scores 

are well described by a two factor, additive model. Hit-rate and age group together 

account for 75 .6% of the observed variability in the over/underconfidence scores (the 

multiple correlation coefficient = 0.87). As the interaction term was not significant, 

this indicates that the regression lines relating hit-rate to over/underconfidence have the 

same slope in both young and old age groups, but have different intercepts. By 

substituting the group codes in the multiple regression equation, the equations for the 

young and old groups can be derived.

The equations are as follows;

Young: Over/underconfidence = 30.27% -0.412 Hit-rate 

Old: Over/underconfidence = 36.24% -0.412 Hit-rate

This finding reinforces the notion that younger and older adults respond in the same 

manner to changes in hit-rate, but that the old are approximately 6% more
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Figure 10.1: Plot of over/underconfidence scores as a fimction of proportion correct 

(hit-rate) for the sixteen tasks in Table 10.1. The fitted regression lines are also shown 

(see text).
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overconfident at any given level of performance. The results from the 16 separate 

experimental conditions are presented in Figure 10.1. It should be noted that the 

greater overconfidence observed in the older group cannot be explained simply in terms 

of poorer overall performance (i.e., a lower hit-rate) in comparison to the young. If 

this were the case, then one would expect the scores of both the old and the young to 

be well-described by a single regression line with the points representing experimental 

conditions for the older group being clustered towards the lower end of the hit-rate 

scale (showing overconfidence), while the points for the younger subjects would be 

clustered towards the higher end of the scale (showing good calibration or 

underconfidence). However, inspection of Figure 10.1 reveals that although there is a 

tendency towards this pattern, a single regression line does not provide a satisfactory 

description of the data; two parallel regression lines are needed.

10.2.1: Pessimistic Vs. Ecological Explanations for the Hard-Easy Effect

The observance of a hard-easy effect across the sixteen conditions provides further 

support for the Pessimist School, and a cognitive-bias based view of probabilistic 

reasoning. The Ecological School might contend however, with some justification, 

that the hard-easy effect occurred because the stimulus materials used were not 

randomly generated, and were from a non-normative class. A non-normative reference 

class is one in which there is an over-representation of items which have cues with low 

sample validity (‘Svs’) and lead to the wrong answer, at the expense of those items 

with cues which have high ecological validity (‘Evs’) and lead to the right answer:
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^'whenever we form a normative reference class in a w’ay that makes the Svs deviate 

from the Evs, there will be an impression o f bias and a hard-easy effect^ (Juslin, 1993 

p.60). But, if this were the case, and there was an over-representation of misleading 

items, then both groups of subjects should have responded in the same way. On the 

contrary, it appears that the subjects in fact responded to was how easy or hard they 

found each task.

The Episodic Memory task in Experiment 1 is an excellent demonstration of this 

difference in group responsiveness, with a classic hard-easy effect being observed 

across the two groups. The older group found the task hard (mean hit-rate 65.60%) 

and produced significant overconfidence, the younger group, by comparison, found the 

task easy (mean hit-rate 86.13%) and exhibited significant wnc/erconfidence (see Table 

10.1). Remember, these differing levels of miscalibration were produced in response to 

exactly the same materials - indicating that, regardless of how the stimulus items were 

generated - it was whether or not the individuals found the task easy or hard that 

determined the over- or underconfidence, and not the representativness, or otherwise, 

of the stimulus items. Not only were these results replicated in Experiment 2 with the 

second Episodic Memory task, but the hard-easy effect was apparent throughout all 

sixteen conditions. Most significantly, this included the randomly generated Geography 

Population task which had been specifically tailored to meet the criteria which the 

Ecological School maintain should eliminate the hard-easy effect. Such results make it 

difficult to support an Ecological approach to the realism of confidence. But this lack
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of support may not be so surprising when one examines the Ecological School’s own 

endeavours to demonstrate their treatise. Take for example the experiment described 

in Chapter Seven, where Gigerenzer, Hofffage and Kleinbolting (1991) predicted that 

overconfidence would disappear if task-items presented to subjects were randomly 

sampled from a representative reference class (cities in West Germany). Gigerenzer et 

al. also hypothsized that if the same group of subjects were given a ‘typical set’ of 

general knowledge questions (e.g., who was bom first a) Buddha or b) Aristotle) then 

they would exhibit overconfidence. That both of these predictions were supported was 

attributed by Gigerenzer et al. to the use of questions that were representative versus 

those that were selected.

However, what Gigerenzer, Hoffrage and Kleinbolting (1991) appear to overlook is 

the fact that the selected-item general knowledge task was considerably harder than the 

representative city task (hit-rate 52.9% vs. 71.7% respectively), and therefore that the 

overconfidence may have been the result of task-difficulty rather than item-selection. 

Ironically, Gigerenzer et al. did investigate the possibility that the overconfidence may 

have occurred because of the differing content domains of the two sets of questions. In 

order to rule out this possibility, they gave subjects a third set of questions made up of 

items from the first two tasks, in which the level of difficulty had been ‘matched’. This 

was achieved by determining the item-difficulty for each of the 50 general knowledge 

questions and selecting a subset of 50 city questions with the same level of difficulty. 

Gigerenzer et al. then predicted that if the difference in calibration was not a result of
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the content difference, but of the selection procedure, then overconfidence should 

persist. This was indeed the case, with significant overconfidence being exhibited by 

the subjects. Gigerenzer et al. failed to appreciate that by matching item-difficulty they 

correspondingly made the third task-harder, thereby confounding item selection with 

task-difficulty once again.

The confound of task-difficulty and item-selection is also evident in Juslin’s (1994) 

experiment in which he attempted to demonstrate that overconfidence was a result of 

the use of an unrepresentative reference set. As in Gigerenzer at al’s (1991) 

experiment, subjects found the ‘selected’ set harder than the randomly generated set 

and as a result exhibited overconfidence (see Chapter Eight).

It seems that whilst the Pessimists can support their case by demonstrating, with 

comparative ease, the significance of hit-rate in determining over- or underconfidence, 

the Ecological School have far more difficulty supporting their case. This is essentially 

a result of them being unable to eliminate the effect of hit-rate on calibration 

performance. In light of this state of affairs, it seems that the most prudent course is to 

argue for parsimony and support the Pessimist School and their position on 

probabilistic reasoning.

The behaviour of the younger subjects in particular (i.e., in their production of a hard- 

easy effect) is entirely in line with a ‘Pessimistic’ account of bias in subjective decision
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making - and is sufficiently well documented for it not to be discussed further here (see 

Keren, 1992; Lichtenstein Fischoff and Phillips, 1982; and McClelland & Bolger, 1994 

for reviews). However, the Pessimist’s approach to probabilistic reasoning does not 

entirely account for the pattern of results produced by the older group - i.e., the 

significantly higher degree of overconfidence they exhibit at any given level of 

performance. In an attempt to understand this result, the three models presented in 

Chapter Two as being representative of the Pessimist School, are briefly re-examined 

below.

Griffin & Tversky’s (1992) Strength and Weight Model, Ferrell & McGoey’s (1980) 

Signal Detection Theory approach, and Kahneman & Tversky’s (1982) Heuristics and 

Biases programme, are all based on the premise that over/underconfidence is the result 

of cognitive bias in the individual. The Strength and Weight Model attributes 

overconfidence to the tendency of the individual to focus on the strength of 

information at the expense of the weight, whilst Ferrell & McGoey (1980) and 

Kahneman & Tversky (1982) ascribe miscalibration to the individual’s failure to adjust 

internal response criteria appropriately (see below). Because Griffin and Tversky 

(1992) discount the notion that task-difficulty is the chief explanation for 

overconfidence,^ it is the latter two models which seem most likely to hold the 

explanation for the over overconfidence shown by the old.

See McClelland and Bolger (1994) for a review of Griffin and Tversky’s (1992) model.
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Ferrell and McGoey (1980) view decision making in mathematical terms; the 

discrimination between true and false statements in a calibration task involving a 

detection process (described in terms of signal detection theory), and the 

corresponding assignment of a numerical probability value. In contrast, Kahneman and 

Tversky (1982) believe that when making probability judgments individuals rely on a 

variety of cognitive heuristics to help them assign confidence ratings. Although they 

view the process by which the confidence rating is arrived at differently (see Chapter 

Two), they both have in common the belief that miscalibration is the result of the 

individuals’ failure to adjust internal response criteria sufficiently when they come 

across a task that is either easier or harder than they anticipated. For example, when 

faced with a ‘laboratory’ calibration task a subject may choose a set of response criteria 

which reflect a task that they believe is likely to be of intermediate difficulty - such as 

75%. When answering an item that they perceive as either easier or more difficult than 

anticipated, they either fail to adjust their criteria s(or adjust accordingly - but not 

sufficiently) and this leads to over- or underconfidence respectively (Keren, 1992). 

Hence the appearance of the hard-easy effect in response to item-difficulty.

The ‘failure-to-adjust’ hypothesis described above, and adhered to by both the models, 

adequately explains the differing levels of miscalibration exhibited by the young and old 

subjects on individual tasks. However, although both groups of subjects did show 

evidence of a failure to respond to task-difficulty, it seems that the older group were 

worse at responding to changes in task-difficulty than the young. This is evidenced by
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their maintenance of a 76.40% mean confidence level across all eight conditions, 

despite having an average hit-rate of only 68.23%. Neither of the accounts provided 

by the two models seems to be able to explain the behaviour of the older group. This 

may be because the processes underlying subjective probability judgments are affected 

by aging, and none of the models in the calibration literature appear to have given 

consideration to this possibility. Short of the formulation of a new model of calibration 

which takes into account the possible effects of age, a way of resolving the situation 

may be to appraise the observed results in terms of an alternative approach to 

understanding patterns of subjective decision making that has recently emerged - i.e., 

the role of random error components in human judgment. However, before this 

research is examined, the implications of the present findings will be considered from a 

cognitive aging perspective.

10.3: Aging and Metamemory

In Chapter One, I presented an overview of the literature concerned with metamemory 

and aging in terms of three main types of metamemorial ability: i) Memory knowledge; 

ii) Memory beliefs; and iii) Memory monitoring. It is with the latter category that the 

present research has been particularly concerned with, most especially in terms of the 

ability of the older individual to monitor the availability of information in memory, 

because this involves similar processes to that required in subjective-decision making 

(such as an awareness of when retrieval from memory has been successful). The role of 

memory beliefs was also examined however, particularly in terms of the self-efficacy of
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the individual. Because of inconsistencies in the literature regarding the effect that 

aging has on metacognitive functioning, it was decided that a way of gaining greater 

insight into factors affecting metamemorial performance - such as self-efficacy and 

memory monitoring - would be to employ a calibration technique. The outcome of this 

exercise, and the influence of crystallized and fluid intelligence on metamemorial ability 

will now be discussed.

10.3.1; Calibration and Memory Self-efficacy

It has been suggested by a number of researchers that older adults perform more poorly 

on many cognitive tasks because of reduced self-efficacy (e.g., Bandura, 1989; Dixon 

& Hultsch, 1983b; Hultsch, Hertzog & Dixon, 1987) which may for example, manifest 

itself as cautiousness. However, the performance of the older group across the eight 

conditions, in terms of their significant overconfidence, appears to contradict the 

notion that older adults have poor self-efficacy. There was no evidence to suggest that 

older adults have any less confidence than the young in their own memory processes, and 

they certainly did not appear to exhibit cautiousness to any obvious degree in the use of 

their confidence rating scales when completing the calibration tasks. Not only do these 

results support Baron and LeBreck’s (1987) finding that older adults are no more cautious 

than the young, they in fact suggest that the old are less cautious. Clearly the hypotheses 

that older adults perform more poorly than the young in cognitively demanding 

situations - because they perceive themselves as being less efficacious on cognitve tasks 

- cannot be substantiated.
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10.3.2: Calibration and Memory Monitoring

However, this lack of cautiousness may be attributable - not to older adults having an 

inflated belief in their own memorial abilities - but to a failure of another metamemorial 

function. This brings us to the second hypothesis to be examined: namely that age 

affects the older person’s ability to monitor the availability of information in memory. 

Determining whether older adults are proficient at memory monitoring is clearly crucial 

when evaluating their performance on cognitive tests; it has therefore been investigated 

by many researchers (e.g., Devolder, Brigham, & Pressley, 1990; Perfect & Stollery, 

1993; Shaw & Craik, 1989). For example, the importance of memory monitoring can 

be seen when subjects are required to complete an episodic memory task for items 

learned incidentally. In order to choose between old versus new items, the subject has 

to make a decision as to whether or not the retrieval of a particular item in memory has 

been successful. Proficient memory monitoring will enable them to discriminate 

successfully between answers that are correct and those that are incorrect. Based on 

that judgment, a confidence rating is then assigned, which reflects their belief that they 

have chosen the right answer. If, however, a decline in memory monitoring ability 

means that they underestimate the degree to which their memories have deteriorated, 

then their decision making ability will be at fault. As a result they may assign a 

confidence rating that is higher than is appropriate for that particular task item - leading 

to the appearance of overconfidence. This cognitive aging perspective of metacognitive 

deficiency is entirely analogous to a Pessimistic view of subjective probability 

reasoning, but attributes overconfidence not to an unwarranted belief the individual has
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in the ability to make decisions, but to the failure of the individual to monitor their own 

memories efficiently.

The exhibition of overconfidence shown by the old in the present set of experiments is 

not inconsistent with previous research which has found that older adults have a 

tendency to overestimate their memory performance. A number of researchers have 

attributed this overconfidence to lack of task familiarity (e.g., Cavanaugh, 1990; 

Lovelace & March, 1990); older individuals are less likely than the young to have had 

recent experience with memory tasks and as such will underestimate the difficulty of 

the task. However, while there may be some truth to this explanation, it does not 

account for why the young also exhibited overconfidence with harder tasks, albeit to a 

lesser degree. The question thus remains, as to what this apparent change in 

metacognitive efficiency can be attributed.

10.3.3: Calibration and Crystallized and Fluid Intelligence

Because the main aim of this research was to investigate metamemory and aging, a 

number of other factors of particular relevance to the older individual (and which may 

influence metacognitive functioning) were investigated. These included the effects on 

intellectual functioning that occur as a result of degenerative changes to the central 

nervous system, and the use of measures, such as fluid and crystallized tests, to gauge 

such changes. Following Rabbitt and Abson (1991), it was suggested in Chapter Five 

that preservation of one or both of these abilities may have a positive influence on
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metacognitive performance and as a result a hypothesis was formulated which took 

account of that factor. The Insight Hypothesis predicted that older adults, as a result of 

an increased level of metamemorial knowledge (akin to crystallized intelligence), should 

have a more realistic perception of the reliability of their own memories. As such, they 

should recognise that some tasks would be more difficult than others; for example, that an 

episodic memory task would be harder than a semantic memory task. As a result, they 

should be more discerning about their assignment of confidence ratings, and perhaps avoid 

the overconfidence most commonly exhibited in calibration tasks.

Confirmation of the fact that crystallized intelligence remains comparatively unscathed 

with increasing age was evident from Mill Hill test scores. The mean Mill Hill test 

score for the old group (across all five experiments) was 28.17 whilst the mean score 

for the young group was 26.08̂ '̂ . However, no evidence of any relationship was found 

between crystallized intelligence and the ability to make pertinent metacognitive 

judgments (as measured by calibration index scores) with the exception of Experiment 

2. Here, scores on the Semantic task (used as a gauge of crystallized intelligence in 

this case) correlated significantly negatively with calibration scores on the Episodic 

task (r = -.374, p<05) and with calibration scores on the Semantic task ( r = -. 373, p 

<.05) (see Table 6.5). However, scores on the Semantic task also correlated

The fact that the older group had an average Mill Hill score that was only two points higher than 
the young groups might seem unusual as crystallized intelligence is supposed to be augmented with 
age. However, in all of the five experiments, a strong significant correlation was found within the 
young group between age and crystallised ability, which may have been a result of the relatively large 
age-range of the young subjects (18-38). This would make the effect of age and crystallised 
intelligence appear less noticeable when comparing the mean scores of the two groups.
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significantly negatively with Semantic calibration performance for the young group in 

this experiment (r = -.638, p<.01), thus making it difficult to conclude that crystallized 

ability played a particularly important role in the performance of the old group. In 

other words, there was no evidence to suggest that there was any relationship between 

crystallized intelligence and metacognitive ability. This finding, compounded with the 

fact that the old were consistently overconfident - regardless of the task - means that 

no support could be found for the hypothesis that a consolidation of knowledge gives 

older people a higher level of memorial insight than the young.

Rabbitt and Abson (1991), following an investigation into the role crystallized intelligence 

played in the individuals ability to predict their performance on four simple memory tasks, 

also concluded that there was “«<? evidence to suggest that 'metamemory ’ is a 'crystallized 

ability ’ which remains constant or improves in old age"̂  (p. 149). They observed rather, 

that age-related changes in fluid intelligence were more consequential in determining the 

individuals ability to make accurate assessments about their objective performance.

This finding is very much in line with Bromley’s (1988) proposal that metacognitive 

functioning should be thought of as being more akin to fluid rather than crystallized 

intelligence, because it is non-automatic and relies on cognitive mechanisms such as 

attention, mental effort and speed of processing. As such, metamemorial ability, like 

fluid intellectual ability, is likely to decline with age. Although no comparisons were 

made between groups in order to determine changes in fluid intelligence, the
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performance of the old was considerably worse than the young. The total mean score 

for each of the groups across the five experiments indicates that the old on average had 

a score which was less than half that of the younger group’s (41.85 and 93.24, 

respectively). However, despite an obvious deterioration in this capacity, in only two 

of the experiments was any significant relationship indicated between fluid intelligence 

and calibration index scores. In Experiment 1, AH4 scores correlated significantly and 

negatively with calibration index scores on the Episodic calibration task (r = .654, 

p<.01), and in Experiment 2, AH4 scores correlated significantly and negatively with 

scores on the Semantic calibration task (r = .384, p<.05). However, the lack of a 

relationship between these two measures of scores in any other experiment suggests 

that fluid intellectual ability does not play a vital role in determining metacognitive 

ability.

The lack of an obvious relationship between fluid and crystallized intelligence and 

metacognitive ability is perhaps counter-intuitive given the changes that take place in 

intellectual capacity with age. However, this does not mean to say that metacognitve 

ability is not detrimentally affected by changes to the central nervous system. It may 

be rather, that metamemorial functioning, as indexed by calibration performance, 

operates quite independently of intellectual ability, and thus changes to ‘neural 

efficiency’ are not detected when the relationship between these factors is investigated. 

The possibility that the greater overconfidence of the older group can be attributed 

simply to ‘noise’ in the neural system comes from a new approach to understanding
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patterns of subjective decision-making which has recently emerged. A number of 

researchers are now investigating the role of random error components in human 

judgment (e.g., Erev, Wallsten and Budescu, 1994; Juslin, 1995; Soil, 1996) and it is 

possible that may be a more fruitful way forward than either extant models of 

calibration or a more traditional cognitive aging approach, in explaining the greater 

overconfidence found in the older group.

10.4: Metamemory, Aging, and the Role of Random Error.

In a recent paper, Erev, Wallsten and Budescu (1994) observed that in the domain of 

human judgment there are two well-documented empirical phenomena which appear to 

directly contradict one another. The first is the common observation of overconfidence 

in calibration experiments (which has been discussed at some length in this thesis). The 

second is the fact that when individuals are asked to estimate the probabilities of 

hypotheses, following the observation of data^ ,̂ their estimates are generally less 

extreme than values calculated using Bayes’ Theorem (see Fischoff & Beyth-Marom, 

1983, and Rapoport & Wallsten, 1972, for reviews of the revision-of-opinion 

literature). This underestimation of correct probability values has been termed 

‘conservatism’. The question is; why should individuals be overconfident in one 

paradigm, but underconfident (i.e., demonstrate conservatism) in the other?

Subjects observe data (e.g., a sample of balls) from one of two well defined generators (e.g., urns of 
known compositions) with stated prior probabilities, and estimate the posterior probabilities of the 
generator in use.
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According to Erev et al. (1994) the answer may lie in the type of data analysis that 

typically accompanies each paradigm. They point-out that in the revision-of-opinion 

case Objective Probability (OP) is independently defined (i.e., derived from Bayes’ 

Theorem). Subjective Probability (SP) judgments have therefore been investigated as a 

function of OP; i.e., SP =y(OP). In contrast, because OP is not independently definable 

in the calibration paradigm (i.e., the hit-rate cannot be computed independently of a 

subject’s performance) investigators have looked at OP as a function of SP [OP = 

g(SP)]. The apparent conflict arises, according to Erev et al. because/ #  Vg-, but rather 

both /an d  g  are regressive. They suggest that subjective probability judgments have an 

error component associated with them (an idea which can be traced back to Thurstone, 

1927) and thus the variables under consideration are not perfectly correlated. An 

analogous situation arises in simple linear regressions, where the regression line for 

predicting x from y is not the same as that for predicting Y for X - except in the case 

where the correlation between X and Y = 1.0. Erev et al. suggest that observed over 

or underconfidence (conservatism) might thus be a statistical consequence of how the 

data have been analysed. It should also be noted that the notion of a random error 

component association with the overt response is independent of a) the underlying 

cognitive model proposed to explain the judgment process and b) the accuracy of the 

true underlying judgment.

To investigate the effects of random error on judgment, Erev, Wallsten and Budescu

(1994) developed a simple stochastic model which they implemented as a computer
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simulation. They derived predictions from the model for three distributions of ‘correct’ 

objective probabilities (uniform, U shaped and W shaped) and for four error variances. 

Critically the assumption was made that the true subjective probabilities were always 

correct - i.e., simulating the results for a perfectly calibrated subject. The output from 

the simulations were then used to generate S curves (OP as a function of SP)acvtXO 

curves (SP as a function of OP)^ ,̂ for the 12 conditions (3 distributions x 4 error 

variances). They found that in all cases, there was simultaneous overconfidence for the 

S curves and underconfidence for the O curves.

Of particular importance to the present discussion is not so much the finding of 

simultaneous over- or underconfidence depending upon how the data was analysed, but 

the fact that as the variance of the random error component increased, apparent 

overconfidence also increased when OP was a function of SP (and conversely, 

underconfidence increased when SP was a function of OP) This result may provide an 

explanation for the current finding of greater overconfidence in the old than the young 

at any given level of task-difficulty. If one simply assumes that judgments become 

‘noisier’ with age (i.e., the variance of random error component is larger in the old than 

the young) then greater apparent overconfidence in the old would be predicted - even 

with the assumption that the true values are unaffected. Thus, it is possible that the 

cognitve mechanisms underlying calibration performance are unaffected by age, but the 

responses are perturbed by a more variable error component.

In Erev, Wallsten & Budescu (1994) Figure 5, p.525, they curves are mislabelled.
_ _
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As a corollary, greater conservatism or underconfidence would be predicted in older 

adults on revision-of-opinion tasks. To the author’s knowledge, the effects of aging on 

performance in such tasks has not yet been investigated and this remains an intriguing 

area for future research.

It was noted earlier that the effects of random error in judgment are independent of the 

putative mechanism underlying the judgment. Budescu, Erev, Wallsten, & Au (1995) 

developed a technique for analyzing the random component in order to determine 

whether an individual’s underlying judgment is genuinely under or overconfident - or 

well calibrated. The model was a development of one proposed by Wallsten and 

Gonzalez-Vallejo (1994) called the Stochastic Judgment Model (SIM) which is in the 

same class of models as Ferrell and McGoey’s (1980) Signal Detection Model.

All 40 subjects tested by Budescu et al., (in a full scale calibration task) appeared to be 

overconfident at the response level. However, after applying the model to take into 

account the regressive effects of random error, Budescu et al. concluded that two 

subjects had well-calibrated true judgments, two were genuinely underconfident and 

the vast majority (34) were genuinely overconfident (no assessment was possible for 

two subjects). Thus, on the basis of a model from the Pessimist School, the conclusion 

was reached that most individuals appear poorly calibrated at least partly as a result of 

a genuine bias towards overconfidence.
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The role of random error has also been investigated by proponents of the Ecological 

School (e.g., Juslin, Olsson & Bjorkman, 1995; Soil, 1996). For example Juslin et al. 

reported an evaluation of 25 calibration tasks conducted with representative sampling 

carried out in their laboratory^ .̂ They noted that although over/underconfidence was 

reasonably close to zero in most task domains (range -8% to +10%, and similar to the 

range observed in the current experiments) there was a hard-easy effect present across 

the tasks which was unaccounted for by the assumptions of PMM theory (Gigerenzer, 

Hofifage & Kleinbolting, 1991). Juslin et al. fitted a regression line to this date which 

accounted for 61% of the variance and obtained the following equation;

Over/Underconfidence = 32% -0.46 Hit-rate

This result is strikingly similar in terms of both intercept and slope to the equations 

reported earlier in this chapter. Juslin et al. also sought an explanation for this hard- 

easy effect in terms of response error. They assumed that the internal probabilities 

mirrored the ecological probabilities (a fundamental assumption of PMM) but that the 

overt expression of the internal probabilities as subjective probabilities is perturbed by 

random error. In a similar manner to Erev, Wallsten and Budescu (1994), Juslin et al. 

implemented their ideas in a computer simulation, and obtained almost identical results; 

in particular apparent overconfidence which increased as the size of the error variance 

increased. Finally, they attempted to predict over/underconfidence for different hit- 

rates using a parameter for the error variance derived from fitting the model to the data

Their subjects were undergraduate students.
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averaged over the 25 calibration tasks. The results suggested that whilst random error 

could account for part of the hard-easy effect observed it could not account for all of it 

- which complements the conclusion drawn by Budescu, Erev, Wallsten and Au

(1995).

10.5: Conclusions

The main aim of this research was to investigate whether metacognitive ability changes 

as a fimction of age. In light of the evidence presented and discussed above, some 

conclusions will now be drawn about the effect that aging appears to have on the 

metamemorial capabilities of the older individual.

Through examination of the experimental results, it has been established that older 

adults appear to behave in the same was as younger adults when making subjective 

probability judgments, in that they respond to task-difficulty. However, the results of a 

meta-analysis also indicated that the old were consistently more overconfident than the 

young. An attempt was therefore made to explain this phenomenon in terms of the 

models proffered by two rival schools, the Pessimists and the Optimists. It was argued 

that as task-difficulty appeared to play a key-role in eliciting overconfidence, the 

Pessimists held the best explanation for the calibration performance of the two groups. 

However, neither of the models were able to account for the over overconfidence of 

the old. Because a cognitive aging perspective has been maintained throughout this 

thesis, an attempt was therefore made to understand the behaviour of the older group
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from this standpoint. But, although it was determined that the most likely 

metacognitive factor to be involved was memory monitoring ability, the higher level of 

overconfidence shown by the old was still left unexplained. Finally, an alternative 

approach was explored - the role of random error in decision making. This suggests 

that subjective probability judgments are influenced by error components, and applying 

the model’s rational to the present set of experiments, a viable explanation for the 

behaviour of the older group emerged. If as a result of degenerative changes to the 

central nervous system with age, there is a concomitant increase in ‘noise’ in the 

cognitive system this may lead to^p*<i\<irvariability in metacognitive judgments of older 

adults. The result of this will be greater apparent overconfidence when objective 

probability (hit-rate) is analysed as a function of subjective probability (confidence). It 

may therefore be the case that the old are no more biased than the young when making 

metamemory judgments, and that^he observed over overconfidence is a produce of 

increased error variance and the method of analysis

However, the question remains as to whether individuals are fundamentally well 

calibrated, or do have a bias in their judgments which is genuine - and which may 

increase with age. On the basis of Erev, Wallsten and Budescu’s (1994) work, it is 

possible that a considerable proportion of the observed overconfidence in calibration 

studies might be attributable to the effects of random error, although whether it can 

explain underconfidence at high levels of performance currently remains unclear. With 

respect to Erev et al’s model it is clear that the prediction of greater conservatism
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(underconfidence) in older adults on Bayesian revision-of-option tasks is testable, and a 

positive finding would reinforce the notion that at least part of the overconfidence 

observed in calibration tasks, and underconfidence observed in revision-of opinion 

tasks, is attributable to random error in probability judgments.

By applying Budescu, Erev, Wallsten and Au’s (1995) mathematical procedure for 

teasing apart true bias from random error to the calibration results from younger and 

older adults an estimate of the variance of the random error component within each age 

group could be obtained (with the prediction that it would be larger in the older group) 

This would also reveal whether a true bias is present, and if so, whether this bias 

changes as a frmction of age.

Even allowing that random error can account for some of the overconfidence exhibited 

by the old it may only partially explains their calibration performance. The propensity 

of this group to consistently use higher confidence ratings than warranted by their 

actual performance could potentially indicate a failure of metacognitive proficiency 

rather than merely an increase in cognitive noise. Memory decline with age is a robust 

phenomena, and through the use of calibration techniques in the present set of studies 

it has been clearly demonstrated that metacognitive fiinctioning is also susceptible to 

aging - particularly in relation to memory monitoring ability. That this change in ability 

should, counter-intuitively, be manifested as overconfidence is worthy of further 

investigation, particularly in relation to other tasks. If it were established that the old 

are genuinely overconfident about their decision making abilities this could have 

profound implications, not only for research into metacognition and aging, but also for 

the behaviour of the elderly in real-world situations, where accurate judgments of self

capability many be crucial to the well-being of the individual and to others.
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Please circle the word which you think means the same as the word in capital 

letters. Then circle a confidence rating of 50, 60, 70, 80, 90, or 100% for each 

answer. Please attempt all questions.

%
1. SENSIBLE

kind practical 50 60 70 80 90 100

2. KNOWING
attentive well-informed 50 60 70 80 90 100

3. COMPASSION
empathy tolerance 50 60 70 80 90 100

4. AUDACIOUS
brazen bossy 50 60 70 80 90 100

5. INDULGENCE
favour attraction 50 60 70 80 90 100

6. SERMON
observance homily 50 60 70 80 90 100

7. CHARISMA
magnetism candour 50 60 70 80 90 100

8. RESOLUTE
determined blunt 50 60 70 80 90 100

9. ABDICATE
resign refuse 50 60 70 80 90 100

10. ENCUMBER
burden encounter 50 60 70 80 90 100

11. VERDICT
punishment decision 50 60 70 80 90 100

12. METAMORPHOSIS
distress transformation 50 60 70 80 90 100

13. CHERISH
treasure justify 50 60 70 80 90 100

14. ACCOST
confront dispute 50 60 70 80 90 100
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15. HARDY
robust rough 50 60 70 80 90 100

16. TRAVESTY
mockery desecration 50 60 70 80 90 100

17. PARAPHERNALIA
belongings details 50 60 70 80 90 100

18. ADAMANT
unyielding unfriendly 50 60 70 80 90 100

19. SYNERGY
accord permeate 50 60 70 80 90 100

20. COURTESY
politeness courtly 50 60 70 80 90 100

21. TANGIBLE
real changeable 50 60 70 80 90 100

22. MORTIFY
humiliate displease 50 60 70 80 90 100

23. FACETIOUS
factual flippant 50 60 70 80 90 100

24. UNWARRANTED
unjustifiable unexpected 50 60 70 80 90 100

25. HEROIC
veteran gallant 50 60 70 80 90 100

26. RENEGADE
traitor recluse 50 60 70 80 90 100

27. PERSPICUOUS
articulate disobliging 50 60 70 80 90 100

28. ANALEPTIC
comforting liberal 50 60 70 80 90 100

29. PROHIBITED
forbidden expensive 50 60 70 80 90 100

30. COMPLACENT
self-satisfied unlucky 50 60 70 80 90 100
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31. BELLIGERENT
aggressive persuasive 50 60 70 80 90 100

32. INDIGENT
poor frivolous 50 60 70 80 90 100

33. TRANSPIRE
happen terminate 50 60 70 80 90 100

34. FLORID
ornate artistic 50 60 70 80 90 100

35. REGAL
renowned majestic 50 60 70 80 90 100

36. HUMANITARIAN
misanthropic philanthropic 50 60 70 80 90 100

37. FORTITUDE
endurance initiative 50 60 70 80 90 100

38. ELEGANT
refined upright 50 60 70 80 90 100

39. COALITION
alliance assembly 50 60 70 80 90 100

40. BENEDICTION
marriage blessing 50 60 70 80 90 100

41. HORTATORY
encouraging tedious 50 60 70 80 90 100

42. CANDID
outspoken eccentric 50 60 70 80 90 100

43. SEMPITERNAL
perpetual old-fashioned 50 60 70 80 90 100

44. RADICAL
extreme unusual 50 60 70 80 90 100

45. CONTRIVED
calculated unoriginal 50 60 70 80 90 100

46. PEIRASTIC
experimental clear 50 60 70 80 90 100
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47. OSTENTATIOUS
gauche flamboyant 50 60 70 80 90 100

48. TRIBUTE
covenant accolade 50 60 70 80 90 100

49. ABUNDANT
frequently copious 50 60 70 80 90 100

50. SANCTUARY
pulpit haven 50 60 70 80 90 100
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Some of the words printed below were presented in the vocabulary test 

administered to you one week ago. Your task is to decide which of the two words 

was present in that first test. Please give a confidence rating of 50, 60, 70, 80, 90, 

or 100% for each answer. Please attempt all questions.

%

I. Mortify Enthrall 50 60 70 80 90 100

2. Intrigue Knowing 50 60 70 80 90 100

3. Hortatory Hallowed 50 60 70 80 90 100

4. Base Accost 50 60 70 80 90 100

5. Trustful Candid 50 60 70 80 90 100

6. Artistic Regal 50 60 70 80 90 100

7. Falter Encumber 50 60 70 80 90 100

8. Maternal Humanitarian 50 60 70 80 90 100

9. Tincture Resolute 50 60 70 80 90 100

10. Desirable Paraphernalia 50 60 70 80 90 100

11. Scandal Verdict 50 60 70 80 90 100

12. Hardy Devoutly 50 60 70 80 90 100

13. Pliable Abundant 50 60 70 80 90 100

14. Singular Indigent 50 60 70 80 90 100

15. Complacent Nomadic 50 60 70 80 90 100

16. Sanctuary Treacherous 50 60 70 80 90 100

17. Charisma Clemency 50 60 70 80 90 100

18. Admonish Adamant 50 60 70 80 90 100

19. Specious Ostentatious 50 60 70 80 90 100

20. Conservative Analeptic 50 60 70 80 90 100
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21. Tentative Tangible 50 60 70 80 90 100

22. Fortitude Sagacious 50 60 70 80 90 100

23. Sensible Persistence 50 60 70 80 90 100

24. Radical Unwarranted 50 60 70 80 90 100

25. Metamorphosis Uneasy 50 60 70 80 90 100

26. Treason Complacent 50 60 70 80 90 100

27. Politeness Perspicuous 50 60 70 80 90 100

28. Valor Courtesy 50 60 70 80 90 100

29. Renegade Primeval 50 60 70 80 90 100

30. Winsome Prohibited 50 60 70 80 90 100

31. Colonial Belligerent 50 60 70 80 90 100

32. Callous Audacious 50 60 70 80 90 100

33. Subsidy Transpire 50 60 70 80 90 100

34. Flowery Florid 50 60 70 80 90 100

35. Soliloquy Sermon 50 60 70 80 90 100

36. Comedy Travesty 50 60 70 80 90 100

37. Upset Facetious 50 60 70 80 90 100

38. Strident Sempiternal 50 60 70 80 90 100

39. Rueful Compassion 50 60 70 80 90 100

40. Sequester Benediction 50 60 70 80 90 100

41. Entreat Coalition 50 60 70 80 90 100

42. Intrigue Indulgence 50 60 70 80 90 100

43. Elegant Vanity 50 60 70 80 90 100

44. Secular Tribute 50 60 70 80 90 100
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45. Contrived Constraint 50 60 70 80 90 100

46. Preventive Peirastic 50 60 70 80 90 100

47. Cherish Nurture 50 60 70 80 90 100

48. Retrospect Abdicate 50 60 70 80 90 100

49. Synergy Transformer 50 60 70 80 90 100

50. Heroic Gregarious 50 60 70 80 90 100
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S T I M U L U S  M A T E R I A L S  F O R  E X P E R I M E N T

T W O
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Please circle the word which you think means the same as the word in capital 

letters. Then circle a confidence rating of 50, 60, 70, 80, 90, or 100% for each 

answer. Please attempt all questions.

%
1. PERSPICUOUS

articulate disobliging 50 60 70 80 90 100

2. INTERDICT
interrupt prohibit 50 60 70 80 90 100

3. FORTITUDE
endurance initiative 50 60 70 80 90 100

4. MORDANT
caustic miserable 50 60 70 80 90 100

5. INDULGENCE
favour attraction 50 60 70 80 90 100

6. SERMON
observance homily 50 60 70 80 90 100

7. CHARISMA
magnetism candour 50 60 70 80 90 100

8. PENURIOUS
destitute inferior 50 60 70 80 90 100

9. HEROIC
veteran gallant 50 60 70 80 90 100

10. ENCUMBER
burden encounter 50 60 70 80 90 100

11. VERDICT
punishment decision 50 60 70 80 90 100

12. METAMORPHOSIS
purification transformation 50 60 70 80 90 100

13. PERFIDY
treachery falsehood 50 60 70 80 90 100

14. JEOPARDY
danger gamble 50 60 70 80 90 100

-2 7 7 -



APPENDICES

15. OMNIPOTENT
all-powerful widespread 50 60 70 80 90 100

16. GAMUT
bridge range 50 60 70 80 90 100

17. HARDY
robust rough 50 60 70 80 90 100

18. TRAVESTY
mockery desecration 50 60 70 80 90 100

19. PARAPHERNALIA
belongings details 50 60 70 80 90 100

20. ADAMANT
unyielding unfriendly 50 60 70 80 90 100

21. SYNERGY
accord permeate 50 60 70 80 90 100

22. GUILELESS
easygoing straightforward 50 60 70 80 90 100

23. GNOMIC
pithy puzzling 50 60 70 80 90 100

24. EVANESCE
fade flourish 50 60 70 80 90 100

25. TANGIBLE
real changeable 50 60 70 80 90 100

26. MORTIFY
humiliate displease 50 60 70 80 90 100

27. FACETIOUS
factual flippant 50 60 70 80 90 100

28. SUCCOUR
remedy belief 50 60 70 80 90 100

29. ABDICATE
resign refuse 50 60 70 80 90 100

30. RENEGADE
traitor recluse 50 60 70 80 90 100
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31. INTERLOCUTOR
translator go-between 50 60 70 80 90 100

32. EMOLUMENT
praise profit 50 60 70 80 90 100

33. SENSIBLE
kind practical 50 60 70 80 90 100

34. ANALEPTIC
comforting liberal 50 60 70 80 90 100

35. PROHIBITED
forbidden expensive 50 60 70 80 90 100

36. PROTEAN
generous variable 50 60 70 80 90 100

37. BELLIGERENT
aggressive persuasive 50 60 70 80 90 100

38. INDIGENT
poor careful 50 60 70 80 90 100

39. TRANSPIRE
happen terminate 50 60 70 80 90 100

40. NOVITIATE
learning gardener 50 60 70 80 90 100

41. MAZURKA
fanatic dance 50 60 70 80 90 100

42. HUMANITARIAN
misanthropic philanthropic 50 60 70 80 90 100

43. COMPASSION
empathy tolerance 50 60 70 80 90 100

44. CIRCUMLOCUTION
innuendo verbosity 50 60 70 80 90 100

45. COALITION
alliance assembly 50 60 70 80 90 100
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46. BENEDICTION
marriage blessing 50 60 70 80 90 100

47. HORTATORY
encouraging tedious 50 60 70 80 90 100

48. CANDID
outspoken eccentric 50 60 70 80 90 100

49. ODIUM
fear hatred 50 60 70 80 90 100

50. INDENTURE
contract protection 50 60 70 80 90 100

51. PRATE
boast chatter 50 60 70 80 90 100

52. TEMPORAL
moderate secular 50 60 70 80 90 100

53. SEMPITERNAL
perpetual old-fashioned 50 60 70 80 90 100

54. INCORRIGIBLE
overbearing unchangeable 50 60 70 80 90 100

55. SUBTOPIA
mediocrity abstract 50 60 70 80 90 10

56. PEIRASTIC
experimental clear 50 60 70 80 90 100

57. OSTENTATIOUS
gauche flamboyant 50 60 70 80 90 100

58. TRIBUTE
covenant accolade 50 60 70 80 90 100

59. RACONTEUR
narrator rascal 50 60 70 80 90 100

60. SANCTUARY
spa haven 50 60 70 80 90 100

61. FILLIP
stimulus witticism 50 60 70 80 90 100
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62. JANIZARY
treasury supporter 50 60 70 80 90 100

63. GOSSAMER
cobweb breeze 50 60 70 80 90 100

64. IRREMEDIABLE
endless incurable 50 60 70 80 90 100

65. RADICAL
extreme unusual 50 60 70 80 90 100

66. COMPLACENT
self-satisfied selfish 50 60 70 80 90 100

67. CREPUSCULAR
ailing dim 50 60 70 80 90 100

68. ARRAS
tapestry salute 50 60 70 80 90 100

69. VALEDICTION
warning farewell 50 60 70 80 90 100

70. NOMENCLATURE
pseudonym terminology 50 60 70 80 90 100
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Please circle the word which you think means the same as the word in capital 

letters. Then circle a confidence rating of 50, 60, 70, 80, 90, or 100% for each 

answer to show how confident you are that you have picked the right answer.

1. Jeopardy Constraint 50 60

%

70 80 90 100

2. Analeptic Epicurean 50 60 70 80 90 100

3. Enmity Compassion 50 60 70 80 90 100

4. Gamut Regal 50 60 70 80 90 100

5. Indulgence Trustful 50 60 70 80 90 100

6. Judicious Sermon 50 60 70 80 90 100

7. Novitiate Enkindle 50 60 70 80 90 100

8. Plentiful Penurious 50 60 70 80 90 100

9. Abdicate Contrive 50 60 70 80 90 100

10. Dichotomy Coalition 50 60 70 80 90 100

11. Bureaucracy Verdict 50 60 70 80 90 100

12. Metamorphosis Mnemonic 50 60 70 80 90 100

13. Perfidy Primeval 50 60 70 80 90 100

14. Humble Mordant 50 60 70 80 90 100

15. Omnipotent Primeval 50 60 70 80 90 100

16. Singular Sensible 50 60 70 80 90 100

17. Obloquy Temporal 50 60 70 80 90 100

18. Travesty Imbroglio 50 60 70 80 90 100

19. Paraphernalia Phenomenon 50 60 70 80 90 100

20. Adamant Unctuous 50 60 70 80 90 100
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21. Synonymous Synergy 50 60 70 80 90 100

22. Guileless Facetious 50 60 70 80 90 100

23. Gnomic Intelligent 50 60 70 80 90 100

24. Eventually Evanesce 50 60 70 80 90 100

25. Poignant Tangible 50 60 70 80 90 100

26. Callous Mortify 50 60 70 80 90 100

27. Trustful Facetious 50 60 70 80 90 100

28. Devout Succour 50 60 70 80 90 100

29. Artistic Heroic 50 60 70 80 90 100

30. Nomadic Renegade 50 60 70 80 90 100

31. Alternator Interlocutor 50 60 70 80 90 100

32. Emolument Maternal 50 60 70 80 90 100

33. Clemency Perspicuous 50 60 70 80 90 100

34. Interdict Hallowed 50 60 70 80 90 100

35. Unwarranted Prohibited 50 60 70 80 90 100

36. Florid Protean 50 60 70 80 90 100

37. Bashful Belligerent 50 60 70 80 90 100

38. Tenacious Indigent 50 60 70 80 90 100

39. Incident Transpire 50 60 70 80 90 100

40. Charisma Clemency 50 60 70 80 90 100

41. Mazurka Portmanteau 50 60 70 80 90 100

42. Herbivore Humanitarian 50 60 70 80 90 100

43. Mutinous Fortitude 50 60 70 80 90 100
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44. Circumlocution Alacrity 50 60 70 80 90 100

45. Encumber Preventive 50 60 70 80 90 100

46. Euphemism Benediction 50 60 70 80 90 100

47. Monastic Hortatory 50 60 70 80 90 100

48. Candid Obdurate 50 60 70 80 90 100

49. Odium Ominous 50 60 70 80 90 100

50. Decalogue Indenture 50 60 70 80 90 100

51. Prologue Prate 50 60 70 80 90 100

52 Defiant Hardy 50 60 70 80 90 100

53. Elocution Sempiternal 50 60 70 80 90 100

54. Incorrigible Ungracious 50 60 70 80 90 100

55. Sinologist Subtopia 50 60 70 80 90 100

56. Loquacious Peirastic 50 60 70 80 90 100

57. Apologist Ostentatious 50 60 70 80 90 100

58. Tribute Epilogue 50 60 70 80 90 100

59. Milliner Raconteur 50 60 70 80 90 100

60. Sanctuary Peninsula 50 60 70 80 90 100

61. Euphoria Fillip 50 60 70 80 90 100

62. Panacea Janizary 50 60 70 80 90 100

63. Magenta Gossamer 50 60 70 80 90 100

64. Peripatetic Irremediable 50 60 70 80 90 100

65. Artesian Radical 50 60 70 80 90 100

66. Perturb Complacent 50 60 70 80 90 100
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67. Crepuscular Rich 50 60 70 80 90 100

68. Incursion Arras 50 60 70 80 90 100

69. Forbear Valediction 50 60 70 80 90 100

70. Nomenclature Providence 50 60 70 80 90 100
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Please circle the country which you think has the larger land area. Then circle a 

confidence rating of 50 60 70 80 90 or 100%. Please attempt all questions

%

1. Lebanon Morocco 50 60 70 80 90 100

2. Albania Bulgaria 50 60 70 80 90 100

3. Canada Nigeria 50 60 70 80 90 100

4. Ghana Turkey 50 60 70 80 90 100

5. Central African Republic Libya 50 60 70 80 90 100

6. Georgia Costa Rica 50 60 70 80 90 100

7. Chad Tajikistan 50 60 70 80 90 100

8. Guatemala Swaziland 50 60 70 80 90 100

9. Zimbabwe Senegal 50 60 70 80 90 100

10. Jamaica Ethiopia 50 60 70 80 90 100

11. Cape Verde Marshall Islands 50 60 70 80 90 100

12. Brunei Saudi Arabia 50 60 70 80 90 100

13. Bhutan San Marino 50 60 70 80 90 100

14. Haiti Iraq 50 60 70 80 90 100

15. Burundi Zaire 50 60 70 80 90 100

16. Kenya Zambia 50 60 70 80 90 100

17. Comoros Surinam 50 60 70 80 90 100

18. Barbados Kyrgyzstan 50 60 70 80 90 100

19. Oman Italy 50 60 70 80 90 100

20. Seychelles Spain 50 60 70 80 90 100
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21. Nepal Germany 50 60 70 80 90 100

22. Egypt Niger 50 60 70 80 90 100

23. Peru Burkina 50 60 70 80 90 100

24. North Korea Vatican City 50 60 70 80 90 100

25. Jordan Qatar 50 60 70 80 90 100

26. Djibouti China 50 60 70 80 90 100

27. Thailand Venezuela 50 60 70 80 90 100

28. Switzerland Cambodia 50 60 70 80 90 100

29. Belize Moldavia 50 60 70 80 90 100

30. Mauritius Philippines 50 60 70 80 90 100

31. Mexico Yemen 50 60 70 80 90 100

32. Pakistan Indonesia 50 60 70 80 90 100

33. Uganda Mali 50 60 70 80 90 100

34. Slovenia Hungary 50 60 70 80 90 100

35. Azerbaijan Belorussia 50 60 70 80 90 100

36. Bahamas Portugal 50 60 70 80 90 100

37. Bosnia-Herzegovina Togo 50 60 70 80 90 100

38. Federated States of

Micronesia Denmark 50 60 70 80 90 100

39. Congo Burma 50 60 70 80 90 100

40. Croatia Malawi 50 60 70 80 90 100

41. Uzbekistan Mongolia 50 60 70 80 90 100

42. Czechoslovakia Solomon Islands 50 60 70 80 90 100
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43. St Lucia Western Samoa 50 60 70 80 90 100

44. Cyprus Liechtenstein 50 60 70 80 90 100

45. Gabon Vanuatu 50 60 70 80 90 100

46. St. Kitts-Nevis El Salvador 50 60 70 80 90 100

47. Chile Armenia 50 60 70 80 90 100

48. Kazakhstan Tunisia 50 60 70 80 90 100

49. Sierra Leone Maldives 50 60 70 80 90 100

50. Panama Ukraine 50 60 70 80 90 100

-2 8 9 -



Please circle the country which you think has the larger population. Then circle a 

rating of 50 60 70 80 90 or 100% to show how confident you are that you have 

picked the right answer. Please attempt all questions.

%

1. Greece Fiji 50 60 70 80 90 100

2. USA Grenada 50 60 70 80 90 100

3. Lithuania Japan 50 60 70 80 90 100

4. Rwanda Guyana 50 60 70 80 90 100

5. Austria Malaysia 50 60 70 80 90 100

6. Turkmenistan South Africa 50 60 70 80 90 100

7. Vietnam Gambia 50 60 70 80 90 100

8. Latvia Iran 50 60 70 80 90 100

9. Yugoslavia Sudan 50 60 70 80 90 100

10. Finland Nauru 50 60 70 80 90 100

11. Norway Cuba 50 60 70 80 90 100

12. Luxembourg Bolivia 50 60 70 80 90 100

13. Dominican Republic Kiribati 50 60 70 80 90 100

14. Bangladesh Dominica 50 60 70 80 90 100

15. Panama Tunisia 50 60 70 80 90 100

16. Somali Republic

Sao Tome and Principe 50 60 70 80 90 100

17. Poland Papua New Guinea 50 60 70 80 90 100

18. Botswana United Kingdom 50 60 70 80 90 100

19. Liberia Antigua and Barbuda 50 60 70 80 90 100

20. Tanzania Tonga 50 60 70 80 90 100
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21. Malta Guinea Bissau 50 60 70 80 90 100

22. Sierra Leone Ukraine 50 60 70 80 90 100

23. Taiwan Brazil 50 60 70 80 90 100

24. Afghanistan Mauritania 50 60 70 80 90 100

25. Madagascar Honduras 50 60 70 80 90 100

26. Singapore India 50 60 70 80 90 100

27. South Korea Netherlands 50 60 70 80 90 100

28. Ivory Coast United Arab Emirates 50 60 70 80 90 100

29. Paraguay Trinidad and Tobago 50 60 70 80 90 100

30. Uruguay Bahrain 50 60 70 80 90 100

31. Kazakhstan Maldives 50 60 70 80 90 100

32. Russian Federation Sweden 50 60 70 80 90 100

33. Morocco Canada 50 60 70 80 90 100

34. Tuvalu Vanuatu 50 60 70 80 90 100

35. Namibia Laos 50 60 70 80 90 100

36. Andorra Algeria 50 60 70 80 90 100

37. Equatorial Guinea Monaco 50 60 70 80 90 100

38. Iraq Estonia 50 60 70 80 90 100

39. Lesotho Cameroon 50 60 70 80 90 100

40. Ecuador France 50 60 70 80 90 100

41. Iceland Cuba 50 60 70 80 90 100

42. Nicaragua Kuwait 50 60 70 80 90 100

43. Belgium Sri Lanka 50 60 70 80 90 100

-291 -



APPENDICES

44. Lebanon Bulgaria 50 60 70 80 90 100

45. Guinea Romania 50 60 70 80 90 100

46. Albania Nigeria 50 60 70 80 90 100

47. Angola New Zealand 50 60 70 80 90 100

48. Benin St. Vincent and

The Grenadines 50 60 70 80 90 100

49. Argentina Syria 50 60 70 80 90 100

50. Israel Mozambique 50 60 70 80 90 100
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S T I M U L U S  M A T E R I A L S  F O R  E X P E R I M E N T

F O U R
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Please circle the country which you think has the larger population. Then circle a 

confidence rating of 50 60 70 80 90 or 100%. Please attempt all questions.

%

1. Sri Lanka Bangladesh 50 60 70 80 90 100

2. Malaysia Honduras 50 60 70 80 90 100

3. USA Brazil 50 60 70 80 90 100

4. Papua New Guinea Turkmenistan 50 60 70 80 90 100

5. South Africa Nigeria 50 60 70 80 90 100

6. Vietnam Cuba 50 60 70 80 90 100

7. Morocco Tunisia 50 60 70 80 90 100

8. Norway Belgium 50 60 70 80 90 100

9. Luxembourg Malta 50 60 70 80 90 100

10. Madagascar Bulgaria 50 60 70 80 90 100

11. Dominican Republic Kiribati 50 60 70 80 90 100

12. Somali Republic

Sao Tome and Principe 50 60 70 80 90 100

13. Poland Austria 50 60 70 80 90 100

14. Tonga Antigua and Barbuda 50 60 70 80 90 100

15. Liberia Spain 50 60 70 80 90 100

16. Maldives Guinea Bissau 50 60 70 80 90 100

17. Taiwan Japan 50 60 70 80 90 100

18. Sudan Syria 50 60 70 80 90 100

19. Dominica Nauru 50 60 70 80 90 100

20. Lithuania Grenada 50 60 70 80 90 100
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21. Yugoslavia Argentina 50 60 70 80 90 100

22. Israel Mozambique 50 60 70 80 90 100

23. Canada Iceland 50 60 70 80 90 100

24. United Kingdom France 50 60 70 80 90 100

25. South Korea India 50 60 70 80 90 100

26. Latvia Netherlands 50 60 70 80 90 100

27. Nauru Ivory Coast 50 60 70 80 90 100

28. Botswana Angola 50 60 70 80 90 100

29. Paraguay Trinidad and Tobago 50 60 70 80 90 100

30. Rwanda Guyana 50 60 70 80 90 100

31. Uruguay Bahrain 50 60 70 80 90 100

32. Russian Federation

United Arab Emirates 50 60 70 80 90 100

33. Tuvalu Vanuatu 50 60 70 80 90 100

34. Namibia Laos 50 60 70 80 90 100

35. Andorra Algeria 50 60 70 80 90 100

36. Fiji Monaco 50 60 70 80 90 100

37. Iraq Estonia 50 60 70 80 90 100

38. Lesotho Cameroon 50 60 70 80 90 100

39. Ecuador Equatorial Guinea 50 60 70 80 90 100

40. Finland Sweden 50 60 70 80 90 100

41. Nicaragua Greece 50 60 70 80 90 100

43. South Korea Iran 50 60 70 80 90 100
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44. Albania Malaysia

44. Guinea Romania

45. Kuwait New Zealand

46. Benin St. Vincent and 

The Grenadines

47. Afghanistan Mauritania

48. Kazakhstan Tanzania

49. Sierra Leone Ukraine

50. Panama Gambia

50 60 70 80 90 100

50 60 70 80 90 100

50 60 70 80 90 100

50 60 70 80 90 100

50 60 70 80 90 100

50 60 70 80 90 100

50 60 70 80 90 100

50 60 70 80 90 100
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Please tick which of the following television programmes you think are shown on 

B B C l. Then choose a rating of 50,60, 70,80,90 or 100% to show how confident you 

are that you have picked the right answer.

%

1. Panorama What The Papers Say 50 60 70 80 90 100

2. Perpetual Motion Pebble Mill 50 60 70 80 90 100

3. Medics Crime Limited 50 60 70 80 90 100

4. Going for Gold 3-D 50 60 70 80 90 100

5. Inside Story House to House 50 60 70 80 90 100

6. The Slot Charlie's Angels 50 60 70 80 90 100

7. All Night Long

20 Miles From Piccadilly Circus 50 60 70 80 90 100

8. The Really Wild Show

Holiday Outings 50 60 70 80 90 100

9. Moonlighting The Great Outdoors 50 60 70 80 90 100

10. Lifeline Red Dwarf IV 50 60 70 80 90 100

11. Tracks Conan The Adventurer 50 60 70 80 90 100

12. One Foot In The Grave Batman 50 60 70 80 90 100

13. Roughnecks Highway To Heaven 50 60 70 80 90 100

14. Midnight Caller Rah C. Nesbitt 50 60 70 80 90 100

15. Heart Of The Matter Sunday 50 60 70 80 90 100

16. Sean's Shorts Run The Risk 50 60 70 80 90 100
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17. Private Investigations Scooby Doo 50 60 70 80 90 100

18. Gourmet Ireland Time Trax 50 60 70 80 90 100

19. Over The Garden Wall QED 50 60 70 80 90 100

20. Paramedics The Travel Show 50 60 70 80 90 100

21. Byker Grove Dogs With Dunhar 50 60 70 80 90 100

22. Gagtag True Stories 50 60 70 80 90 100

23. That s Showhusiness

Dr Quinn, Medicine Women 50 60 70 80 90 100

24. Country File 100 Women 50 60 70 80 90 100

25. Hartheat Gardener's World 50 60 70 80 90 100

26. Pets Win Prizes Phenom 50 60 70 80 90 100

27. Room 101 Open All Hours 50 60 70 80 90 100

28. Sweet Inspiration

The Great Outdoors 50 60 70 80 90 100

29. After Five Grandstand 50 60 70 80 90 100

30. Men Only

Harry And The Hendersons 50 60 70 80 90 100

31. Men Behaving Badly Body Heat 50 60 70 80 90 100

32. Sesame Street Come Dancing 50 60 70 80 90 100

33. The Addams Family Hypothetical 50 60 70 80 90 100

34. Chandler and Co. NYPD Blue 50 60 70 80 90 100
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35. Hit The Road Scrutiny 50 60 70 80 90 100

36. Jim 11 Fix It Take Your Pick 50 60 70 80 90 100

37. Building Sights Ship To Shore 50 60 70 80 90 100

38. Remington Steele Madeline 50 60 70 80 90 100

39. Under The Sun Newsround 50 60 70 80 90 100

40. The Rockford Files Mighty Mouse 50 60 70 80 90 100

41. Crawshaws’s Watercolour Studio

Quincy 50 60 70 80 90 100

42. Crosstalk Nature Detectives 50 60 70 80 90 100

43. The Singing Detective

Wall To Wall 50 60 70 80 90 100

44. The Lowdown Crime Monthly 50 60 70 80 90 100

45. Profiles of Nature Bananaman 50 60 70 80 90 100

46. Rugrats Frontline 50 60 70 80 90 100

47. Heretic Wipeout 50 60 70 80 90 100

48. Record Breakers Good Advice 50 60 70 80 90 100

49. First Sex Stay Tooned 50 60 70 80 90 100

50. Cagney And Lacey Floyd On Italy 50 60 70 80 90 100

51. Burke's Law Black Beauty 50 60 70 80 90 100

52. Seinfeld

Stephen Spielberg's Amazing Stories 50 60 70 80 90 100
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