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Abstract

As well as memory performance, the sensations and experiences that accompany memory retrieval can be
informative regarding changes to memory that occur with aging. One such experience is the Feeling of Knowing
(FOK), the sensation that an item which has failed to be recalled is nonetheless stored within the memory system,
though temporarily unavailable. Older adults consistently show preserved FOK accuracy for semantic
information. However, measures of FOK accuracy in episodic memory tasks have yielded inconsistent findings.
The present study used a novel language translation paradigm to assess the effect of age on semantic and
episodic FOK judgments, and to examine the impact of repeated learning trials on episodic FOKs. As expected,
no age effect was found for semantic FOK judgments. For episodic judgments, older adults’ only were found to
have chance levels of performance: FOK judgments in the older adult group were not predictive of future
memory performance. Repeated learning trials led to comparable improvements in FOK accuracy between the
two age groups, although older adults remained at chance until after the third learning trial. Results are
interpreted within recent memory and metamemory frameworks.
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1. Introduction

Episodic memory tasks require the acquisition of declarative information during a specified learning session for
later reproduction. In contrast, semantic memory tasks rely on knowledge already obtained which is not
associated with a specific learning episode (Tulving, 1985). Aging has repeatedly been shown to have
dissociable effects on each type of memory, with episodic memory declining while semantic memory is
preserved (see Anderson & Craik, 2000; Zacks et al., 2000 for reviews). However, the impact of age on the
monitoring and control processes that regulate memory performance (termed metacognition; Nelson & Narens
1990, 1994) is less clear. One such monitoring process is the feeling of knowing (FOK & Hart, 1965), the
sensation that information currently irretrievable is nonetheless stored within the memory system and could be
later retrieved. Feeling of knowing judgments require participants to make a prediction of future memory
performance for currently unrecalled items and, despite being unable to retrieve the specific memory at the time
of making the judgment, participants are typically accurate at predicting future retrieval (e.g. Hart, 1965; Nelson
et al., 1982; Schacter, 1983). The feeling of knowing paradigm can be applied to both semantic (for example
general knowledge questions, Nelson et al., 1984) and episodic information (for example word pairs, Schacter,
1983), allowing assessment of metacognition for both memory systems.

In aging, semantic FOKs (i.e. FOKs obtained during a semantic memory task) have been examined for general
knowledge information (Marquié¢ & Huet, 2000; Souchay et al., 2007) and rare word definitions (Allen-Burge &
Storandt, 2000; Butterfield et al., 1988), with no age effects found. For semantic memory, older adults are thus
able to predict future memory performance for unrecalled items with the same degree of accuracy as young
adults. Episodic FOKs are judgments for unrecalled items in an episodic memory test. Typically, this involves
learning arbitrary paired associates, then cueing memory with the first word of the pair and asking the participant
to recall the second word (e.g. Maki, 1999; Schacter, 1983). The impact of aging on FOK for these episodic
memory tasks is less clear. Despite consistent deficits in episodic memory, preservation of episodic FOK ratings
has been reported (Hertzog et al., 2010; MacLaverty & Hertzog, 2009), implying that older adults are aware of
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their lowered memory performance and incorporate this knowledge into their memory judgments. However, a
number of studies have also found evidence of an impairment in episodic FOK accuracy (Perrotin et al., 2006;
Souchay et al., 2000; Thomas et al., 2011). These later studies thus suggest that as memory performance declines,
so does the ability to accurately monitor the contents of memory, leading to errors in judgments. With no clear
explanation as to why such discrepancy has been found within the aging literature, the effect of aging on
episodic FOK accuracy has yet to be established. The novelty of the current research is that it allows comparison
of semantic and episodic FOKs in aging within a single task, with the same participants and the same materials,
by utilising a language learning paradigm.

Many findings support the existence of a selective age effect on episodic FOK accuracy. First of all, episodic and
semantic memory differ according to the subjective states experienced during retrieval (Tulving, 1985). Episodic
memory is associated with “remembering”, the retrieval of images, thoughts and feelings in conjunction with the
memory itself. This recovery of associated details in addition to the memory is also termed recollection or
recollective experience (Yonelinas, 2002). In contrast, semantic memory is associated with “knowing”, retrieval
of the memory in isolation. A recent development in the metacognition literature suggests close links between
metacognitive judgments and subjective states associated with retrieval. For example, using the
Remember/Know procedure (Tulving, 1985), Hicks and Marsh (2002) observed a strong relationship between
FOK judgments and subjective states of awareness: higher FOKs were associated with more Remember
responses on a subsequent recognition task. This would suggest that the cues available during failed recall are
predictive not only of future recognition but also of recollective experience, a conclusion supported by Souchay
et al.’s (2007) observation of significant correlations between FOK predictions and Remember responses. The
relationship between recollective experience and FOK accuracy is especially important regarding aging, where
both subjective measures (e.g. Remember/Know: Bugaiska et al., 2007; Friedman et al., 2010) and objective
measures (e.g. source memory tasks: Henkel et al., 1998; Thomas et al., 2011) indicate a recollective deficit in
older adults. If recollective experience and FOK predictions are closely linked, impairments in recollective
experience would have a negative effect on FOK judgments. Indeed, Souchay et al. (2007) observed that
partialling out recollection removed the age deficit in FOK responding, and Thomas et al. (2011) were also able
to remove the FOK deficit in aging by asking older adults to retrieve contextual information before giving FOK
judgments.

In conjunction with recollective deficits, consideration of the brain locus of FOK also provides support to the
potential age effect observed on Episodic FOK judgments. The role of the frontal lobes in episodic FOK
judgments has in particular been highlighted by studies in neuroimaging, aging, and in patient work. Research
involving frontal lobe patients has repeatedly shown an impairment in episodic FOK accuracy (Janowsky et al.,
1989; Pinon et al., 2005; Schnyer et al., 2004; but see Pannu et al., 2005), indicating that this region plays a vital
role in assessing future retrieval for episodic information. In aging, a clear link has been demonstrated between
executive function and episodic FOK accuracy (Perrotin et al., 2006; Perrotin et al., 2008; Souchay et al., 2000),
with deficits in executive function associated with deficits in episodic FOK resolution. This again emphasises the
importance of the frontal lobes for successful monitoring of memory, as executive function is primarily
associated to frontal lobe regions (Courtney et al., 1996; Gold et al., 1996; Jonides et al., 1993; McCarthy et al.,
1994; Owen et al., 1996; Petrides et al., 1993; Smith & Jonides, 1999; Smith et al., 1995; Sweeney et al., 1996),
which show the earliest and greatest age-related atrophy (Raz, 2000).

However, despite evidence to support the hypothesis of selective impairment of episodic FOK accuracy, research
has also indicated preserved accuracy in aging (Hertzog et al., 2010; MacLaverty & Hertzog, 2009). In this
context, the memory constraint hypothesis (Hertzog et al., 2010) suggests that episodic FOK accuracy is
dependent primarily on the quality of the underlying memory processes. This relates to the accessibility account
(Koriat, 1993, 1997) which places the emphasis on the target, with FOK judgments being informed by the
retrieval of partial information related to the target in question. In other words, if the memory is poorly encoded,
less partial information will be retrieved both in terms of quality and quantity, reducing the accuracy of the FOK
judgment (see Perfect & Stollery, 1993 for a similar argument). Therefore observed age effects on episodic FOK
accuracy are not a reflection of impaired metacognitive ability per se, but are a further demonstration of impaired
episodic memory in aging. Indeed, by equating young and older adults’ memory performance using variable
delays, Hertzog et al. (2010) were able to elucidate episodic FOK judgments of equivalent accuracy for the two
age groups.

With support for both impairment and preservation of episodic FOK accuracy, a novel approach is needed to
examine the effect of age on semantic and episodic FOKs. To date, only one study has evaluated semantic and
episodic FOK within the same participants. Souchay et al. (2007) observed comparable FOK performance in
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young and older adults when making FOKs for general knowledge questions. However, when testing the same
participants on word pair learning, the older adults were significantly less accurate in their FOK predictions. In
addition to using the same participants for each task, Souchay et al. also used the same target items. For example,
in the semantic task the question may have been “What is the subject of Magritte’s famous surrealist painting,
‘La Trahison?’, the answer being ‘Pipe’”. In the episodic task, an unrelated cue would be paired with the same
item, e.g. Birthday—Pipe. The intrinsic properties of the target words, such as word frequency, could not
therefore be inadvertently influencing the FOK judgments. However, the influence of task characteristics could
still be a factor (Koriat, 1997), with the cue type changing from conceptual (semantic) to contextual (episodic).
The present study aims to remove this potential confound by using a language translation paradigm. Translation
tasks have previously been used to examine semantic FOK accuracy in young adults (Koriat, 1975; Peynircioglu
& Tekcan, 2000). A natural extension which has not been followed to date is to combine this with an episodic
task: following a semantic FOK assessment of translations, allow participants to learn those items which they do
not know the correct translation for, thereby assessing episodic FOKs. This paradigm provides a unique
methodology with high control over a number of variables which may influence FOK accuracy, including
materials, task presentation, and individual differences in participants. In the current study, French-English
translations were used to assess semantic and episodic FOK. The French language is one of the most commonly
encountered within the UK, with over 94% of primary schools teaching French as a second language
(Department for Education and Skills, 2003) and with the regular use of French words (e.g. déja vu) within the
English language. This level of familiarity with the French language should therefore provide a suitable level of
semantic knowledge for the English translations of common French words to allow assessment within a semantic
memory and FOK task. Following an assessment of semantic memory, unknown French words can then be
re-presented with the English translations, thereby providing materials for an episodic memory and FOK task.
This not only allows semantic and episodic FOKs to be cued by the same question (“what is the English
translation”) but has an advantage over the general knowledge paradigm by using the same cue for each semantic
item, further negating the impact of context. Previous research has shown that during self-regulated language
learning young and older adults select translations to study in a similar fashion, removing selection strategy as a
possible confound (Price et al., 2010). Finally, the proposed paradigm allows an additional test of the memory
constraint hypothesis via completion of multiple learning trials. Critically, repeated learning trials should benefit
both young and older adults by increasing the quality of encoding, therefore also increasing FOK accuracy. This
learning effect has previously been observed in young (Carroll & Nelson, 1993; Nelson et al., 1982) and older
adults (Hertzog et al., 2010). In sum, if the reported age deficit in episodic FOK accuracy is a consequence of
poor encoding, we should observe both memory and FOK deficits in older adults compared to young adults for
the episodic measures, but also improvements in episodic memory and FOK over the learning trials.

2. Method
2.1 Participants

Twenty-nine young adults and twenty-nine older adults were recruited for the study. Data from 2 young adults
and 1 older adult were discarded due to high levels of performance on the final trial (see below). Data from a
further 6 older adults were discarded due to fatigue leading to incomplete data. The remaining sample contained
twenty-seven young adults (age range 18-28, M = 20.63, SD = 3.07) and twenty-two older adults (age range
62-84, M = 72.64, SD = 5.88). All participants in the older adult group attained scores on the Mini-Mental State
Examination (MMSE, Folstein et al., 1975) above the cut off of 27 (M = 28.91, SD = 1.11), and were not
receiving medication which would affect cognitive function. The critical issue to control for within this task is
the level of French education, therefore participants were asked to report how many years they had spent
studying French. No significant differences were found (young adult M = 3.30, SD = 2.23; older adult M = 3.34,
SD = 2.33; #(47) = 0.068, p = .946), indicating a similar level of expertise between the two age groups. All
participants received more than 10 years of education, although young adults (M = 15.81, SD = 1.96) reported
significantly more years of education than older adults (M = 13.48, SD = 3.23; #(47) = 2.92, p = .006) (Note 1).
Participants received either course credit or were unpaid volunteers, and the research was approved by the
Institute of Psychological Sciences, University of Leeds, UK ethics committee.

2.2 Materials

A total of 80 French words and their English equivalents were used, all of which were nouns of three to nine
letters long. An initial list of 100 medium to high frequency French words was selected from the Brulex database
(Content et al., 1990) by two of the authors; one native English speaker and one native French speaker. These
words were piloted on eight young adults who had studied French to a maximum of GCSE level (no more than 5
years) who did not take part in the study. From these 100, we selected 15 words that all pilot participants
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correctly translated (e.g. maison—house), 15 that some participants were able to translate (e.g. souris — mouse)
and the remaining 50 words that no participants were able to translate (e.g. hibou - owl) to ensure sufficient
scope for repeated learning trials. In all stages the French word was presented as the cue with the English
translation as the required target. A standard recall-judgment-recognition procedure (Hart, 1965) was used to
obtain FOK judgments. The recognition task was a four alternative forced choice task, with the same three
distracters per target English translation used throughout the procedure (i.e. if the target was “mouse”, then the
distracters “forge”, “slate” and “cigar” were used for each recognition test). The position of targets and
distracters was randomised for each recognition test. Distracters were matched to the targets on Kucera-Francis
written frequency (targets M = 144.02, SD = 221.41; distracters M = 140.80, SD = 224.72) and were not
semantically related.

2.3 Procedure
Participants were tested individually in a single session.
2.3.1 Semantic Feeling of Knowing

The semantic FOK task used in the present study was similar to that of Peynircioglu and Tekcan (2000). The aim
here was to assess participants’ ability to predict future recognition for non-translated items based purely on
conceptual knowledge: participants had not yet been provided with the correct translations for the French words.
Prior to any learning, the 80 French words were presented simultaneously, and participants were asked to write
down the correct English translation next to the corresponding French word if known. FOKs were only obtained
for errors of omission: if participants were unable to give a translation (either correct or incorrect), a
dichotomous Yes/No FOK judgment (Souchay et al., 2000, 2007) was made as to whether they would recognise
the correct translation for the French word from four options. In other words, when participants thought they
would be able to recognize the target word in a later test, they were giving a “yes” FOK judgment, but a “no”
FOK judgment when they thought that they would not be able to recognize the word. The four alternative forced
choice recognition test was then administered. No time constraint was imposed for recall and recognition.

2.3.2 Episodic Feeling of Knowing

Immediately after the semantic trial, the episodic trials were begun (episodic trial 1). All 80 French words and
their English translations were presented on a single sheet for learning: this was the first time during the
experimental procedure that participants were shown the correct translations. The translations were shown for
160 seconds, with only the French word and the English translation provided to encourage episodic
word-to-word associations to be made (Kroll & Curley, 1988). Immediately after learning, a cued recall test was
given followed by the four alternative forced choice recognition test, with FOKs obtained for errors of omission
only as in the semantic FOK trial. The learning, recall and recognition were then repeated twice more on all 80
French words (episodic trials 2 and 3). As in the semantic trial, no time limit was imposed for recall and
recognition. The key difference between the semantic and episodic trials is exposure to the correct translations:
for the semantic trial, participants must rely on knowledge held prior to the experimental procedure to inform
their FOK judgments, whereas for the episodic trials information provided during the experimental procedure
(i.e. during the learning stage where the correct translations were provided) is used to inform the FOK.

3. Results

Results are presented in accordance with the two key aims of the study. First, memory and FOK data from the
semantic and first episodic trial are reported, analysis of which allows examination of the potential age effect on
semantic and episodic FOK accuracy. Second, memory and FOK data analysis are presented from the three
episodic trials only, to allow examination of the effect of learning on episodic FOK accuracy in young and older
adults.

3.1 Semantic vs. Episodic (trial 1)
3.1.1 Memory

A revised episodic score was calculated for each participant. Any items correctly recalled or recognised by a
participant during the semantic stage would not require learning via word-to-word associations, therefore would
not utilise episodic memory processes. These items were removed before calculating the participant’s episodic
memory and FOK measures, giving a proportion accuracy for the remaining “purely episodic” items.

Recall and recognition were each analysed using a 2 (age: young and older adults) x 2 (trial: semantic and
episodic 1) mixed model analysis of variance (ANOVA). Means and standard deviations are presented in Table 1.
The effect of age tended towards significance, F(1,47) = 3.36, p = .073, n* = 0.07, with older adults showing
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higher recall performance than young adults (Note 2). Recall was found to be significantly higher in the semantic
than the episodic trial, F(1,47) = 18.78, p < .001, n* = 0.29. A significant interaction between age and trial,
F(1,47) = 443, p = .041, n* = 0.09, indicated that, for the semantic trial, older adults showed greater recall
performance than young adults. However, for the episodic trial, recall performance was comparable across the
two age groups. A main effect of age was also observed in recognition performance, F(1,47) = 3.81, p = .057, n?
= 0.08, with higher recognition accuracy in older adults than young adults. No effect of trial, F(1,47) = 2.62, p
=.112, n*> = 0.08, or interaction between age and trial, F(1,47) = 0.04, p = .846, n*> = 0.00, was present.

Table 1.Mean memory performance scores across trials for each age group

Young adults (n = 27) Older adults (n = 22)
M (SD) M (SD)
Proportion of items Semantic Trial 0.25(0.16) 0.36 (0.17)
correctly recalled Episodic Trial 1 0.19 (0.12) 0.20 (0.14)
Episodic Trial 2 0.45 (0.18) 0.44 (0.24)
Episodic Trial 3 0.64 (0.21) 0.59 (0.28)
Proportion of items Semantic Trial 0.64 (0.11) 0.71 (0.15)
correctly recognised 5, dic Trial 1 0.67 (0.17) 0.75 (0.18)
Episodic Trial 2 0.87 (0.14) 0.87 (0.14)
Episodic Trial 3 0.94 (0.10) 0.92 (0.12)

3.1.2 Feeling of Knowing

Items where an attempt at translation had been made, whether correct or incorrect, were not included in the FOK
analysis (Krinsky and Nelson, 1984). Therefore the semantic FOK included only those items which were not
translated during the semantic trial, and the episodic FOK included only non-translated items during the episodic
trial. A 2 (age) x 2 (semantic trial and episodic trial) x 2 (status: Yes FOK and No FOK) mixed model ANOVA
was conducted to examine recognition accuracy for Yes FOKs and No FOKs (see Figure 1). Using this method,
FOK accuracy would be indicated by higher levels of recognition for Yes FOK responses than for No FOK
responses. A main effect of semantic and episodic trial was found, F(1,40) = 9.92, p = .003, n? = 0.20, with
overall recognition higher in the episodic than the semantic trial. Critically, a main effect of status was observed,
F(1,40) = 125.87, p < .001, n? = 0.76, whereby Yes FOKs showed greater recognition accuracy than No FOKs,
as expected given accurate monitoring of non-recalled information. A significant interaction between trial type
and status, F(1,40) = 22.32, p < .001, n? = 0.36, indicated that although recognition accuracy decreased slightly
from semantic to episodic trials for Yes FOKSs, recognition accuracy for No FOKs increased greatly from
semantic to episodic. No main effect of age was present, F(1,40) = 0.49, p = .489, n? = 0.01. The age and status
interaction was not significant, F(1,40) = 0.04, p = .845, n? = 0.00; suggesting that both groups’ subsequent
recognition was in keeping with their earlier FOK judgment. The interaction between age and trial type observed,
F(1,40) = 4.08, p = .050, n? = 0.09, is in keeping with the interaction above, with young adults showing
comparable recognition performance over semantic and episodic trials and older adults’ performance higher in
the episodic condition. No other interactions were detected (trial, age and status: F(1,40) = 0.57, p = 455, n*> =
0.01).
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Figure 1. Recognition accuracy of items assigned Yes and No FOKs within each age group in the semantic trial
and initial episodic trial. Error bars represent standard error

There has been considerable debate as to the most appropriate measure of FOK accuracy (Nelson, 1984; Schraw,
1995). The association between the Yes/No FOK judgment and recognition performance as obtained in the
present study is most appropriately measured with the Goodman-Kruskal gamma correlation (Nelson, 1984;
Schraw, 1995; Wright, 1996; see Masson and Rotello, 2009, for discussion of measures when using rating scales
for FOK). Four possible outcomes can occur with a binary FOK: (a) correct recognition for Yes FOKs, (b)
incorrect recognition for Yes FOKs, (c) correct recognition for No FOKs, and (d) incorrect recognition for No
FOKs. The gamma correlation compares the proportion of correct predictions (a and d) to incorrect predictions
(b and c). This leads to a coefficient ranging from 1 to -1, with large positive values indicating a close
relationship between FOK judgment and recognition, large negative values indicating an inverse relationship
between FOKs and recognition, and values close to zero showing chance performance or guessing. However,
gamma is undefined when two of the four possible outcomes (a, b, ¢, d) are equal to 0. Therefore, an adjusted
gamma scored was calculated following Snodgrass and Corwin’s (1988) recommendations (see Souchay et al.,
2000, 2007), whereby 0.5 was added to each frequency and then divided by N+1, where N is the number of
judgments.

To establish if gamma scores were predictive of future recognition for each participant group for both episodic
and semantic FOK tasks, one-sample t-tests were conducted. As can be seen in Table 2, for the semantic trial
both young adults, #(26) = 8.94, p < .001, and older adults, #21) = 9.96, p < .001, gamma scores were
significantly above zero, indicating FOK judgments were diagnostic of future recognition. In addition, at the
semantic trial, only one participant in each age group displayed a negative or zero gamma correlation (4% of
young adults and 5% of older adults), indicating that almost all participants were able to give predictions to a
certain degree of accuracy. For the episodic trial, although the young adults gamma scores were again
significantly above chance, #(26) = 3.97, p = .001, the gamma scores for the older adults were not, #21) = 0.84, p
= .413. For the initial episodic FOK trial, older adults were not able to make accurate predictions of future
recognition performance for unrecalled items. When examining individual gamma correlations, only 26% of
young adults showed negative or zero gamma correlations, whereas 45% of older adults gave negative or zero
gamma scores. In this initial episodic trial, almost half of the older adults tested were unable to accurately predict
future recognition performance. Using a mixed model 2 (age) x 2 (trial) ANOVA, overall accuracy of FOK
predictions showed a main effect of trial, F(1,47) = 25.51, p <.001, n?> = 0.35, with higher gamma scores for the
semantic trial than the episodic trial (see Table 2). However, no main effect of age was present, F(1,47) =0.32, p
=.575,1*=0.01, nor was an interaction between trial and age observed, F(1,47) =2.33, p =.133, n>=0.05.
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Table 2. Gamma correlations for young and older adults over all trials

Young adults (n =27) Older adults (n = 22)

M (SD) Test against 0 M (SD) Test against 0
Semantic Trial gamma score 51.(.30) p<.001 .59 (.28) p<.001
Episodic Trial 1 gamma score 24 (.32) p=.001 .09 (.49) p=.413
Episodic Trial 2 gamma score .43 (.46) p <.001 24 (.57) p=.065
Episodic Trial 3 gamma score 44 (.42) p<.001 .29 (.56) p=.023

3.2 Effect of Learning (Episodic Trials 1, 2 and 3)
3.2.1 Memory

A 2 (age) x 3 (trial: episodic trial 1, 2, and 3) mixed model ANOVA was used to examine recall and recognition
performance. As expected, a main effect of trial on recall performance was observed, F(2,94) = 199.96, p <.001,
n? = 0.81, with recall increasing over the learning trials. No main effect of age, F(1,47) = 0.15, p = .698, n*> =
0.00, or interaction between age and trial, F(2,94) = 1.39, p = 253, n*> = 0.03, were observed. Regarding
recognition performance, again a main effect of trial was observed, F(2,94) = 130.55, p < .001, p? = 0.74, with
recognition accuracy increasing over the trials. No main effect of age on recognition performance was shown,
F(1,47)=0.32, p=.575, n?>= 0.01. However, an interaction between age and trial was observed, F(2,94) = 6.54,
p =.002, n?> = 0.12, with young adults showing a greater increase in recognition performance than older adults
over the three learning trials.

3.2.2 Feeling of Knowing

A 2 (age) x 3 (trial) x 2 (status) mixed model ANOVA was conducted to examine recognition accuracy for Yes
and No FOKs. A main effect of trial was observed, F(2,34) = 19.33, p < .001, n? = 0.53, with recognition
increasing over trials. However, no main effect of status, F(1,17) = 2.52, p = .131, n*> = 0.13, or age, F(1,17) =
2.62, p =.124, n> = 0.13, was found. All interactions failed to reach significance (trial and age: F(2,34) = 0.11, p
=.897, 1? = 0.01; status and age: F(1,17) =2.05, p =.170, n?> = 0.17; trial and status: F(2,34) = 0.11, p = .900, n?
= 0.01; trial, status and age: F(2,34) = 0.30, p =.740, n> = 0.02).

The predictive accuracy of gamma scores for each age group at each learning trial was first examined (see Table
2 for means). For the young adults, gamma scores at episodic trial 1, #(26) = 3.97, p = .001, episodic trial 2, #26)
=4.85, p <.001, and episodic trial 3, #26) = 5.50, p < .001, were all significantly above chance, indicating that
young adults were accurate in their predictions for future recognition. As described above, the older adult group
were not above chance at the episodic trial 1 FOK judgment, #21) = 0.84, p = .413. By episodic trial 2 there is a
trend towards significance, #(21) = 1.95, p = .065; however, it is not until episodic trial 3 that older adults
showed predictive accuracy for recognition performance, #21) = 2.46, p = .023. When looking at individual
gamma scores, the comparative difficulty that older adults show in predicting future recognition is also evident.
As stated above, 26% of young adults are at zero or below in their gamma correlations for the initial episodic
trial. By trial 2 this has reduced slightly to 19%, to then increase again to 22% by trial 3. In contrast 45% of older
adults were at or below zero on episodic trial 1, with the same percentage at zero or below for trial 2, and by trial
3 41% of the older adult group have negative or zero gammas. A larger proportion of the older adult group show
either chance or inverse predictions of future memory performance compared to the young adult group. A 2 (age)
x 3 (trial) mixed model ANOVA on adjusted gamma scores showed a tendency towards significance for age,
F(1,47) =291, p = .095, n* = 0.06, with young adults gamma scores greater than those of the older adults. A
main effect of trial was also observed, F(2,94) = 3.46, p = .036, n?> = 0.07, with increasing accuracy over the
learning trials (see Table 2), indicating that participants became more accurate in their judgments with increased
task experience. The effect of age also showed a No interaction between trial and age was observed, F(2,94) =
0.03, p =.966, n* = 0.00.

4. Discussion

The novel use of a language learning paradigm in the current study allowed direct comparison of semantic and
episodic FOK judgments in aging by removing the possible confounds of task type and target materials. As
previously shown in the literature, the results demonstrated no effect of age on semantic FOK accuracy
(Allen-Burge & Storandt, 2000; Butterfield et al., 1988; Marqui¢ & Huet, 2000; Souchay et al., 2007). However,
our findings suggest an age effect on episodic FOK accuracy. Indeed, when examining the individual gamma
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scores of participants, a greater proportion of the older adult group are at chance or show an inverse relationship
between judgments and recognition in comparison to the young adults. In addition, when testing episodic FOK
gamma correlations against zero in order to establish if judgments for each age group as a whole are above
chance performance, older adults show impaired predictive accuracy at episodic trials 1 and 2. It is not before
episodic trial 3 that episodic FOK gamma correlations in older adults finally raised above chance level. However,
these findings need to be interpreted with caution. Although they suggest that older adults are to some extent
unable to accurately judge which unrecalled items will be recognised within the episodic task, this impairment
does not appear to be sufficiently strong to be detected within the ANOVA, possibly due to the higher variability
in the older adult performance.

A clear finding is that both young and older adults showed comparable improvements in episodic FOK accuracy
with learning; with repeated trials participants’ ability to accurately monitor their memory increased as did
memory performance. At first glance, these findings are consistent with the memory constraint hypothesis (MCH;
Hertzog et al., 2010), whereby metacognitive accuracy is dependent on the quality of the memory processes.
Indeed, for both groups FOK accuracy improves as memory performance increases. With no differences between
age groups in semantic or episodic memory performance, young and older adults should have access to
information of a similar quality on which to base their metacognitive judgments. When combined with the
accessibility account (Koriat, 1993, 1997) whereby FOK judgments are based on the quality and quantity of
partial information retrieved, similar levels of semantic and episodic FOK accuracy should therefore be observed.
However, some of our findings suggest that age does affect episodic FOK accuracy despite no age effect on
episodic memory performance. This leads to questions regarding the exact relationship between memory
performance and FOK accuracy in aging. When examining the previous literature supporting an age effect on
episodic FOK accuracy, the results of Souchay et al. (2000, 2007) and Perrotin et al. (2006) indicate that, in
addition to FOK deficits, older adults exhibited significantly lower recall and recognition performance than
young adults. Participants in the Thomas et al. (2011) study, where an age effect was also found on the episodic
FOK accuracy, showed an age-related reduction in recall performance only; recognition accuracy was not
impaired. Conversely, the results of MacLaverty and Hertzog (2009) showed no effect of age on episodic FOK
accuracy. However, an age-related decline in recall and recognition performance was observed. These studies
represent a mixed picture of the association between measures of memory performance and episodic FOK
accuracy, with no clear pattern of whether impairment in one necessarily results in impairment of the other.
Therefore although the MCH can to some extent explain why some studies report an age effect on episodic FOK
accuracy, other cognitive or memory factors might interfere or contribute to this relationship, thus indicating that
alternative explanations also need to be considered.

As noted above, the MCH (Hertzog et al., 2010) is linked closely to the target accessibility explanation of FOKs
(Koriat, 1993, 1997): the greater the quality of the original encoding, the greater the quality of the partial
information retrieved on which to base the FOK. Yet FOKs can also be informed by the familiarity of the cue
(Reder & Ritter, 1992; Schwartz & Metcalfe, 1992). Koriat and Levy-Sadot (2001) conceptualised cue
familiarity as providing the basis for rapid, preliminary FOK judgments, which, if familiarity is high enough,
lead on to slower judgments based on target accessibility. In the current paradigm, the semantic FOK task can
utilise both cue familiarity and target accessibility to inform the FOK judgments. Only those items for which the
translation has been learned at some point in the past will look familiar. However, for the initial episodic trial, all
items which are correctly recognised at the semantic trial have been removed from the analysis. This leaves only
the items which participants do not know the meaning of, which could essentially be viewed as nonwords. Prior
to learning, it is therefore reasonable to assume that these items will all have a similar but low level of familiarity.
During learning, however, the familiarity of each of the cue words will change. For example, if a participant
reads the unknown translation “souris-MOUSE” twice but the unknown translation “hibou-OWL” once, the cue
word souris will have a higher familiarity than the cue word Aibou (Reder & Ritter, 1992). As noted previously,
young and older adults have been observed to have similar selection strategies when learning an unfamiliar
language (Price et al., 2010), therefore changes in cue familiarity should be equivalent between the two age
groups. Item differences in cue familiarity can be used by young and older adults to inform their FOK judgments,
thereby reducing the effect of impaired target accessibility in the older adult group. The increased diagnostic
value of cue familiarity could consequently lead to a reduced deficit in episodic FOK accuracy in the older adult
group, whereby performance is not significantly above chance but is not significantly below that of the young
adults, as observed on the current study.

One characteristic of the data in the present study which is surprising is the lack of an age-related deficit in
episodic memory. Episodic memory impairments in older adults are well documented, with deficits in the use of
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self-initiated processes (Light & Singh, 1987) and associative binding mechanisms (Naveh-Benjamin et al., 2007)
thought to be among the possible contributors. In contrast semantic memory processes are relatively spared
(Anderson & Craik, 2000; Zacks et al., 2000), and the recruitment of these preserved semantic processes could
be responsible for the equivalence in episodic memory performance of the young and older adults found in this
experiment. Indeed, while standard word-pair learning can only be achieved via episodic associative memory
processes, language learning will involve the formation of links with semantic memory as well as episodic
memory processes. The Revised Hierarchical Model (RHM) of bilingual memory (Kroll & Stewart, 1994)
proposes that novice bilinguals initially rely on the episodic word-to-word associations and, as proficiency
increases, shift to semantic-based words to concept associations. This shift from episodic to semantic based
processing has been observed in young and older adults (Service & Craik, 1993), and although the timing of the
shift was not specified in the original model, early data indicated that episodic learning still occurred up to 2
years after commencement of learning (Kroll & Curley, 1988). However, further studies have shown
semantic-based processes being recruited in word learning even within a single study session (Altarriba &
Mathis, 1997; Papagnio et al., 1991). The present study was designed to encourage the use of episodic based
learning processes by presenting the word forms at learning without any contextualising information, and by
requiring participants to translate from the second language to the first language which, according to RHM
utilises episodic, lexical level links (Sholl et al., 1995). Despite this it appears that semantic processes were still
recruited during learning (consistent with the findings of Altarriba & Mathis, 1997). Combined with the
observation of superior semantic memory performance in the older adults, it is reasonable to suggest that the lack
of episodic memory deficit within the current study is due to involvement of semantic processes during learning.
Although speculative, the possible contribution of semantic memory processes to episodic tasks of similar design
to the current study warrants further investigation. The greater level of semantic memory in the older adult group
raises the issue of proficiency as a possible confound. To date, only three experiments have examined the role of
expertise in FOK accuracy. Roberts and Rhodes (1989) showed no effect of self-rated expertise in the accuracy
of FOKs for general knowledge information, a finding repeated by Marqui¢ and Huet (2000) looking at
self-efficacy beliefs for computer knowledge in young and older adults. Of direct interest to the current study,
Peynircioglu and Tekcan (2000) objectively measured language expertise and its effect on FOK ratings. They
observed an increase in the magnitude of FOK ratings with increased expertise. However, the accuracy of FOK
ratings showed no effect of expertise. Although participants with greater proficiency showed higher memory
performance and were more confident in their ratings of future recognition, this was not predictive of their actual
recognition performance. Taken together, these studies suggest that language expertise did not influence the
accuracy of the FOK judgments within the present study.

One consideration with the present study is the small sample size used, affecting the confidence in which the
present results may be interpreted. Indeed, the small sample size may be contributing to the lack of an interaction
effect between memory and age in the semantic-episodic analysis. Despite this, the observed effect sizes of age
on memory performance are of a more than acceptable level, and effect sizes regarding the FOK are also
approaching a suitable standard. Thus the current study provides a well-founded novel methodology which may
easily be replicated with a larger sample size to validate the current interpretation. In conclusion, these results
demonstrate the difficulty in assessing the role of aging on episodic and semantic FOK accuracy. In particular,
issues with task characteristics may be affecting our efforts to independently measure the two types of memory
and their corresponding FOKs. The challenge for future research is to separate these two memory processes
more completely in order to identify the presence, or indeed absence, of metacognitive deficits in aging.
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Notes

Note 1. Years of education did not correlate with any outcome measures of memory or metacognitive
performance therefore was not included as a covariate within the analysis.

Note 2. Note that despite the lower years of education in older adults, and matched level of French education,
there is a tendency for the older adult group to outperform the young adults.
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