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The Effect of Age on Recollection is not Moderated by Differential Estimation
Methods

Episodic memory performance declines with increasing age. It has sometimes been
reported that this decline is more marked when episodic recollection is estimated by
‘objective’ measures such as source memory performance than when it is estimated by
‘subjective’ measures such as the ‘Remember/Know’ procedure. Here, our main goal was
to directly contrast recollection estimates derived from these procedures in the same
samples of young and older participants (24 adults per age group, within-subjects
manipulation of test procedure). Following identical study phases in which words were
paired with either faces or scenes, participants’ memories were assessed in separate test
blocks using either Remember/Know or source memory procedures. Contrary to several
prior reports, the deleterious effects of age on recollection estimates did not differ
according to test type. Thus, we found no evidence that age differentially impacts
subjective and objective recollection estimates. Additionally, and consistent with prior
findings, effects of age on estimates of familiarity-driven recognition were small and

non-significant.
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Introduction

It is well established that long-term memory declines with advancing age (e.g. Craik &
McDowd, 1987; for review see Drag & Bieliauskas, 2009; Fraundorf, Hourihan, Peters, &
Benjamin, 2019). Episodic memory - memory for personally experienced unique events - is
especially vulnerable to the effects of age (e.g. Nilsson, 2003; Old & Naveh-Benjamin, 2008;
Park et al., 1996; Spencer & Raz, 1995). However, there is evidence suggesting that the size of
this age effect differs according to how episodic memory is tested. For example, in one study
(Mark and Rugg, 1998), episodic memory was examined with both ‘objective’ (source memory)
and ‘subjective’ (Remember/Know, or R/K) procedures for assessing recollection performance.
Whereas the accuracy of source memory judgments was lower in older than in young adults
(consistent with numerous other findings; see Cansino, 2009, for review), recollection
performance as estimated from Remember judgments did not differ between the two age groups.
Of importance, though, Mark and Rugg (1998) did not report false alarm rates for their R/K test,
leaving open the possibility that recollection estimates were overestimated in their older
participants. Somewhat analogous findings have been reported subsequently however (Duarte,
Henson, & Graham, 2006; Duarte, Ranganath, Trujillo, & Knight, 2008). In both of these studies
Duarte and colleagues divided their older age groups into two sub-groups based on item
recognition performance, forming high- versus low-performing groups. The high-performing
groups had equivalent recognition performance to that of young adults. The test phase was a
two-step task in which subjects first performed an R/K judgment and then a source memory

judgment on each trial. The findings from both studies indicated that while low-performing older



adults demonstrated impaired recollection for both R/K and source memory judgments, high-
performing older adults demonstrated a significant reduction in recollection only when
recollection was operationalized in terms of source accuracy.

In another study, an analogous dissociation between ‘objective’ and ‘subjective’ memory
judgments was reported (Gallo, Korthauer, McDonough, Teshale, & Johnson, 2011). Here, the
dissociation was between the reported vividness of a retrieved memory and source memory
accuracy. Whereas older participants demonstrated lower source memory performance than
young individuals, vividness and confidence ratings did not differ according to age group. A
more recent study (Folville, D’ Argembeau, & Bastin, 2020) reported a similar dissociation between
subjective and objective measures of memory. In this study, the authors obtained both subjective
(vividness ratings) and objective memory measures (free recall and a temporal order judgment)
on each test trial. Whereas older adults performed less well than the young adults on the source
and free recall tasks, memory vividness ratings did not differ between the two age groups.

The above-reviewed findings are consistent with the proposal that the effects of
age on episodic memory differ according to whether recollection is operationalised through
objective or subjective memory tests. However, other findings are inconsistent with this
proposal. For instance, Prull, Dawes, Martin, Rosenberg, & Light (2006) contrasted
recollection estimates derived from R/K and process dissociation (essentially, source
memory) procedures, and reported equivalent age effects on the two classes of recollection
estimate. In another study, Koen and Yonelinas (2016) also compared recollection estimates
derived from R/K and process dissociation procedures, albeit with different study conditions
for each procedure, and with age as a continuous variable (ranging between 40 and 81 yrs).

The authors reported that the strength of the relationship between age and recollection



performance did not differ according to the estimation method. The findings from these two
studies are consistent with those of a meta-analysis (Koen and Yonelinas, 2014) that yielded
little or no evidence for weaker age effects on subjective than objective recollection
estimates.

In contrast to measures of recollection, familiarity-based memory judgments (i.e.
memory judgments made in the absence of qualitative information about the prior episode) have
frequently (e.g. Jennings & Jacoby 1993; Jacoby, 1999; Titov and Knight 1997; Caldwell &
Masson 2001; Howard, Bessette-Symons, Zhang, & Hoyer, Mancuso, Kliot, Arnold, &
Dickerson, 2006; Wolk et al., 2013; Koen and Yonelinas, 2016), but not always (e.g. Prull et al.,
2006; Toth and Parks 2006; Duarte, Graham, & Henson, 2010; Duzel, Yonelinas, & Heinze,
2010; Wang, De Chastelaine, Minton, & Rugg, 2012), been reported to be preserved with
increasing age. In their meta-analytic review, Koen and Yonelinas (2014) reported that
familiarity estimates tended to decline with increasing age in studies employing the R/K
procedure, but not in studies using the Process Dissociation (PD) and Receiver-Operating
Characteristics (ROC) procedures for separately estimating recollection and familiarity. Thus,
the effect of age on familiarity also appears to be moderated by the estimation method. Although
the main focus of the present study was to investigate whether age has a differential impact on
different estimates of recollection, we took advantage of our employment of the R/K procedure
to address the question of whether age impacts familiarity estimates derived from this procedure.

In summary, studies examining whether the effects of age on recollection
performance differ according to whether recollection is estimated with objective or
subjective measures have yielded inconsistent findings. Whereas five studies that employed

a within-subject design to address this question reported larger age effects for objective



measures (Mark & Rugg, 1998; Duarte et al., 2006; Duarte et al., 2008; Gallo et al., 2011;
Folville et al., 2020), other studies did not report this result (e.g. Prull et al., 2006; Koen &
Yonelinas, 2016). The findings from these latter studies are consistent with the outcome of
the meta-analysis conducted by Koen and Yonelinas (2014), in which across-study estimates
of effect sizes were estimated. In light of these inconsistent findings, the goal of the present
study was to further examine whether the effects of age on recollection performance differ
according to whether recollection is estimated with subjective or objective methods. The
study employed a within-subject design in which the sole manipulation (other than age
group) was the nature of the memory test (R/K vs. source memory). Thus, we held constant
both the nature of the experimental materials and the study task, allowing a direct contrast
between the effects of age on the two classes of recollection estimate (unlike, for example,
in the case of Koen and Yonelinas, 2016, where different study conditions were employed
with each type of memory test). At issue is whether, relative to their younger counterparts,
older individuals are less disadvantaged when recollection is estimated with an R/K than
with a source memory procedure (Mark & Rugg, 1998; Duarte et al., 2006; Duarte et al.,
2008; Gallo et al., 2011; Folville et al., 2020), or whether instead the two classes of
recollection estimate yield equivalent age-related impairments (Prull et al., 2006; Koen and

Yonelinas, 2014; Koen & Yonelinas, 2016).

Materials and Methods

Participants

Participants’ characteristics and neuropsychological test scores are detailed in Table 1.

Participants were recruited from the University of Texas at Dallas and surrounding communities



and compensated $15 per hour for their participation. They gave informed consent to their
participation in accordance with University of Texas at Dallas Institutional Review Board
procedures. All participants learned English during childhood and had normal or corrected to
normal vision. Exclusion criteria included reported cardiovascular disease other than treated
hypertension, a history of psychiatric or neurological disorder, recently used psychotropic
medication, history of substance abuse, or inadequate neuropsychological test performance (see
below). The neuropsychological test battery comprised the following tests: The Mini-Mental
State Examination (MMSE), the California Verbal Learning Test-11 (CVLT) (Delis, Kramer,
Kaplan, & Ober, 2000), the Symbol Digit Modality Test (SDMT) (Smith, 1982), Trail Making
Tests A and B (Reitan & Wolfson, 1985), the Digit Span Forward and Backward test of the
Wechsler Adult Intelligence Scale- Revised (Wechsler, 1981), the Wechsler Test of Adult
Reading (WTAR; Wechsler, 2001), the UDS Category Fluency test (Benton, 1968), and List 1 of
the Raven’s Progressive Matrices (J. Raven, Raven, & Courth, 2000). Potential participants were
excluded if they scored < 26 on the MMSE, or > 1.5 standard deviations (SDs) below age-
appropriate norms on any CVLT sub-test or on any two of non-memory tests. The rationale for
these criteria was to exclude participants who might be in the early stages of mild cognitive

impairment and hence at risk of pathological cognitive decline.

A total of 30 older and 27 young participants were initially recruited to the study. Nine
participants were excluded for the following reasons: 2 young and 2 older participants were
excluded because of below-criterion neuropsychological test performance; 2 older adults were
excluded due to their participation in a prior similar study; one young participant was excluded
due to experimenter error that compromised data collection, and 2 older participants were

excluded due to their item memory performance falling outside cut-offs determined on the basis



of pilot data (Pr <.2 in one case, and a false alarm rate > .4 in the other. Inclusion of these
participants did not, however, alter the findings reported below in any substantive way). We are
unable to report the neuropsychological test results of one young subject whose scores were
missing. Also, we were unable to administer the neuropsychological test battery to two older
subjects who did not return for the test session. The final analyses included twenty-four

participants in each age group.

The critical contrast in the present study is that between the z-scores of the older adults
according to the nature of the retrieval test (Figure 3). This contrast directly tests the hypothesis
that the effects of age on subjective estimates of recollection are weaker than age effects on
objectively derived estimates. Whereas prior studies have reported such a dissociation (Duarte et
al., 2006, 2009; Rugg and Mark, 1998) none employed a direct contrast analogous to that
employed in the present study, disallowing the estimation of a predicted effect size. However, in
each study the reported effect sizes (Cohen’s d) exceeded 1.2 for age effects on source memory
performance and were coupled with null effects for subjective (Remember) estimates. A
sensitivity analysis indicated that the N of 24 for our older sample affords 80% power to detect

an effect size of 0.52 (one-tailed repeated measures t-test, p <.05).

Materials

The experimental materials comprised 480 experimental items and 58 practice items. The
experimental items were divided between two study-test cycles. Each study phase included 96
object names paired with a picture of either a face or a scene. An equal number of older and
young female and male faces of mixed ethnicity, and equal numbers of urban and rural scenes

were included in each study block. In the test phase, we used a 2:1 ratio of old to new words such



that all words from the previously shown study list were used (96 old words per block) along
with an additional 48 new words that served as lures. Each study and test block contained a 30
second rest interval at its halfway point. The blocks always began with 2 filler items, and a

further 2 fillers immediately followed each of the mid-way rests.

Procedure

Overview

Each participant undertook two study/test cycles, each of which comprised a single study and
test block. In the study phase of each cycle (Figure 1A) participants were presented with word-
picture pairs, one pair at a time, and were required to form a mental image associating the object
denoted by the word with the depicted picture. Specifically, if the picture was a face, instructions
were to form a mental image of the depicted person interacting with the denoted object. If the
picture was a scene, the requirement was to imagine the denoted object moving around within
the scene. Participants rated the vividness of the images they formed using the scale described
below. Immediately after a study phase, participants undertook a two-stage memory test that
involved an initial test of item memory followed, for positive judgments, by either an R/K or a

source memory judgment.

Tablel. Demographic and neuropsychological test data for young and older adults.

[Table 1 near here]



Instructions and practice

Before each study-test cycle, participants were given a script describing the study and test
procedures. After they indicated that they understood the instructions, they were asked to explain
the tasks thoroughly in their own words and were corrected if necessary. Participants were not
informed of the nature of the study or test procedures to be undertaken in the second study-test

cycle until after they had completed the first cycle.

In an initial self-paced practice study session, participants were presented with 12 word-
picture pairs and were required to verbalize the mental image they formed during each trial and
the rationale behind their vividness judgment. This session was followed by a timed session
using an additional 12 word-picture pairs. Subsequently, participants were instructed, and given
practice, on the test to be employed in that study-test cycle. As for the study practice sessions,
participants were first presented with a self-paced test session using 12 old and 5 new words,

followed by a timed practice phase using a different set of 12 old and 5 new words.

Study phase



Each study pair was preceded by a red fixation cross for a duration of 500ms. The pairs were
presented for a duration of 2s and followed by a white fixation cross for a further 2s., providing a
total of 4000 ms in which to make a response. As noted above, study instructions for word-face
pairs were to imagine the depicted person interacting with the object denoted by the word. For
word-scene pairs, instructions were to imagine the denoted object moving around within the
scene. Vividness ratings were made via a laptop keyboard and comprised the options of “not

vivid” (scored as 0), “somewhat vivid” (score of 1), or “very vivid” (score of 2).

Test phases

As schematized in Figure 1B, each test trial began with a red fixation cross that was displayed
for 500ms. The cross was replaced by the test word, which was presented for 2s and replaced in
turn by a 2s duration white fixation cross. Instructions were to first make an item memory
(old/new) judgment on the test word (Figure 1B). If the word was endorsed ‘New’, the
requirement was simply to wait for the onset of the next trial. If the judgment was ‘Old’ (i.e.
studied), a second judgment was undertaken, which in different study-test cycles was either the
source memory or the R/K test (Figures 1C & 1D). The duration of each test trial was held
constant and participants were instructed to make both responses prior to the change of color of
the fixation cross, which occurred 4 s after the onset of the test item. Responses were, however,
logged until 4.5 s following the onset of the test item. Belying the possibility that older
participants were under greater time-pressure on the two memory tests than the young adults, the
number of missed responses in the older age group was very small (a mean of approximately 1
trial for the R/K task and 2 trials for the source task), and did not differ significantly from the

number of omissions made by the young subjects.



As just noted, for trials on which an old judgment was given, the subsequent judgment
differed between the two study-test cycles. In one cycle, participants were required to make an
R/K judgment (Figure 1C). They were instructed to respond ‘Remember’ (R) when recognition
of the test word was accompanied by memory for at least one qualitative, reportable detail from
the test item’s study episode. If recognition was not accompanied by recollection of any such
detail, a ‘Familiar only’ (K) judgment was required. During the initial practice phase participants

were requested to verbally describe the basis of the Remember judgments they made.

In the other test cycle, participants undertook a source memory task (Figure 1D). The
requirement was to judge whether the test word had been associated at study with a face or a

scene; a ‘don’t know’ option was also available.

The ordering of the two test procedures was counterbalanced across participants. Thus,
half of the older and young subjects were assigned to perform the source task in the first study-
test cycle, and the Remember/Know task in the second cycle. The remaining half of each group

was assigned to perform the R/K task in the first cycle, and the source task in the second cycle?.

Data Analysis

Item recognition

Item recognition accuracy (Pr) was measured as pHit — pFalse Alarm, where pHit is the
probability of a Hit (i.e. studied words correctly judged ‘old’) and pFalse Alarm is the
probability of a false alarm (unstudied words incorrectly judged ‘old’). Pr estimates were
subjected to a three-way mixed ANOVA with the factors of age group, study material (face vs.

scene), and memory task (R/K vs. Source).



Remember/Know

Memory performance on the R/K test was estimated according to the independent R/K
procedure. (Yonelinas & Jacoby, 1995). Thus, recollection was operationalized as: pRHit -
pRFalse Alarm, where pRHit is the probability of an R judgment to an old word, and pRFalse
Alarm is the probability of an R judgment to a new word. Familiarity was estimated as:
(pKHit/1-pRHit) — (pKFalse Alarm/1 - pRFalse Alarm), where pKHit is the probability of a ‘K
judgment to an old word, and pKFalse Alarm is the probability of a K judgment to a new word.
Each of these estimates was subjected to a two-way mixed ANOVA with the across-participants

factor of age group) and the within-participants factor of study material (face vs. scene).

Source Memory

Source recollection (pSR) was estimated with a measure (Park, Uncapher, & Rugg, 2008)
derived from single high threshold theory (Snodgrass and Corwin, 1988), using the equation:
pSR= (pSr - .5 * (1- pDK))/(1-(.5 * (1-pDK))). This equation is a modification of the standard
single high threshold model, in which the probability of a correct binary response is assumed to
reflect the sum of the probability that a test probe will return an above-threshold signal
diagnostic of its source, and the probability that a below threshold signal will be associated with
a ‘lucky guess’ (i.e. pCorrect = pRecollect + (1-pRecollect) *.5), to accommodate a ‘don’t know’

response option. Group differences in pSR were examined with a Welch t-test.

Relative effect sizes for subjective and objective recollection estimates

To contrast the older group’s recollection estimates according to the test procedure, estimates of

source accuracy (pSR) and recollection (pR) for each older participant were z-scored relative to



the means and standard deviations of the corresponding estimates of the young group. A paired t-

test was then used to contrast the older participants’ z-scores according to the test procedure.

In the case of theoretically important null findings, evidence supporting the null hypothesis was
estimated by computing a Bayes factor for the relevant contrast. We employed the BF;, metric,
according to which a factor < 1 indicates evidence favoring the null, while a factor > 1 is

indicative of evidence favoring the alternate hypothesis (Wagenmakers et al., 2018).

Results

Study phase

Vividness Ratings

Means (and SDs) for the vividness ratings from the study phase are reported in Table 2,
segregated by memory task, subsequent memory judgment, and age group. The data were
subjected to a three-way mixed effects ANOVA with the factors of age group, subsequent
memory judgment and memory task. The ANOVA revealed a main effect of subsequent
memory, F(2, 92)= 22.22, MSe= .04, p<.001, partial-n?=.33, with no other significant effects (the
main effect of age group approached significance, p=.066, while all other effects were far from
significant, min p=.37). Post-hoc tests revealed that mean ratings were significantly higher for
study items that went on to be recollected (i.e. later recognized items accorded Remember or
accurate source judgments) than they were either for items attracting accurate item memory
judgments only (t(47) = 6.06, p<.001, d = .88) or items that went on to be missed (t(47) = 5.43,

p<.001, d=.78). The ratings for these latter two classes of item did not significantly differ

(p=.53).



Table 2. Means (and SDs) vividness ratings at study segregated by memory task, subsequent

memory judgment, and age group.

[Table 2 near here]

RTs

The means of median RTs associated with the study judgments are given in Table 3. These data
were submitted to a three-way ANOVA with the factors of age group, memory task, and
vividness rating (not, somewhat, and very vivid). The ANOVA revealed a main effect of rating,
F(2, 92)= 6.40, MSe= 66512.64, p=.002, partial-n?=.12, with no other effects approaching
significance. Post-hoc comparisons showed that RTs averaged across tasks and age groups were
significantly lower for ‘very vivid’ than for ‘not vivid’ (t(47) = 3.05, p=.007, d=.44) or
‘somewhat vivid’ (t(47) = 3.14, p=.007, d=.45). RTs to these latter two classes of judgments did

not significantly differ (p=.93).

Table 3. Means (and SDs) of median RTs at study segregated by memory task, vividness ratings,

and age group.

[Table 3 near here]

Test Phase

RTs

The means of median RTs for judgments made during the test phase are reported in Table 4.
RTs are shown for studied items accorded correct item memory judgments and represent the
latencies from the onset of the test item to the second judgment (i.e. either the R/K or the source

memory judgment, depending on the retrieval test). The data from each test task were submitted



to two-way ANOVAs with the factors of Age (Older vs. Young) and judgment (either R hit vs K
hit, or Source correct vs source incorrect/don’t know). In the case of the R/K data, the ANOVA
revealed main effects of age, F(1, 46)= 15.95, MSe= 384776.06, p<.001, partial-n=.26, and
judgment, F(1, 46)= 67.92, MSe= 89641.94, p<.001, partial-n?=.60, and a significant interaction
between these two factors, F(1, 46)= 8.43, MSe= 89641.94, p=.006, partial-n?=.16. Post-hoc
contrasts revealed that older adults” R and K judgments were significantly slower than those of
young adults (t(47) = 4.86, p<.001 and t(47) = 2.34, p=.045, respectively). Within group
contrasts revealed that both young and older age participants demonstrated slower responses for
K judgments (t(23)=-7.88, p < .001 and t(23)=-3.78, p=.001, respectively). As is evident from
Table 4, the age group x judgment interaction reflected the fact that the age differences were

greater for R than for K judgments.

The ANOVA for the RTs in the source task revealed main effects of age, F(1, 43)=
26.22, MSe= 451698.18, p<.001, partial-n?=.38, and judgment, F(1.68, .72.03)= 9.72, MSe=
278972.16, p<.001, partial-n?=.18, and a non-significant interaction between the two factors,
F(1.68, 72.03)= 2.8, MSe= 278972.16, p=.08, partial-n>=.06. These findings reflect faster

responses on the part of the young adults and, in both age groups, for correct source judgments.
Table 4. Means (and SDs) of RTs at test segregated by memory task, judgment, and age group.
[Table 4 near here]

Item recognition

Means (and SDs) for item discriminability (Pr) are given in Table 5, segregated by age group,
material and memory task. A three-way mixed effects ANOVA with the factors of age group

(young vs. older), study material (face vs. scene), and memory task (RK vs. source) revealed



main effects of age, F(1,46) = 34.04, MSe= .07, p< .001, partial-n?= .43, and Study Material,
F=(1, 46) = 5.78, MSe= .01, p<.02, partial-n?= .11, but no effect of Study Task, F(1, 46) = .69,
MSe= .01, p= .41, partial-n?= .02, and no interaction effects. The results reflect lower
performance for older adults compared to young adults, and for test words paired with scenes

compared to those paired with faces.

Table 5. Means (and SDs) for item memory according to study material, memory task, and age

groups.

[Table 5 near here]

Remember/Know task

Means (and SDs) for Recollection and Familiarity estimates are reported in Table 6 for the
different age groups and study materials (note that one older participant failed to make any K
judgments. Thus, familiarity estimates are based on the remaining 23 older participants). A two-
way mixed ANOVA on the recollection estimates revealed main effects of age, F(1, 46) = 28.19,
MSe= .06, p<.001, partial-n?=.38, and study material, F(1, 46)= 11.21, MSe= .01, p=002, partial-
n?= .20, but no interaction between these factors. Recollection estimates were lower for older
compared to young adults and were also lower for words paired with scenes than with faces. In
light of the near-significant age differences in mean vividness ratings accorded at study, we
repeated this analysis as an ANCOVA employing the ratings for items that went on to receive R
judgments as a covariate of no interest. The effect of age remained significant (F(1, 45)= 23.84,

MSe=.027, p< .001, partial-n>=.346).

ANOVA of the familiarity estimates revealed no significant effects. Notably, the effect of

age was far from significant, F(1, 44)= .17, MSe= .04, p= .68, partial-n?= .004, and this negative



finding was supported by a Bayes Factor that anecdotally favored the null hypothesis (BF;,=

.35).

Table 6. Means (and SDs) for Recollection and Familiarity estimates by study material and age

group.

[Table 6 near here]

Source task

Mean probability of source correct (SC), source incorrect (Sl), and source DK judgments,
segregated according to study material and age group, can be found in Table 7. We used these
data to derive source accuracy estimates (pSR), which were contrasted across age groups using
an unpaired t-test. The outcome of the test was significant, t(43)= 5,49, SEpir= 0.06, p <.001,
Cohen’s d= 1.58, with older adults demonstrating lower source accuracy (M=.34, SD=.18) than
young adults (M=.67, SD=.23). As with the pR metric (see above), this age effect remained
significant when the mean vividness ratings accorded study items that went on to attract source
correct judgments were employed as a covariate (F(1, 45)= 27.11, MSe=.042, p < .001, partial-

2= .376).

We also examined whether participants in either group were biased in favor of one of the
two sources in the absence of source information. To investigate this, we conducted an ANOVA
on the source judgments associated with item false alarms, segregated by the factors of age group

and study material. No significant effects were revealed.

Table 7. Means (and SDs) for the probability of source correct, source incorrect, Don’t Know

segregated by age group, study material.



[Table 7 near here]
Correlation of recollection estimates derived from the source and the R/K procedures

Correlations between the recollection estimates for the two age groups derived from each
procedure were computed to examine whether the strength of the associations between the two
estimates differed by age. As depicted in Figure 2, there were significant correlations between
the estimates in both groups (young: (r(23) = .71, p=<.001; older: r(23) = .61, p=.001). Fisher’s

procedure revealed that the two correlations did not significantly differ (z= .55, p=.58).

Young Older

pSR
PSR

Relative effect sizes for age differences in subjective and objective recollection

To allow a direct comparison between the effects of age on the two recollection estimates, older
participant’s pR and pSR scores were z-transformed with respect to the corresponding scores of
the young group (see Figure 3). As is evident from the figure, the z-scores for pR were
numerically lower than those for pSR (M= -1.86, SD= 1.4 and M= -1.43, SD=.79, respectively).
The scores did not however differ significantly, t(23)=-1.901, SEpif= .23, p=.07, Cohen’s d= -
.39. The associated Bayes factor strongly favored the null hypothesis against the pre-
experimental, one-tailed alternative hypothesis of lower scores on the source task, BF;,=.08.

Inspection of Figure 3 suggests that older participants’ z scores were more variable for the R/K



than for the source task. This impression was confirmed with a Pitman’s test (Pitman, 1939),
t(22)= 3.52, p=.002. As is evident from comparing the data in Tables 6 and 7, this difference is a
consequence of the young participants demonstrating greater variability in their pSR than in their
PR scores (SDs =.23 and .14 respectively, t(22) = 3.43, p< .002) rather than a disparity in the

variances of these metrics in the older adults (SDs =.18 and .19 respectively).

o =

Z-scored Data of Older Adults
P

B pR O pSR

Comparison of recollection estimates between high- and low-performing older adults

In two prior studies (Duarte et al., 2006; Duarte et al., 2008), differential effects of age on
subjective and objective recollection estimates were confined to older participants with relatively
high item memory performance. To determine whether this was the case here, we divided our

older sample on the basis of a median split of their item memory scores, and conducted a two-



way ANOVA on their z-scores with the factors of sub-group (high-performing vs. low-
performing) and memory task (R/K vs. source). The results revealed a main effect of group, F(1,
22) = 17.192, MSe= 1.146, p<.001, partial-n?=.44, reflecting the poorer performance of the low-
performing sub-group, and a marginal effect of task, F(1, 22)= 3.81, MSe= .58, p=.06, partial-
n?= .15, but no interaction between the two factors, F(1, 22) = 2.41, MSe= 5.6, p= .13, partial-
n?=.1. Thus, we found no evidence that item memory performance moderated the effects of age

on estimates of subjective vs. objective recollection.

Effects of task order

In a further subsidiary analysis, we examined whether the factor of test order impacted the
foregoing findings. For example, participants who performed the source task prior to the R/K
task might have been biased to base their Remember judgments on successful recall of source
information. We examined this possibility with two ANOVAs, one for each task, and in each
case employing the factors of age group and task order. For the R/K procedure, the results
revealed a main effect of age group, F(1, 44)= 27.48, MSe= .03, p<.001, partial-n®= .38, but no
evidence of an order effect, F(1, 44)= .56, MSe= .03, p=.46, partial-n?= .01, or an interaction
between the order and age group F(1, 44)= 3.52, MSe= .03, p=.07, partial-n?= .07. An analogous
ANOVA of source accuracy estimates revealed an identical pattern of findings (age: F(1, 44)=
28.70, MSe= .04, p=<.001, partial-n?= .4; order: F(1, 44)= .44, MSe= .04, p= .51, partial-n?= .01;

order by age: F(1, 44)= .93, MSe= .04, p= .34, partial-n’=.02).
Discussion

The main goal of the present study was to examine whether age has a differential impact on

recollection estimates derived from an objective versus a subjective test of memory. In contrast



with the findings of some prior studies (Mark & Rugg, 1998; Duarte et al., 2006; Duarte et al.,
2008) we found that the impact of age on recollection was not moderated by the estimation
method. Instead, and consistent with other studies (Prull et al. 2006; Koen & Yonelinas, 2016;
for review see Koen & Yonelinas, 2014), we identified a robust and equivalent effect of age on
recollection estimates derived from each method. In further support of the proposal that the two
classes of recollection estimate are supported by a common set of processes in the two age
groups, the across-participant correlations between the estimates were highly robust and age

invariant (cf. Koen & Yonelinas, 2016).

Relative effect sizes for age differences in subjective and objective recollection

Why did our results differ from those of Mark and Rugg (1998) and Duarte et al. (2006; 2008)?
As noted previously, the findings of Mark and Rugg (1998) are ambiguous, since the authors
failed either to report false alarm rates or to correct R hit rates for false alarms. Thus, it is
possible that appropriately corrected estimates would have revealed an effect of age on
subjective recollection estimates. As was also noted previously, Duarte and colleagues
segregated their older participants into high- versus low-performing sub-groups based on item
memory performance. While they identified an age effect on source accuracy in both sub-
groups, an age-related decline in recollection estimates derived from the R/K procedure was
evident only in the low-performing group. Thus, the authors suggested that variability among
older adults in overall memory capacity might moderate the impact of age on subjective
recollection estimates. They proposed two (mutually non-exclusive) explanations for why ‘high
performing’ older adults demonstrated a dissociation between subjective and objective estimates.
First, these adults might be especially prone to ‘non-criterial” recollection, that is, to retrieving

qualitative information from a study episode that is non-diagnostic for the required source



judgment. Second, the relatively low source accuracy of high performing individuals might
reflect an age-related decline not in recollection per se, but in the executive/control processes
required to use the information to guide behaviour. In the present study, however, we found no
evidence for such a dissociation in our older group between the two classes of recollection
estimate, even when we adopted Duarte et al.’s (2006, 2008) approach of dividing the
participants according to their item memory performance. We note that a critical difference
between the experimental procedures of Duarte and colleagues and those adopted here is the
manner in which subjective and objective recollection estimates were acquired. In the prior
studies, both estimates were obtained on the same test trials: participants were required first to
make an R/K judgment, and then a source judgment, on each test trial. By contrast, in the present
study the two memory tests were administered in separate study-test cycles. It is possible that —
as was entertained but rejected by Duarte et al. (2006) — the employment of successive
judgments encouraged participants to treat the R/K judgment as more of a confidence rating than
a report of mnemonic content. By this argument, the failure in those studies to find an age effect
on subjective recollection estimates is a reflection of the high levels of confidence that the high

performing older adults had in their item memories.

A reviewer drew our attention to another characteristic of our experimental procedure that might
account for the discrepant findings between the present and the aforementioned prior studies. In
the present study, we employed elaborative study tasks that likely facilitated the formation of
item-item associations between study words and their background ‘contexts’, which comprised
trial-unique scenes and faces. Thus, while the source memory task required only a categorical
judgment (face vs. scene), there was the potential in both the source and Remember/Know tasks

for the recollection of specific item-item associations. This situation contrasts with study tasks



where the source information comprises a simple physical feature of the study event (for
example, presentation of the study item above vs. below fixation, as in Duarte et al. 2008, or in a
male vs. a female voice, as in Mark and Rugg, 1998). The present finding of equivalent age
differences in subjective and objective recollection estimates might therefore be a consequence
of the availability of highly differentiated ‘item-context’ associations that, presumably, were

more accessible to our young participants in both the source and R/K tasks.

While a full resolution of this issue will require further research, we think it unlikely that the
present findings are merely a reflection of the idiosyncrasies of the study task. First, the findings
are consistent with those reported in prior studies that compared the effects of age on objective
and subjective measures of recollection while manipulating source information through a
physical feature of the study task (temporal order in Prull et al., 2006; sensory modality in Koen
and Yonelinas, 2016; see also Koen and Yonelinas; 2014). Notably, the effect sizes (Cohen’s d)
for the effects of age on the objective and subjective measures reported in Prull et al. (2006) were
1.43 and 1.33 respectively, comparable to those obtained in the present study (1.58 and 1.56,
respectively). Second, whereas Duarte et al. (2008) employed study location as a source feature,
in Duarte et al. (2006) the source manipulation varied which of two study tasks (manipulability
vs. animacy judgment) the test items were subjected to, affording the opportunity to encode
richer and more idiosyncratic item-context associations. Nonetheless, the effect sizes for the age
differences in recollection estimates in the two studies were broadly comparable: the effects were
negligible in both cases for the subjective estimates, but sizeable for the estimates derived from
the source judgments (1.62 and 1.23 in the later and earlier study respectively). Together, these

different observations suggest that there is scant support for the possibility that findings of



differential effects of age on subjective and objective recollection estimates depend on the nature

of the study task.

The foregoing discussion offers a possible resolution of the disparate findings obtained in the
present and prior studies contrasting the effects of age on recollection estimates from R/K and
source memory procedures. It does not, however, address the question of why older individuals
are as likely as young participants to rate retrieved memories as highly vivid, while at the same
time demonstrating lower performance on objective measures of memory performance (Gallo et
al., 2011, Folville et al., 2020). The present data offer little or no insight into the basis of these
findings beyond the strong implication that the processes supporting such meta-memorial
judgments are distinct from those underlying subjective reports of recollection elicited by the
R/K procedure. We conjecture that the apparent divergence between these two forms of
subjective report (we say apparent, since to our knowledge no study has compared vividness and
Remember judgments in the same participants while holding study conditions and experimental
materials constant) might reflect the differing constraints of the two procedures: whereas
vividness instructions allow participants considerable flexibility in how they interpret the task
instructions and set criteria for the different ratings, R/K instructions typically (as in the present
study) emphasize the need to restrict Remember judgments to trials where a reportable

contextual detail about the study episode was recollected.

Two other aspects of our findings concerning subjective and objective recollection
estimates are worthy of brief mention. First, consistent with prior reports (e.g. Jackson &
Schacter, 2004) vividness ratings at study predicted memory performance, such that those study
items that went on to be recollected attracted higher ratings than items that were either

recognized but not recollected or for which recognition failed. Of importance, this relationship



did not differ according to age group or retrieval test, and, in addition, age differences in
recollection estimates remained robust when vividness ratings from study were included as
covariates. Thus, we found no evidence that the present findings for the effects of age on
subjective and objective recollection estimates were confounded by age differences in the

vividness ratings given at study.

Second, unlike in the older age group, the variance in the source recollection estimates
(pSR) of the young adults was robustly greater than it was for their subjective recollection
estimates (pR). We have no explanation for this disparity in the variances of the two estimates, or
why it was evident for the young age group only. We note however that, should they prove
replicable, these findings hint at the possibility that young adults are more sensitive to the

differential demands of the two retrieval tests than their older counterparts.

Effect of age on familiarity

Familiarity estimates derived from the R/K task did not significantly differ according to age
group. This null finding is consistent with numerous prior reports (e.g. Jennings and Jacoby
1993; Jacoby, 1999; Titov and Knight 1997; Caldwell and Masson 2001; Howard et al. 2006;
Wolk et al., 2013; Koen and Yonelinas, 2016; but see Prull et al., 2006; Toth and Parks 2006;
Duarte et al., 2010; Duzel et al. 2011; Wang et al., 2012 for conflicting findings). In a meta-
analysis, Koen and Yonelinas (2014) reported that whereas familiarity estimates derived from
process dissociation and ROC procedures were age-invariant, estimates derived from the R/K
procedure were not. In an ensuing empirical study, however (Koen & Yonelinas, 2016), the same
authors reported age invariance for familiarity estimates derived from all three procedures, a

finding consistent with that reported here.



Before concluding, we note some limitations of the present study. First, it employed a
cross-sectional design, and it remains to be seen whether similar findings will emerge in future
studies based on longitudinal designs. Second, the study employed only a single example of a
subjective and an objective memory test and a single set of experimental materials. Thus, it
remains to be demonstrated that the present findings generalize to a wider range of tests and
materials. In particular, we note that it is possible that there are variants of the R/K procedure
(for example, those that do not impose a response deadline, unlike in the present case, or those
that employ a more liberal definition of subjective recollection) that are less sensitive to the

effects of age than the procedure adopted in the present study.

In conclusion, the main goal of the present study was to address the question of whether
age differentially impacts objective and subjective recollection estimates, as operationalized by
source memory and R/K procedures respectively. Contrary to some prior reports, we found no
evidence of a disproportionate impact. Thus, the present findings converge with those of several
prior studies to suggest that subjective and objective recollection estimates are similarly sensitive

to the effects of age.
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1. Due to experimenter error, there was a one yoked pair of young and older subjects who performed the
source rather than the R/K task first, so 13 yoked pairs of young and older subjects performed the

source task first, and 11 yoked pairs first performed the R/K task



2. Although these analyses are for the study task, we included the factor of memory task to examine
whether ratings differed according to task.
3. For the sake of clarity, we refer to study materials as face (i.e. words paired with face pictures during

the study task) or scene (words paired with scene pictures during the study task).
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Tables:

Tablel.
Young Old p-value
N 24" 24 -
Age 22.7 (3.3) 70.9 (3.81) -
Sex 8M; 16F 12M; 12F 24
Yrs of Full-Time
Education 15.74 (2.47) 16.91 (2.56) A3
MMSE 29.22 (1.20) 29.14 (1.04) .81

Note. Standard deviations are given in parentheses. The p-values were computed using Welch t-tests. Digit span
total equals the sum of forward and backward span. MMSE = Mini-mental State Exam; CVLT = California
Verbal Learning Test Il; FA: False Alarm; SDMT = Symbol-Digit Modalities Test; WTAR = Wechsler Test of

Adult Reading.



CVLT Short Delay — Free 13.22 (2.41) 10.32 (2.75) <.001
CVLT Short Delay — Cued 13.65 (1.9) 11.82 (2.17) .005
CVLT Long Delay — Free 14 (1.91) 11.68 (2.78) .003
CVLT Long Delay — Cued 14.04 (1.94) 12.14 (2.44) .006
CVLT Recognition — Hits 15.65 (.78) 14.73 (1.49) 01
CVLT Recognition — FA .35 (.65) 2.59 (2.34) <.001
SDMT 62.96 (6.46) 47.32 (9.84) <.001
Digit Span Total 19.26 (5.61) 16.73 (3.81) 1
Trail Making A (secs) 18.56 (4.95) 32.67 (11.72) <.001
Trail Making B (secs) 42.95 (15.89) 76.64 (32.9) <.001
Category Fluency 23.78 (5.89) 20.41 (4.01) .02
WTAR 40.96 (5.41) 42.64 (6.03) .33
Ravens List 1 12.34 (23.3) 23.23 (78.89) <.001
* Data from one subject were missing for the neuropsychological analysis.
** Two participants did not undertake the neuropsychological tests.
*** Assessed with Chi-square test
Table 2.
Task Source Task Remember/Know Task
S Hit S incorr Miss R Hit Miss
Young 1.32(31) 115(34)  1.20(4) 1.31(.30) 1.14(.39) 1.14(.41)
Older  1.17(.34) 0.98(.38)  1.01(.36) 1.14(.44) 0.97(.44) 0.95(.35)




Source Task Remember/Know Task

0 1 2 0 1 2
Young  2386(643)  2475(561)  2373(572) 2460(663) 2435(736) 2337(684)
Older  2587(393)  2526(433)  2413(428) 2556(493) 2566(488) 2414(487)

Table 3.



Table 4.

Source Task Remember/Know Task
S Correct S incorr DK R Hit K Hit
Young 1895(657) 2250(490) 2493(538) 1643(342) 2324(510)

Older 2758(466) 2906(493)  3021(523) 2326(557) 2659(511)




Table 5.

Task Remember/Know Source Task
Item type Face Scene Face Scene

Young 71 (.11) 70 (.14) 72 (.15) 69 (.17)

Older 52 (.17) 48 (.17) 50 (.18) 45 (.13)




Table 6.

Recollection Familiarity
Item type Face Scene All Face Scene All
Young 63.(.14)  .57(17) .60 (14) .30 (.16) .37 (.16) .34(.14)
Old .38 (.22) .30(.18) .34(.19) .29 (.18) .30 (.19) 29(.17)




Table 7.

Young Older
Study material Face Scene Face Scene
SC .80 (.15) 78 (.22) 64 (.20) 55 (.19)
Sl .05(.06) .06 (.05) 19 (.17) 24 (.12)
DK 15 (.14) 17 (.20) 17 (17) 21 (.18)
PSR 67 (.23) 34 (.18)

Note. SC: studied items correctly judged as old and attributed to their source. Sl: studied items correctly judged as old but
were attributed to the wrong source. DK: studied items correctly judged as old and received DK judgment on the source

task. pSR: source accuracy estimated from the source task.



Figure 1. (a) Schematic of the study task with an example of a word-face pair (upper) and a
word-scene pair (lower). (b) Schematic of the item memory test. (¢) Schematic of the R/K

procedure. (d) Schematic of the source task.

Figure 2. Scatter plots depicting recollection estimates derived from the source task (y-axis) and

the R/K task (x-axis) for young and older participants.

Figure 3. Box and whisker plots and single older subjects’ z scores for recollection estimates

derived from the R/K (left) and source (right) retrieval tests.



