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In this experiment we explored age differences in frequency judgment. Young and older adults studied words occur-
ring from one to six times under divided or focused attention and then completed either a frequency discrimination
or a frequency estimation test for these items. Divided attention led to poorer performance on both frequency judg-
ment tests, suggesting that distraction during the encoding of target events results in less optimal encoding of the
information that is necessary for any type of frequency judgment. Contrary to the notion that older adults encode
this information more superficially than young adults, older adults were as sensitive as young adults to relative dif-
ferences in the frequency of target words, and distraction did not magnify age differences for either type of fre-
quency judgment task. On the other hand, older adults were less accurate in assigning an absolute numerical value
to the frequency of the target words. Altogether, the results are consistent with the idea that'the encoding and/or re-
trieval processes required for accurate numerical estimation of frequency suffer a larger age-related decline than
do those required for accurate discrimination of relative frequency.

ANUMBER of years ago, Hasher and Zacks (1979) pub-
lished an influential paper suggesting that processing

the frequency of occurrence of events develops early and re-
mains intact into old age. Since then, several studies have
compared young and older adults' performance on fre-
quency judgment tasks (e.g., Attig & Hasher, 1980; Ellis,
Palmer, & Reeves, 1988; Freund & Witte, 1986; Hasher &
Zacks, 1979, Exp. 2; Kausler, Lichty, & Hakami, 1984;
Kausler & Puckett, 1980; Kausler, Salthouse, & Saults,
1987; Kausler, Wright, & Hakami, 1981; Sanders, Wise,
Liddle, & Murphy, 1990; Tweedy & Vakil, 1988; Warren &
Mitchell, 1980; Wiggs, Martin, & Howard, 1994), but their
findings have not consistently supported the notion that fre-
quency judgment is unaffected by age. One reason for this
lack of consistency could be that, with few exceptions (e.g.,
di Pellegrino, Nichelli, & Faglioni, 1988; Wiggs, 1993;
Wiggs et al., 1994), earlier studies focused on older adults'
ability to encode frequency information and did not system-
atically examine their ability to retrieve and use this infor-
mation. In the present experiment, we explored age differ-
ences in both the encoding and retrieval of information for
frequency judgment by manipulating attentional demands
during the initial presentation of events and comparing
young and older adults' performance on frequency judg-
ment tests with different retrieval requirements.

Age differences in frequency judgment are typically
studied using either a frequency estimation task or a fre-
quency discrimination test. A frequency estimation is made
by indicating how many times a single event has occurred,
whereas a frequency discrimination is made by indicating
which of two events occurred most (or least) frequently.
The way frequency information is used in the two tests
varies, and there may also be differences in the way this in-
formation is retrieved. Although some recent evidence sug-

gests that an actual numerical value representing frequency
of occurrence can be encoded and retrieved (Jonides &
Jones, 1992), the prevailing view is that frequency informa-
tion is derived or inferred from the multiple memory traces
of repeated events (Hintzman, 1988). According to multiple
trace theory, an item on a frequency test serves to cue the
retrieval of general memory information that varies based
on the number of encoded traces for that item. The mecha-
nism that captures this variation is the magnitude of a fa-
miliarity signal called the echo intensity. In frequency dis-
crimination, retrieved familiarity information for paired
target items is directly compared and the member with the
highest (or lowest) relative familiarity is chosen (Hintzman
& Hartry, 1990). In frequency estimation, a numerical esti-
mate of absolute frequency must be determined either by
the application of a set of criterion values to the general fa-
miliarity information (Hintzman, 1988) or by further re-
trieval and enumeration of individual memory traces
(Begg, Maxwell, Mitterer, & Hams, 1986).

Consistent with this view of the differing retrieval pro-
cesses in the two types of frequency judgments, it has been
suggested that frequency discrimination bears some resem-
blance to recognition memory, whereas frequency estima-
tion is more similar to recall memory (Sanders et al.,
1990). Research has shown that older adults are at a greater
disadvantage than young adults on recall than on recogni-
tion (for a review, see Kausler, 1994), and there is some ev-
idence that this age-related difference may extend to fre-
quency judgment. Specifically, frequency estimation is
almost always associated with a modest age-related decline
in performance (di Pellegrino et al., 1988; Ellis et al., 1988,
Exp. 1; Freund & Witte, 1986, Exps. 1 & 2; Hasher &
Zacks, 1979, Exp. 2; Tweedy & Vakil, 1988; Warren &
Mitchell, 1980; Wiggs et al., 1994, Exp. 1), whereas fre-
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quency discrimination is sometimes associated with age
differences (Kausler et al., 1981, 1984, 1987; Wiggs, 1993;
Wiggs et al., 1994, Exp. 2) and is sometimes not (Attig &
Hasher, 1990; di Pellegrino et al., 1988; Kausler & Puckett,
1980; Sanders et al., 1990; Wiggs, 1993, Exp. 1). These
findings suggest that older adults may perform more or less
proficiently depending on the retrieval demands of the fre-
quency judgment task. However, there is considerable pro-
cedural variation both across and within these studies, and
it is possible that differences in older adults' performance
for the two types of frequency judgment tests are due to this
variation and not to differences in the ability to retrieve and
use frequency information. We addressed this issue in the
present experiment by keeping stimulus materials and en-
coding procedures constant and examining young and older
adults' performance for both frequency estimation and fre-
quency discrimination. We expected that age differences
would be more likely to occur for frequency estimation,
which depends on accurate retrieval and enumeration of in-
dividual memory traces (Begg et al., 1986), than for fre-
quency discrimination, which can be based on the retrieval
and comparison of general familiarity information (Hintz-
man, 1988; Hintzman & Hartry, 1990).

We also addressed the question of whether age affects the
ability to encode frequency-of-occurrence information. Re-
search with young adults suggests that manipulations that
enhance the quality of the encoded information for events
improve frequency judgment and those that degrade the
quality of this information lead to poorer judgment perfor-
mance (e.g., Begg et al., 1986; Hintzman, 1988; Jonides &
Naveh-Benjamin, 1987; Maki & Ostby, 1987; Naveh-
Benjamin & Jonides, 1986; Sanders, Gonzalez, Murphy,
Liddle, & Vitina, 1987). Several researchers have suggested
that because of diminished attentional resources, older
adults encode events superficially (Eysenck, 1974) or less
distinctively (Rabinowitz, Craik, & Ackerman, 1982). It
might be expected, therefore, that this qualitative difference
in encoding would be reflected in frequency judgment.
However, evidence for age-related deficits in encoding of
frequency information has been mixed. The fact that the
overall accuracy of older adults' frequency judgments is
sometimes lower than that of young adults (e.g., di Pelle-
grino et al., 1988; Ellis et al., 1988; Freund & Witte, 1986;
Hasher & Zacks, 1979; Kausler et al., 1984, 1987; Tweedy
& Vakil, 1988; Warren & Mitchell, 1980) tends to support
the possibility of an age-related deficit in encoding, but
other findings are not consistent with this idea. For example,
Kausler et al. (1981) reasoned that performing a distracting
case monitoring task would exacerbate any age-related diffi-
culties in encoding of target words and that this effect would
be revealed in differential reductions in frequency discrimi-
nation for young and older participants. Contrary to this
idea, they found that while both age and distraction during
encoding were associated with a reduction in discrimination
accuracy, distraction did not lead to differential effects in the
performance of the two age groups.

Although the Kausler et al. (1981) results provide little
support for the idea that age leads to changes in the ability
to encode frequency information, two other factors may
have contributed to the absence of the Age X Attention in-

teraction in this study. First, although the case monitoring
task apparently did burden the attentional resources of the
two age groups, it may not have been difficult enough to re-
duce the resources of the older adults to the point at which
differential effects would be revealed. Attentional focus was
never diverted away from the target items because both
studying and case monitoring involved these items. More-
over, maintaining letter case information in working mem-
ory from trial to trial may not be particularly difficult. In
the present experiment, we examined the effect of distrac-
tion during encoding on frequency judgment by requiring
young and older participants to perform a cumulative addi-
tion task while studying for a general test of memory (cf.
Naveh-Benjamin & Jonides, 1986). This task has a number
of advantages over the case monitoring task. First, it fully
engages both the processing and storage aspects of working
memory (e.g., Baddeley & Hitch, 1974) because partici-
pants must divide their attention between reading the cur-
rent target item and maintaining and updating a numerical
count. Second, the task discourages encoding of direct nu-
merical frequency information for target items (e.g.,
Jonides & Jones, 1992), and participants may therefore be
more likely to rely on the encoded memory traces of these
items to make their frequency judgments. In line with ear-
lier predictions (i.e., Kausler et al., 1981), if distraction pro-
duces greater disruption in older adults' ability to encode
target items than in young adults' ability to encode these
items, then concurrent performance of the cumulative addi-
tion task should have a more detrimental effect on our older
participants' frequency judgment performance.

A second reason why Kausler et al. (1981) did not ob-
serve differential costs of divided attention for young and
old adults could be that the frequency discrimination test
used in their study was insensitive to subtle changes in en-
coding processes. Although both frequency discrimination
and estimation benefit from more effective encoding (Begg
et al., 1986; Jonides & Naveh-Benjamin, 1987; Maki &
Ostby, 1987; Naveh-Benjamin & Jonides, 1986), the fre-
quency estimation test, which requires retrieval and enu-
meration of individual memory traces, may show more sen-
sitivity to age differences in encoding processes (Sanders et
al., 1990). Thus, greater divided attention costs for older
adults may be revealed in frequency estimation perfor-
mance, even when a similar age difference is not present
for frequency discrimination.

METHOD

Participants and Design
Eighty-nine young adults were recruited from psychol-

ogy classes and were given course credit for their participa-
tion; 87 older adults were recruited from the community
and were paid for their participation. It was necessary to re-
place 17 of the young adults and 13 of the older adults due
to equipment problems (9 young, 2 older), failure to follow
instructions (1 young, 4 older), or failure to perform the di-
vided attention task correctly (7 young, 8 older). The ages
of the remaining 72 young participants (23 males, 49 fe-
males) ranged from 17 to 29 and the ages of the remaining
72 older participants (27 males, 45 females) ranged from 60
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to 87. Additional data on participant characteristics [Age,
Education, Wechsler Adult Intelligence Scale-Revised
(WAIS-R, Wechsler, 1981) Vocabulary, Information, Digit
Span Backwards, and Digit Symbol subtest scores] are pre-
sented in Table 1. None of the participants had histories of
neurological or psychiatric illness, and none were taking
medications known to affect cognitive functioning. All re-
ported that they were in good health.

Within each age group, 18 participants were randomly
assigned to each of the four Attention (divided vs focused)
X Test Type (frequency discrimination vs frequency esti-
mation) conditions. An additional within-subjects variable
was associated with each type of frequency test: For fre-
quency discrimination, this variable was the difference in
presentation frequency between paired target words (1 vs 2
vs 3), and for frequency estimation it was the presentation
frequency for individual target words (0 vs 1 vs 2 vs 3 vs 4
vs 5 vs 6). Counterbalancing procedures for the frequency
discrimination test necessitated the preparation of six dif-
ferent study lists. Each list was given to three participants
within a condition.

Materials
Study lists were constructed in the following way. Nouns

with a length of 5 to 7 letters and a background frequency
ranging from 100 to 200 occurrences per million were se-
lected from the Francis and Kucera (1982) analysis of word
frequency in English usage. Forty-eight words were ran-
domly selected from this pool to serve as target items and
another 20 words were selected to serve as practice items
and primacy and recency buffers. The 48 target words were
assigned to sets corresponding to the seven presentation
frequencies represented in the study list. Six words were as-
signed to the Frequency 0 set, 8 to the Frequency 1 set, 10
to the Frequency 2 set, 12 to the Frequency 3 set, 6 to the
Frequency 4 set, 4 to the Frequency 5 set, and 2 to the Fre-
quency 6 set. (The number of items in each set was deter-

mined by the structure of the word pairs in the frequency
discrimination test.) Six different study lists were con-
structed by rotating target words through these sets so that
each word was presented at four of the seven presentation
frequencies. Practice words and primacy buffers occupied
the first 10 positions of each list, target words occupied the
middle 120 positions, and recency buffers occupied the last
10 positions. Target words were assigned to their positions
in a study list by successively partitioning these positions
into sixths, fifths, fourths, thirds, and halves and assigning
items from the Frequency 6, 5, 4, 3, and 2 sets, respectively,
to the positions in each portion. Items in the Frequency 1
set were assigned to the remaining positions. Position as-
signments were made randomly with the restriction that
there could be no fewer than five intervening items between
each presentation of a target word.

Frequency discrimination and frequency estimation tests
were constructed for each of the six study lists. The fre-
quency discrimination tests consisted of a total of 24 target
word pairs representing two test items for each of four
word pair combinations at each of three levels of frequency
difference. A word pair was composed of a least frequent or
base item and a most frequent item. The base item in a pair
was presented from one to three times in the study list, and
the most frequent item in a pair was presented from one to
six times in the study list. The presentation frequencies of
base words and most frequent words in Frequency Dif-
ference 1 pairs were either 0:1, 1:2, 2:3, or 3:4, respec-
tively; in Frequency Difference 2 pairs, they were 0:2, 1:3,
2:4, or 3:5, respectively; and in the Frequency Difference 3
pairs, they were 0:3, 1:4, 2:5, or 3:6, respectively. Across
the six frequency discrimination test lists, target words
were combined in such a way that each served equally
often as the least frequent and most frequent word in a pair
ahd also served equally often in pairs representing each of
the three levels of frequency difference. In each of these
tests, the least frequent word was presented in the first posi-

Table 1. Participant Characteristics

Divided Attention

Young Older

Focused Attention

Young Older

Frequency Discrimination
Age (years)
Education (years)
Vocabulary"
Information"
Digit Span""
Digit Symbol"

Frequency Estimation
Age
Education
Vocabulary"
Information'
Digit Span""
Digit Symbol"

21.11 (3.35)
14.00(2.06)
42.06(5.51)
17.17(2.97)
7.06(1.87)

68.11 (15.58)

20.67 (2.57)
13.44(1.34)
43.00 (6.84)
16.94(4.49)
7.00(1.68)

73.28 (9.86)

68.33(5.31)
14.61 (1.91)
55.11 (7.30)
23.11 (3.12)

7.00(1.94)
48.83 (8.37)

68.72 (6.90)
15.29(3.56)
55.94(6.81)
22.67 (2.74)

6.44(1.98)
50.11 (11.38)

21.61 (2.79)
14.39(1.54)
46.61 (5.71)
19.83(4.62)
7.27 (2.02)

69.78(11.42)

21.56(2.50)
14.28(1.56)
45.61 (7.62)
19.22 (5.27)
7.94 (2.58)

70.44(10.56)

70.00 (6.75)
13.89(1.37)
48.72(10.14)
20.33(3.81)

6.22(1.11)
40.00(12.77)

72.83 (6.78)
14.61 (1.75)
50.17(8.49)
20.44 (3.05)

6.44(2.01)
42.89(10.41)

Note: Standard deviations are in parentheses.
"Subtests of the WAIS-R (Wechsler, 1981).
bBackward Digit Span only.
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tion for half of the pairs, and the most frequent word was
presented in this position for the remaining half of the
pairs. The frequency estimation test lists were constructed
by separating the 24 word pairs in each of the frequency
discrimination tests and rearranging these items into
48-item lists.

Procedure
Participants were tested individually or in pairs in a

session lasting approximately 1 hour. After completing
consent procedures and a questionnaire on health status
and biographical information, participants began the
study phase. The procedure for this phase varied depend-
ing on the condition to which the participant had been as-
signed. Participants in the focused attention condition
saw a series of words projected on a screen at the rate of
one word every 5 seconds. They were told that some of
the words would appear more than once and that their
memory for the words would be tested. The nature of the
memory test was not specified. Participants in the divided
attention condition saw the same series of words and re-
ceived the same instructions concerning word repetition
and the memory test, but they also performed a cumula-
tive addition task while studying the words. They were
told that attending to the study list and performing the ad-
dition task were equally important. For the cumulative
addition task, participants were given the number 1847
just prior to study list presentation and were instructed to
start from this number and count forward by two each
time the word on the screen changed. They were not al-
lowed to write down the intermediate results of their cal-
culations, and they were reminded that they must keep
these results in mind to update the count accurately as the
screen changed.

After study list presentation, there was a 5-minute reten-
tion interval during which the experimenter queried the di-
vided attention participants about the cumulative addition
task and engaged the focused attention participants in con-
versation. At the end of this interval, the participants com-
pleted either a frequency discrimination or a frequency
estimation test. For both types of frequency test, the par-
ticipants were told that their test booklets contained study
list words and words that had not been presented before,
and that the words in the study list had been presented from
one to six times. For the frequency discrimination test, par-
ticipants circled the word in each pair that occurred most
frequently in the study list; for the frequency estimation
test, they indicated how many times each word had ap-
peared in the study list. After finishing the frequency judg-
ment test, participants completed the WAIS-R (Wechsler,
1981) Vocabulary, Information, Backward Digit Span, and
Digit Symbol subtests.

RESULTS

Analyses were conducted on intelligence measures
[WAIS-R (Wechsler, 1981) Information, Vocabulary, Back-
ward Digit Span, and Digit Symbol subtest scores] and on
frequency discrimination and estimation data. All effects
reported as significant reached a criterion of p < .05.
Strength of association was measured by partial rf.

Cumulative Addition Task
Most of the participants indicated that they thought the

counting task was difficult, and several indicated that they
knew they had lost count during the presentation, but con-
tinued to add 2 to the number they thought was correct.
Two young participants and one older participant indicated
that they simply stopped counting during the task. To en-
sure that participants who did not perform the divided at-
tention task correctly were not included in the sample, we
replaced anyone who missed the correct count by more
than 100. Of the remaining participants, 10 of the 36
younger adults and 6 of the 36 older adults reported the
correct total. Altogether, 94% of the young participants (34)
arid 100% of the older participants (36) reported a final
value that missed the actual total by 50 or less.

Intelligence Measures
To assess the degree of consistency in the intelligence

measures across the six Age X Attention X Test Type con-
ditions, a multivariate analysis of variance (MANOVA) was
conducted on WAIS-R (Wechsler, 1981) Information, Vo-
cabulary, Backward Digit Span, and Digit Symbol scores.
These data are presented in Table 1. Age was the only sig-
nificant main effect, F(5,132) = 57.25 (all others, F < 1.00).
Follow-up univariate tests of the age effect indicated that
young participants' scores were higher than older partici-
pants' scores on the Backward Digit Span, F(l,136) = 6.02,
MSe = 3.74, rf = .04, and Digit Symbol, F(l,136) = 163.41,
MSe = 131.64, r\2 = .55, subtests, but older participants'
scores were higher than young participants' scores on the
Vocabulary, F( 1,136) = 43.40, MSe = 55.33, rf = .24 and
Information, F( 1,136) = 27.03, MSe = 14.92, rf = .17, sub-
tests.

The only significant interaction effect was that between
age and attention, F(5,132) = 6.32 (all others, F < 1.00).
Follow-up univariate tests for each individual difference
variable indicated that this interaction occurred for Vocabu-
lary, F(l,136) = 15.20, MSe = 55.33, rf = .10, Information,
F(l,136) = 14.91, MSe = 14.92, rf = .10, and Digit Symbol
scores, F(l,136) = 4.87, MSe = 131.64, rf = .03. In each
case, older adults in the divided attention condition per-
formed better than older adults in the focused attention con-
dition, whereas young adults in the focused attention condi-
tion performed similar to or somewhat better than young
adults in the divided attention condition (see Appendix,
Note 1).

Older adults typically outperform young adults on mea-
sures of crystallized intelligence that reflect the use of
well-learned, general knowledge (e.g., Vocabulary and In-
formation); however, they perform more poorly than young
adults on measures of fluid intelligence that reflect speed of
processing and the operation of working memory (e.g.,
Digit Symbol and Digit Span, respectively). Our findings
are consistent with these typical age-related differences in
intelligence measures. Interestingly, prior research has
shown that measures of both crystallized and fluid intelli-
gence covary with frequency discrimination performance
for young adults, but not for older adults (Kausler & Puck-
ett, 1980). We therefore examined the correlations between
our participants' WAIS-R (Wechsler, 1981) subtest scores
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and their performance on the frequency discrimination and
estimation tests. Further details concerning these analyses
are provided in the sections below.

Frequency Discrimination
Frequency discrimination performance was evaluated

using the proportions of correct responses for each of the
three frequency difference conditions (see Appendix, Note
2). For each participant, the proportion correct for the Fre-
quency Difference 1 condition was computed by averaging
the scores for target word pairs with presentation frequen-
cies of 0:1, 1:2, 2:3, and 3:4; for the Frequency Difference
2 condition, it was computed by averaging the scores of
pairs with frequencies of 0:2, 1:3, 2:4, and 3:5; and for the
Frequency Difference 3 condition, it was computed by av-
eraging the scores of pairs with frequencies of 0:3, 1:4, 2:5,
and 3:6. The mean proportions of correct responses parti-
tioned by age, attention, and frequency difference are
shown in Table 2.

A 2 (Age) X 2 (Attention) X 3 (Frequency Difference)
ANOVA revealed that although older participants were
somewhat less accurate than young participants in discrimi-
nating the frequencies of items in the test pairs, this differ-
ence was not significant, F(l,68) = 2.35, MSe = .05, 172 =
.03. Discrimination accuracy was lower in the divided at-
tention condition than in the focused attention condition,
F(l,68) = 12.04, MSe = .05, rf = .15, and the extent of the
decline in performance associated with divided attention
was similar for participants in both age groups, F(l,68) <
1.00, MSe = .05, rf = .00. Discrimination accuracy in-
creased as frequency difference increased, F(2,136) =
15.90, MSe = .02, rf = .19, and this effect did not vary as a
function of age or attention (all tests, F < 1.00).

Correlations between average proportion correct and the
various intelligence measures collapsed across the two at-
tention conditions are presented in Table 3. The young par-

ticipants' frequency discrimination performance was
positively correlated with WAIS-R (Wechsler, 1981) Infor-
mation and Vocabulary scores. Thus, for young adults,
higher scores on the tests of general knowledge were asso-
ciated with better frequency discrimination performance.
However, there were no significant correlations between
the older participants' judgment performance and any of
the intelligence measures. These findings partially repli-
cate those reported by Kausler and Puckett (1980). When
the Vocabulary score was entered as a covariate in a 2
(Age) X 2 (Attention) X 3 (Frequency Difference) AN-
COVA, there was no change in the pattern of results. How-
ever, when the Information score was entered as a covari-
ate, a main effect of age emerged, F(l,67) = 4.41, MSe =
.05, rf= .04. Evidently, overall frequency discrimination
accuracy was mediated by factors related to the partici-
pants' level of general knowledge. When age-related vari-
ance associated with this measure was controlled (i.e., the
young adults' disadvantage was eliminated), an age differ-
ence was revealed.

Table 2. Mean Proportions Correct in Frequency Discrimination

Divided Attention
Young
Older

M

Focused Attention
Young
Older

M

One

.59 (.18)

.56 (.22)

.58

.65 (.16)

.65 (.26)

.65

Frequency Difference

Two

.68 (.18)

.60 (.15)

.64

.81 (.13)

.75(.17)

.78

Three

.74 (.14)

.69 (.19)

.71

.83 (.15)

.78 (.18)

.81

M

.67

.62

.77

.73

Note: Standard deviations are in parentheses.

Table 3. Correlations Between Frequency Test Measures and Intelligence Scores

Vocabulary" Information" Digit Span" Digit Symbol"

Young
Older

Young
Older

Young
Older

Young
Older

.43**

-.23

,34*
.14

.34=*

-.13

.30

-.13

Frequency Discrimination-Average Proportion Correct

.57** .01

- .16 - .06

Frequency Estimation-Average Unsigned Deviation

- .14

.22

.12

-.15

-.39*
-.42**

Frequency Estimation-Slope

4 1 * *

.37*

Frequency Estimation-Rank-Order Correlation

.08
-.19

.37*

.29

-.04
-.13

.09
-.16

.03

.13

.06

.08

Note: Average proportion correct is proportion correct collapsed across the three levels of frequency difference; average unsigned deviation is unsigned
deviation collapsed across the seven levels of actual frequency.

•Subtests of the WAIS-R (Wechsler, 1981).
bBackward Digit Span only.
*/><.05;**p<.01.
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Frequency Estimation
Analyses were performed on three measures computed

from each participant's estimation data (see Brown, 1995,
for further description of these measures). The mean un-
signed deviation of estimated frequency from presentation
frequency (i.e., lEstimated - Presentation Frequencyl) for
each level of presentation frequency provided information
on the degree of overall error in the participant's esti-
mates. The slope of the line relating estimated frequency
to presentation frequency provided a measure of whether
errors were due to the tendency to overestimate or under-
estimate event frequencies. And finally, the rank-order
correlation between estimated frequency and presentation
frequency measured the level of relative accuracy in esti-
mation, that is, how sensitive the participant's estimates
were to differences in presentation frequency irrespective
of errors in response magnitude. Mean estimated fre-
quency by presentation frequency for the four Age X At-
tention conditions is shown in Figure 1; mean unsigned
deviations are shown in Table 4, and mean slopes and
rank-order correlations for these four conditions are
shown in Table 5.

Unsigned deviation. — Older participants' frequency es-
timations for study list items deviated more from presenta-
tion frequency than did young participants' estimations,
F(l,68) = 5.18, MSe = .78, rf = .07, reflecting estimation
errors of greater magnitude for older participants. In addi-
tion, differences in the magnitude of estimation error for
the two age groups were greatest at the higher frequencies,
F(6,408) = 2.91, MSe = .43, r/2 = .04. Divided attention
during encoding produced higher, levels of error than did
focused attention, F(l,68) = 22.92, MSe = .78, rf = .25, and
the magnitude of estimation error increased as presentation

>uc
0)
3
O"
at

0)
(0

"^
(A

III

c
a
o>
5

5-

•
•
a
o

Young,

Young,

Older,

Older,

Divided

Focused

Divided

Focused

Actual Frequency
Figure 1. Mean estimated frequencies for young and older par-

ticipants in the divided and focused attention conditions. Solid
lines represent the best linear fit for the means, and the dashed
line represents accurate frequency estimation.

frequency increased, F(6,408) = 110.49, MSe = .43, r? =
.62. The increase in error associated with presentation fre-
quency was greater for participants in the divided attention
condition than for those in the focused attention condition,
F(6,408) = 3.51, MSe = .43, rj2 = .05. However, increasing
age did not enhance the detrimental effects of attention on
estimation error (all tests, F < 1.00).

Correlations between average unsigned deviation (mean
unsigned deviation collapsed across presentation frequency)
and intelligence scores collapsed across the two attention
conditions are presented in Table 3. There was a significant
negative correlation between average unsigned deviation and
Vocabulary for the young participants, and there were signifi-
cant negative correlations between average unsigned devia-
tion and Backward Digit Span for both age groups. Entering
Vocabulary as a covariate in a 2 (Age) X 2 (Attention) X 7
(Presentation Frequency) ANCOVA for the unsigned devia-
tion scores did not change the original pattern of findings, but

Table 4. Mean Unsigned Deviations for Frequency Estimation
at Each Level of Actual Frequency

Divided Attention
Zero
One
Two
Three
Four
Five
Six

M

Focused Attention
Zero
One
Two
Three
Four
Five
Six

M

Young

1.00 (.62)
.99 (.50)

1.05 (.33)
1.43 (.33)
1.77 (.48)
2.57 (.75)
3.11 (1.16)

1.70

.79 (.65)

.83 (.43)

.98 (.48)
1.23 (.39)
1.55 (.56)
1.57 (.71)
2.33(1.31)

1.33

Older

.80 (.63)

.92 (.44)
1.19 (.27)
1.51 (.45)
2.31 (.54)
2.74 (.90)
3.69(1.35)

1.88

.72 (.42)

.84 (.48)

.87 (.35)
1.24 (.30)
1.77 (.40)
2.32 (.74)
2.79(1.33)

1.51

M

.90

.95
1.12
1.47
2.04
2.65
3.40

.75

.83

.92
1.23
1.66
1.94
2.56

Note: Standard deviations are in parentheses.

Table 5. Mean Slopes and Rank-Order Correlations
for Frequency Estimation

Slope
Divided attention
Focused attention

M

Rank-Order Correlation
Divided attention
Focused attention

M

Young

.32 (.15)

.56 (.22)

.44

.41 (.16)

.58 (.18)

.49

Older

.25 (.16)

.40 (.17)

.32

.36 (.15)

.52 (.14)

.44

M

.28

.48

.38

.55

Note: Standard deviations are in parentheses.
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entering Backward Digit Span as a covariate reduced the age
difference observed in the original analysis, F(l,67) = 2.27,
MSe = .09, 172 = .03. Thus, factors related to performance on
this test of working memory mediated errors in frequency es-
timation. Higher Backward Digit Span scores were associ-
ated with lower estimation errors, and statistically eliminat-
ing the age-related variance associated with this measure
reduced age differences in estimation error.

Slope. — The mean frequency estimates shown in Figure
1 indicate that participants underestimated presentation fre-
quency regardless of age or attentional condition. This ten-
dency to underestimate frequency is also reflected by mean
slope scores for the four conditions that were under 1.00.
Older participants' slopes were lower on average than those
of young participants, F(l,68) = 7.46, MSe = .03, 172 = .10,
showing that the rate of increase in estimated frequency
with increasing presentation frequency was lower for older
participants. This difference suggests that the age differ-
ences in overall estimation error were due to a greater ten-
dency on the part of the older participants to underestimate
frequency at the higher presentation frequencies. Across the
two age groups, the rate of increase in estimated frequency
was lower when attention was divided during study list pre-
sentation than when it was focused, F(l,68) = 21.56, MSe =
.03, rf = .24, and the magnitude of underestimation follow-
ing divided attention did not change with increasing age,
F(l,68) = 1.23, MSe = .04, rf = .02.

Correlations between slope and intelligence scores col-
lapsed across the attention conditions are presented in Table
3. There was a positive correlation between slope and Vo-
cabulary for the young participants, as well as positive cor-
relations between slope and Backward Digit Span for both
age groups. Entering Vocabulary as a covariate in a 2 (Age)
X 2 (Attention) ANCOVA did not change the original pat-
tern of findings. However, when Backward Digit Span was
entered as a covariate, the effect of age observed in the
original analysis was reduced, F(l,67) = 4.06, MSe = .03,
172 = .06. Thus, in agreement with the previous findings for
the unsigned deviation data, factors related to working
memory performance mediated the degree of underestima-
tion in frequency estimation performance; that is, the
higher this performance, the faster the rate of increase in
frequency estimation over presentation frequency. When
variance associated with differences in the two age groups
on this measure was removed (i.e., young participants' ad-
vantage was eliminated), age differences in the magnitude
of frequency estimations were reduced.

Rank-order correlation. — Rank-order correlations be-
tween estimated frequency and presentation frequency did
not differ for the two age groups, F(l,68) = 2.18, MSe = .03,
172 = .03, showing that young and older adults were equally
sensitive to relative differences in the frequency of the target
events. However, participants in the divided attention condi-
tion were less sensitive to these differences than participants
in the focused attention condition, F(l,68) = 18.68, MSe =
.03, i72 = .22, and increasing age did not magnify the detri-
mental effect of divided attention on sensitivity to differ-
ences in presentation frequencies, F(l,68) < 1.00.

Correlations between rank-order correlation and intelli-
gence scores collapsed across the attention conditions are
presented in Table 3. There was a significant positive corre-
lation between rank-order correlation scores and Backward
Digit Span for the young adults, but the relationship be-
tween these two measures was only marginally significant
for the older adults (p < .08). Entering Backward Digit Span
as a covariate in a 2 (Age) X 2 (Attention) ANCOVA for the
rank-order correlations did not change the original pattern of
results. Thus, although higher Backward Digit Span scores
were associated with greater sensitivity to differences in the
presentation frequencies of target events, statistically remov-
ing variation associated with age-related differences in this
measure of working memory had little effect on the outcome
of the analysis for the frequency sensitivity measure.

DISCUSSION

This experiment has produced four main findings that are
relevant to the issue of age differences in frequency judg-
ment. First, old age did not magnify the detrimental effect
of distraction on performance for either frequency discrimi-
nation or frequency estimation. Second, there were no age
differences in frequency discrimination, but older adults'
frequency estimation performance was less accurate than
that of young adults. Third, the pattern of effects for age
and distraction varied across the different measures of fre-
quency judgment. Specifically, distraction during encoding
reduced both discrimination accuracy and the rank-order
correlation between estimated frequency and presentation
frequency; however, there were no age differences in these
measures. On the other hand, both distraction and old age
led to higher levels of overall error in frequency estimation
and to a greater tendency to underestimate frequency at the
higher presentation frequencies. Thus, distraction was asso-
ciated with reductions in both sensitivity to relative fre-
quency and accuracy of estimation, whereas age was asso-
ciated only with reduced accuracy of estimation. Finally,
for young adults, higher WAIS-R (Wechsler, 1981) Infor-
mation scores were associated with better frequency dis-
crimination, and statistically equalizing performance for the
two age groups on this measure of general knowledge pro-
duced an age difference in discrimination accuracy. In con-
trast, for both young and older adults, higher Backward
Digit span scores were associated with lower absolute error
of estimation and less underestimation of frequency. Statis-
tically equalizing the two age groups' performance on this
measure of working memory reduced age differences in
both absolute error and degree of underestimation.

The present results are consistent with earlier findings
(e.g., Kausler et al., 1981; Maki & Ostby, 1987; Naveh-Ben-
jamin & Jonides, 1986; Sanders et al., 1987), showing that
distraction has a detrimental effect on frequency judgment
performance. The finding that distraction was associated
with both decreased sensitivity to relative differences in pre-
sentation frequency and increased errors from underestima-
tion of frequency suggests that target events in this condition
were encoded in a very superficial way. However, the ques-
tion of greatest interest to us was whether distraction during
encoding would produce greater disruption in the frequency
judgments of older adults than in those of young adults.
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Kausler and his colleagues (Kausler et al., 1981) found that
monitoring the letter case of words studied for an expected
memory or frequency test did not produce a greater degree
of disruption in older adults' frequency discrimination per-
formance. We thought that the case monitoring task might
not differentially tax the attentional resources of the older
participants and predicted that a more difficult cumulative
addition secondary task would produce greater costs in older
adults' frequency judgment. We also predicted that this ef-
fect would be stronger for frequency estimation than fre-
quency discrimination. However, the present results offer lit-
tle support for these predictions — no matter how we
measured frequency judgment, divided attention during pre-
sentation did not have a differentially greater effect on older
adults' performance. Our results thus support and extend the
Kausler et al. (1981) findings.

Although the high cost of distraction during encoding
was clear in both frequency discrimination and frequency
estimation, old age was associated with a decline only in
frequency estimation. Older adults had a greater magnitude
of absolute error in their estimations, and their lower slopes
indicated that this was due to a tendency to underestimate
frequency when presentation frequency was high. Given the
difficulty our older adults had in estimating how often very
frequent events occurred, it is possible that they might also
have shown a decline in frequency discrimination if we had
tested word pairs from the upper range of frequencies re-
quiring the most difficult discriminations (i.e., 4:5, 5:6). Al-
though we cannot completely rule out this possibility, three
pieces of evidence argue against the idea that older adults
are less sensitive to relative frequency differences for very
frequent events. First, Attig and Hasher (1980) compared
young and older adults' frequency discrimination perfor-
mance for the word pairs in question, and their results indi-
cated that discriminating between very frequent words was
equally difficult for the two groups. Second, in the present
study the Weber's law function for the frequency discrimi-
nation data was the same regardless of age; i.e., discrimina-
tion accuracy decreased to a similar degree for young and
older adults as the base frequency of word pairs increased
and the frequency difference decreased. Finally, an age-re-
lated difference was not observed in our measure of sensi-
tivity to relative frequency in estimation performance (i.e.,
the rank-order correlation between estimated and presenta-
tion frequency), despite the fact that the ordering of the fre-
quencies for the very frequent words contributed to this
measure. Therefore, in line with earlier suggestions by
Hasher and her colleagues (Attig & Hasher, 1980; Hasher
& Zacks, 1979), we offer the tentative conclusion that older
adults are as sensitive to the relative frequencies of target
events as young adults whether sensitivity is measured by
frequency estimation or frequency discrimination.

If older adults remain sensitive to relative frequency dif-
ferences, why do they make more absolute errors of estima-
tion and underestimate frequency to a greater degree than
young adults? Hasher & Zacks (1979) dismissed evidence
of an age difference in estimation accuracy by suggesting
that it simply reflects a conservative response bias. How-
ever, knowledge of the distribution of frequency values for
events is as critical to the accuracy of frequency estimation

as knowledge of the relative differences in frequency
among these events (Brown & Siegler, 1993). Moreover,
other researchers who have observed older adults' tendency
to underuse the higher frequencies in their estimation
(Tweedy & Vakil, 1988) have suggested that this could re-
flect a memory deficit. We suspect that this is so, but sug-
gest that this deficit may be limited to either the ability to
encode a distinctive trace for each repetition of an event or
to the ability to retrieve each of these traces.

Before discussing possible age-related changes in mem-
ory that could lead older adults to underestimate higher
event frequencies, two other factors that might be responsi-
ble for this outcome must be considered. First, it could be
argued that older adults simply do not use the higher fre-
quencies because they are less likely to acquire information
on the upper endpoint of the range of these frequencies.
However, even if our older participants did not learn the
range of frequencies during presentation, they knew it be-
fore the estimation test because participants in both age
groups were explicitly reminded that items on the test had
been presented from zero to six times and that they should
use this range of frequencies in making their estimations.
Moreover, nearly identical numbers of young (26) and
older (23) participants used the highest frequency response
at least once during the estimation test. Second, it might be
argued that our participants were using a counting strategy
during encoding and that the older ones were more likely to
lose count at the higher frequencies. Although it is possible
that some participants counted occurrences it is unlikely
that they were doing so because (1) they were unaware that
their memory for frequency would be tested, (2) counting is
a cognitively demanding activity (Hintzman, 1988; Jonides
& Naveh-Benjamin, 1987), and (3) the cumulative addition
task performed in the divided attention condition would ef-
fectively prevent counting. Finally, both young and older
participants underestimated frequency despite the fact that
they knew the range of frequencies before the test. Brown
(1995) has shown that when the range of frequencies is
known, underestimation is indicative of the retrieval and
enumeration of individual memory traces to obtain fre-
quency estimates.

Turning now to the age-related changes in memory that
could account for our findings, we propose that, under most
circumstances, older adults are proficient at encoding and
retrieving the information that allows them to judge relative
frequency, but they are less proficient at encoding or re-
trieving the information that allows them to determine the
exact number of times an event occurs. It has been sug-
gested that older adults encode events in the "same old
way" from one occurrence to the next (Rabinowitz et al.,
1982). Proponents of this view do not believe that older
adults encode superficial or shallow representations of
events (cf. Eysenck, 1974); rather, they argue that their abil-
ity to encode general semantic information is preserved,
while their ability to encode a distinctive, contextually spe-
cific representation declines (Craik & Jennings, 1992).
Thus, one explanation for the present findings is that there
is little or no change in older adults' ability to discriminate
the frequency of repeated events, because their memory for
the general semantic attributes of these events remains in-
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tact; however, their ability to accurately estimate the fre-
quency of repeated events declines because they are less
likely to encode or retrieve the contextual detail that makes
each repetition of these events distinctive in memory.

A considerable amount of research indicates that there is
little age-related change in memory for the general semantic
attributes of to-be-remembered single events (for a review,
see Light, 1991). The present results are consistent with the
idea that older adults also encode these attributes for repeated
events effectively. As a result, information on variations in
the familiarity or echo intensity of these events (i.e., Hintz-
man, 1988) is present in memory and can be used to evaluate
relative frequency differences. On the other hand, retrieval
and enumeration of each presentation of the same nominal
event may ultimately depend on whether one has encoded or
can retrieve enough contextual information to distinguish the
various memory traces for that event (Begg et al., 1986). Any
age-related decline in contextual memory would thus impair
older adults' ability to estimate frequency.

Prior studies have consistently shown that older adults
have disproportionately poorer memory for the temporal,
spatial, and perceptual context of to-be-remembered events
than for the events themselves (for reviews, see Craik &
Jennings, 1992, and Light, 1991), and they are more likely
to forget the source of an event rather than the event itself
(e.g., Mclntyre & Craik, 1987). More recent findings sug-
gest that older adults encode nonsemantic contextual at-
tributes, but they have difficulty retrieving this information
when deliberate recollection is required (cf. Light, La Voie,
Valencia-Laver, Albertson Owens, & Mead, 1992). On the
other hand, memory for semantic context may remain
largely intact across the life span except under difficult en-
coding conditions (Craik & Jennings, 1992). For example,
studies of age differences in encoding specificity have indi-
cated that older adults benefit as much as young adults from
matching encoding and retrieval contexts (Park, Puglisi,
Smith, & Dudley, 1987), except when attention has been di-
vided at encoding (Puglisi, Park, Smith, & Dudley, 1988) or
when target items must be integrated with weak or semanti-
cally unrelated contexts (Hess, 1984; Rabinowitz et al.,
1982). In the present experiment, the unrelated words that
preceded and followed target words provided only a weak
semantic context for these words. Thus, our older adults
may not have encoded enough semantic and nonsemantic
contextual information to make the memory trace of each
target word repetition distinctive. Alternatively, they may
have encoded this information, but could not use it to gain
access to each trace of a repeated word. Failure to encode or
retrieve context would inevitably lead to difficulties in re-
trieving and counting these memory traces to obtain a nu-
merical estimation of frequency (see also, Begg et al., 1986;
Jonides & Naveh-Benjamin, 1987).

Our correlational data also seem to be consistent with this
view. For young adults, frequency discrimination perfor-
mance covaried with level of general knowledge, whereas for
both young and older adults, frequency estimation accuracy
covaried with working memory ability. As is commonly ob-
served, our older adults displayed greater general knowledge
than our young adults, but poorer working memory. When
the difference in general knowledge for the two age groups

was eliminated statistically, an age difference emerged on the
frequency discrimination task. Greater general knowledge
may lead to more effective semantic processing of events
(Craik & Jennings, 1992), and the older adults' advantage in
this area relative to young adults could serve to minimize
age-related differences in frequency discrimination. This
may also explain why older adults' discrimination accuracy
is lower when novel, nonverbal target items are used (Wiggs,
1993; Wiggs et al, 1994, Exp. 2); when target words are
thought to be irrelevant (Kausler et al., 1984); and when
young adults have especially high verbal intelligence scores
(Kausler et al., 1981). In each of these cases, the young
adults may have processed the semantic attributes of target
events more effectively or thoroughly than the older adults.
In contrast to these findings, removing the age difference in
working memory resulted in the reduction of age differences
in frequency estimation accuracy. Although the role of work-
ing memory in encoding and retrieval is not well specified
(Craik & Jennings, 1992), intact working memory may be
necessary for effective encoding and retrieval of the contex-
tual information that enhances frequency estimation perfor-
mance. Interestingly, poor memory for context has also been
linked to age-related declines in frontal lobe functioning
(Craik, Morris, Morris, & Loewen, 1990), and a recent study
by Smith (1996) has shown that individuals with frontal
lobectomies perform more poorly on a frequency estimation
task than normal controls. Findings such as these point to the
need for further research on the relationship between fre-
quency judgment and individual differences in basic cogni-
tive and neuropsychological functioning.

In summary, the results of this experiment suggest that
older adults process the repetitions of events in such a way
that variations in the familiarity of these events are preserved,
but they do not encode or are unable to retrieve enough con-
textual information to distinguish among the memory traces
generated for each repetition. Hence, there are often no age
differences in sensitivity to the relative frequencies of re-
peated events, but older adults are consistently less accurate at
estimating the absolute number of times these events occur.
One important implication of these results is that probing
older adults' memories for the absolute frequency of everyday
events may produce an inaccurate picture of how often these
events actually occur. A more accurate representation may be
obtained by structuring questions in such a way that older
adults can make good use of their sensitivity to the relative
frequency differences among these events.
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Appendix

Notes

1. The relatively higher intelligence scores of older adults as-
signed to the divided attention condition raised two issues of con-
cern. First, we wondered whether eliminating older participants
who did not perform the divided attention task correctly might
have inadvertently led to the elimination of individuals with lower
intellectual ability from this condition. We found, however, that the
mean WAIS-R scores of the eliminated participants were almost
identical to those left in the sample. Our second concern was that
this pattern of results for the intelligence scores would compromise
the outcomes of the tests of the Age X Attention interaction in our
frequency discrimination and estimation data. However, this did
not happen — the reported outcomes of these tests remained un-
changed after we reanalyzed both sets of data using ANCOVA with
the intelligence measures as covariates.

2. A 2 (Age) X 2 (Attention) X 3 (Base Frequency) X 3 (Fre-
quency Difference) ANOVA performed on the full set of 24 dis-
crimination accuracy scores indicated that these data conform to
what would be predicted by Weber's Law. Specifically, discrimi-
nation accuracy decreased as base frequency increased, F(3,204)
= 9.22, MSe = .09, rf = .12, and increased as frequency difference
increased, F(2,136) = 15.94, MSe = .10, if = .19. There was no in-
teraction between base frequency and frequency difference, nor
were there any interactions between these two variables and age or
attention (all Fs < 1.50). Thus, the Weber's Law function for these
data was the same regardless of age or attention.
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