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Age differences in storage and retrieval:
A multinomial modeling analysis
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An experiment is reported that examined the memory differences between 23 college students
(21-41 years old) and 23 elderly adults (64-92 years old). Both groups memorized lists ofcategor
ically related words over a series of three study-test trials in a free-recall design. Consistent with
prior research on aging effects, the elderly subjects performed more poorly on the number of words
recalled, the number of categories recalled, the number of items recalled per category, and the
amount of category clustering. To help determine if these differences were due to storage or
retrieval processes, Batchelder and Riefer's multinomial model for measuring storage and retrieval
was used to analyze the data. The model suggested that age differences were primarily due to
retrieval factors and not to storage factors . These results are consistent with a number of retrieval
based theories of aging effects .

The finding that memory deficits occur in the elderly
has been well documented in a variety of different studies
(see Burke & Light , 1981, and Poon, 1985, for reviews) .
But a question that still remains is which specific cogni
tive functions actually decline with age and which do not.
Some theorists (e.g., Schonfield & Robertson, 1966;
Shaps & Nilsson, 1980) have argued that older subjects
suffer from impairment of retrieval processes, with no
corresponding decrement in storage capacity. Experimen
tal support for this idea comes from research showing that
age differences that occur in free-recall tasks tend to dis
appear when memory is tested by cued recall (e.g ., Lau
rence, 1967) or recognition (e.g., Schonfield & Robert
son, 1966) . This finding is consistent with retrieval
explanations of aging effects, since retrieval processes are
assumed to be lessened or eliminated with cued recall or
recognition. In addition, Craik and Masini (1969) have
shown that memory impairment in the elderly is charac
terized by differences in the number of categories recalled
from a categorized list but not in the number of items
recalled per category . This finding suggests that the
elderly have poorer accessibility, or retrieval , of items
but have normal storage, or availability, of items.

Other researchers, however, have questioned this inter 
pretation of the above findings . One problem with the "re
trieval hypothesis" is that many of the findings support-
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ing this explanation have not always been replicated. For
example, there are studies that show that age differences
are still evident for cued recall (Drachman & Leavitt,
1972), recognition (White & Cunningham, 1982), and
items per category (Hultsch, 1975) . Also, a number of
theorists (e.g. , Craik & McDowd, 1987) have pointed out
the methodological problems inherent in comparing free
recall performance with recognition performance. Perhaps
the most comprehensive criticism comes from Smith
(1980), who argues that encoding explanations of aging
effects cannot totally be ruled out by examining the con
trast between free recall, cued recall , and recognition. This
is because differences in retrieval inherently depend on the
initial levels of encoding, which may not always be equiva
lent in young and old adults. These considerations have
led Smith (1980) and other theorists (e.g . , Drachman &
Leavitt, 1972) to conclude that the elderly do not suffer
from retrieval deficits alone but also exhibit some impair
ment in their storage processes. Thus, the storage-retrieval
question remains a matter of some debate .

One of the limitations of previous research on the
storage-retrieval debate is that substantive models of
memory have rarely been used to address this issue (see
Howe, 1988, for a notable exception). Instead, most re
searchers have used comparisons between various ad hoc
statistics , such as cued recall, item recognition, and items
recalled per category, to explore the storage and retrieval
bases of aging effects. But Batchelder and Riefer (1986,
1990; Riefer & Batchelder, 1988) have explicitly shown
that empirical statistics such as the ones above can present
a misleading picture of cognitive processing, because they
often result from a combination of different cognitive
events . In other words, a statistic that is designed to mea-
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sure a specific cognitive process can sometimes be in
fluenced by other processes and thus is not a pure mea
sure of any single one. As an alternative to empirical
statistics, Riefer and Batchelder (1988) have advocated
a type of mathematical modeling , calledmultinomial mod
eling, for studying and measuring underlying cognitive
processes. With regard to models for the measurement
of storage and retrieval, Batchelder and Riefer (1986) have
developed and tested a multinomial model that is capable
of taking a special type of free -recall data and estimating
separate storage and retrieval parameters. As such, it pro
vides a more theoretically motivated measure of storage
and retrieval that does not rely on an empirical compari
son of ad hoc statistics.

The experimental paradigm behind the model involves
a free -recall task in which subjects memorize a list of
words containing several category pairs (e.g ., oxygen and
hydrogen) and singletons (unpaired category words) . The
recall of each category pair is scored into one of four
mutually exclusive events: (1) EI-both words recalled,
adjacently, (2) E2-both words recalled, nonadjacently,
(3) E3-0nly one word in the pair recalled, and (4) E4

neither word in the pair recalled. The recall of the sin
gletons is scored into two events: (1) Ft-recalled and
(2) F2-not recalled. N, is defined as the frequency of oc
currence for recall event Ei, and Mj is the frequency of
event Fj, with N = NI +N2+N3+N4and M = M1+M2.
The model assumes that these recall statistics are a func
tion of three probabilistic events: (1) c-the probability
of forming and storing a cluster, (2) r-the probability
of retrieving a cluster, if stored, and (3) u-the probabil
ity of recalling a nonclustered item as a singleton. In es
sence, c measures the storage of items, whereas r mea
sures their retrievability . Batchelder and Riefer (1986)
have provided closed-form, maximum-likelihood estima
tors for the three parameters , as well as information on
how to conduct various hypothesis tests about differences
in parameter values across experimental groups.

Thus, the purpose of this article is to apply Batchelder
and Riefer's (1986) storage-retrieval model to the issue
of whether memory differences due to aging are the result
of storage loss, retrieval failure, or both. Specifically, the
model is applied to a free-recall experiment in which
groups of both young and old adults memorized lists of
categorically related words over a series of three study
test trials. Many previous studies have also examined ag
ing effects by using a serial free-recall paradigm, and so
it was expected that the results of this experiment would
show a memory deficit in the elderly group similar to that
in the young adults . However, by using the model to mea
sure separate storage and retrieval parameters from the
data, it can be determined what combination of the two
factors contribute to the differences between the young
and elderly groups.

METHOD

Subjects
A total of 46 volunteers (23 young adults and 23 elderly adults) partici

pated in the experiment. The young adults were college students from

California State University at San Bernardino. Their ages ranged from
21 to 41. with a mean of 29.9. The elderly participants were recruited
from a local retirement center and a senior citizens church group. Their
ages ranged from 64 to 92, with a mean of 77.0. Questionnaires were
administered to all participants to ascertain their education, health, and
vision. Allof theelderly subjects includedin thestudy were in good health
and had good vision with glasses. Also. the majority of the elderly sub
jects (74%) had some college education; the rest had finished highschool.

Materials
Subjects were presented with lists of 39 words, each consisting of

16 category pairs (e.g ., oxygen and hydrogen) and 7 singletons (in
dividual words that did not have a category mate) . All words were
selected from the Battig and Montague (1969) category norms. Howard
(1980) has shown that these norms are generally appropriate for use
with elderly populations, and care was taken to select categories that
would be equally familiar to bothage groups.Twenty-four total categories
from the Battig-Montague norms were used, and two high associates
from positions 2 to 5 were selected from each category . The 39 items
for each list were selected from this pool of 48 words, with a different
set of 39 items randomly selected for each group of subjects run in the
experiment. To control for serial-position effects, 3 pairs and I single
ton were randomly selected for inclusion in the primacy region of the
list (first 7 items), and another set of 3 category pairs and I singleton
was selected for the recency region (last 7 items). The first and last 7
items were not included in the data analysis . The remaining portion of
the list consisted of 10 category pairs and 5 singletons. Each singleton
was generated by first selecting a category pair and then randomly choos
ing one of the two exemplars from that category to serve as the singleton.

Procedure
All subjects were run in small groups-the college students within

university classrooms and the elderly subjects at either their retirement
center or their church . Subjects attempted to memorize and recall three
word lists in a series of successivestudy-test trials. Words were presented
one at a time on a slide projector, at a rate of 5 sec/word. The same
39 words appeared within each of the three presentations of the list but
in a different order of presentation for each trial . Presentation order
was randomly determined, under the constraint that a lag of between
2 to 6 items appeared between the two members of each category pair.
After the presentation of each list , subjects were given 3 min for writ
ten free recall.

RESULTS

Empirical Analysis
Except where noted , all statistical tests were conducted

using the .0 1 rejection level. Table 1 presents the propor
tion of words recalled, P(c), for the young and old adults

Table 1
Recall Data for Young and Old Adults

Trial I

Young .41 .53 1.58 .Il 48 25 50 107 37 78
Elderly .23 .33 1.53 .09 38 5 33 154 15 100

Trial 2

Young .66 .76 1.77 .24 104 33 38 56 69 46
Elderly .37 .47 1.58 .12 54 14 41 121 34 81

Trial 3

Young .78 .84 1.88 .29 125 47 21 37 86 29
Elderly.47 .59 1.68 .19 81 15 39 95 44 71

Note-P(c) = probability correct; P(cat) = proportion of categories
recalled ; fPC = items per category (out of 2); RR = ratio of repeti
tion; N. = both items recalled adjacently ; N2 = both items recalled
nonadjacently; N3 = one and only one item recalled ; N. = neither item
recalled; M. = singleton recalled ; M2 = singleton not recalled .
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across the three study-test trials . Not surprisingly, the
recall for both groups significantly improved across trials
[F(2,88) = 122.59, MSc = 5.78). Also as expected, the
young adults recalled significantly more words than did
the elderly across all three trials [F(1,44) = 28.93, MSc =
50.06). These main effects are qualified, however, by a
significant age x trials interaction [F(2,88) = 7.11 ,
MSc = 5.78), which revealed that the difference in recall
between the young and the elderly subjects became larger
over trials .

In addition to the proportion of words correctly recalled,
three other measures appropriate to categorized lists were
examined: P(cat), the proportion of categories represented
in recall ; [PC, the proportion of items recalled per
category; and the ratio of repetition (RR), a clustering mea
sure used by Sanders , Murphy, Schmitt, and Walsh (1980)
to examine the effects of age on organizational processes
in the elderly. All of these statistics were computed for
the category-pair data only, and the results are presented
in Table 1. All three measures showed significant improve
ment over trials for both young and old subjects [P(cat),
F(2,88) = 63 .74 , MSc = 1.47 ; [PC, F(2,82) = 17.53,
MSc = 0 .03 ; RR, F(2,88) = 34.35, MSc = 2.31). In ad
dition, the college students had significantly higher scores
than the elderly for P(cat) [F(1,44) = 27.91, MSc = 9.78),
[PC [F(1Al) = 4.95, MSc = 0 .14, P < .05), and RR
[F(1,49) = 14.23, MSc = 9 .20) .

Model Analysis
Although the experimental results show reliable age dif

ferences for all of the empirical measures, these analyses
in themselves do not indicate whether the differences are
due to storage or retrieval. To determine this, the N, and
Mj data statistics for the storage-retrieval model were
tabulated and are presented in Table 1. These values were
summed across subjects, and the logic behind applying
the model to group aggregate data rather than to individual
subject data is addressed in detail in Riefer and Batch
elder (1991).

The first step in analyzing the data is to determine the
goodness of fit of the model. As shown by Batchelder and
Riefer (1986), this can be determined by the log-likelihood
ratio statistic G", which is asymptotically distributed as
a chi-square variable with 1 degree of freedom . The G?
goodness-of-fit values are presented in Table 2 for each
data set, and in general, the fit of the model is fairly good,
with only one data set leading to rejection of the model.
The overall fit of the model, computed across all six data
sets in the experiment, also provides an acceptable fit to
the data [Gl(6) = 10.62, p > .10].

Table 2 also presents the maximum-likelihood estimates
for the three parameters and 95 %confidence intervals for
parameters c and r. As can be seen, there were small
storage differences (as measured by c) between the young
and the elderly subjects across the three trials; however,
the differences were not statistically reliable [G 1(3) =
2.41, n.s.]. In contrast, significant differences were found
between the two groups on the retrieval parameter r.
Although the groups did not significantly differ for Trial I

Table 2
Parameter Estimates and GoocIDe8-of·folt Measuns

for Y0UIlI and Old Adults

c r u G'(1)

Trial I

Young .47 .44 .38 5.44·
(.35• .(0) (.30..57)

Elderly .40 .42 . 15 1.46
(.11• .68) (.11. .73)

Trial 2

Young .64 .70 .61 0.23
(.56• .71) (.62• .79)

Elderly .56 .42 .32 1.66
(.43• .69) (.30• .54)

Trial 3

Young .69 .79 .78 1.48
(.63• .75) (.72•.86)

Elderly .63 .56 .40 0.35
(.53• .73) (.45•.66)

Noo:---< = theprobability of forming and storing a cluster; r = thepr0b
ability of retrieving a cluster , if stored; u = the probability of recalling
a nooclustered item as a singleton. Nwnbers in parentheses are the95%
confidence interval for each parameter . G'(1) is the log-likelihood ra
tio statistic. .p < .OS.

[Gl(1) = 0.02, n.s.), the college students did retrieve sig
nificantly more items on Trial 2 [G 1(1) = 7.34] and
Trial 3 [G1( l) =8.52]. Table 2 also reveals that the young
subjects had larger values of the "nuisance" parameter
u than did elderly subjects. However, that parameter com
bines both storage and retrieval processes, so this differ
ence is difficult to interpret. One advantage of the model
is its ability to factor out this source of difference in as
sessing storage and retrieval differences.

One might argue that these results could be due, in part,
to the difference in education level between the two
groups . Some researchers (e.g., Perlmutter, 1978) have
pointed out that education level is a possible confound
ing variable in aging research and hence is a legitimate
source of concern. In an attempt to examine this factor,
the 23 elderly subjects were divided into two subgroups,
the 11 who attended more than one year of college and
the 12 who did not. No significant differences either in
recall or in the model's parameters were found between
the two subgroups. Moreover, the college-educated sub
group of elderly subjects still exhibited substantially
poorer retrieval scores than did the young college students.
This tends to indicate that the retrieval advantage for the
young college students was not merely due to their higher
average education level.

DISCUSSION

The empirical results of both the experiment and the model 's anal
ysis are consistent with retrieval-based explanations of age differences
in memory . The finding that elderly subjects recalled fewer categories
than did the young subjects is consistent with the results of Craik and
Masini (1969) and Hultseh (1975). and in itself supports the idea that
category pairs that were available for recall in the experiment were not
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as accessible to the older subjects. In addition, the model's analysis pro
vides even stronger support that it is retrieval failure, and not problems
with storage, that underlies the memory differences in the current ex
periment. Although differences between the two age groups were not
evident for the first trial, the model revealed that the elderly subjects
exhibited impairment of retrieval for later trials, without a correspond
ing loss of storage.

It is interestingto note that the elderly group also recalled fewer items
per category. This is an empirical findingthat has traditionallybeen used
as an indication of storage deficits in memory. For example, Hultseh
(1975), who found aging differences for IPC in an experiment similar
to this one, concludedthat the elderlysubjects in hisexperimentexhibited
a decrement in storage. If one were to examine only the empirical pat
tern of results in the experimentreportedhere, one mightalso be inclined
to conclude that there were storage differences between the age groups.
But from the perspectiveof the multinomial model's analysis, that would
be an incom:ctconclusion and wouldreinforce our earlier pointthat mathe
matical modelingprovidesa more theoretically motivated and potentially
superior method for measuring underlying cognitive processes.

It shouldbe noted that Bayen(1990)and Erdfelderand Bayen(in press)
have used our storage-retrievalmodel in their independently reportedex
perimentson aging in German-spealcing popu\aIions. In theirexperiments,
young and elderly subjects were presented with three presentationsof a
list containing category pairs separated by lags of 0 and 15 items. The
results of their more extensive studies were similar to ours for Trial I,
but they found significant effects for both parameters c and r on later
trials for pairs separated by Lag O. Thus, there seems to be strong evi
deoce for an age-related decrease in the retrieval parameter in the cur
rent paradigm; however, in some cases, there may also be small but reli
able declines in the storage parameter.

Clearly, more model-based work is needed in this area to sort these
issues out. Even though storage was not shown to be strongly influenced
by aging in the experiment reported here, it is possible that storagedeficits
may be found by using other models with different memory tasks. For
example, Howe (1988), using a two-stageMarkov model, found reliable
storage differencesbetweenyoung and elderly groups, althoughhe found
retrieval effects to be stronger. In addition, multinomial models exist for
measuringstorageand retrieval in other paradigms (e.g., Chechile, 1987;
Wilkinson, DeMarinis, & Riley, 1983), and, in fact, a number of these
have been used to examine differences betweenchildren and adults (see
Brainerd, 1985, for a review).

In addition, eventhoughthemodeltested here implicates retrieval deficits
as the source of age differences in memory, the results of this analysis
say nothing about which particular aspects of retrieval are impaired or
why that impainnent occurs. Many different hypotheses have been pro
posed concerning thesource of retrieval problemsin theelderly, and further
experimental research is needed to establishthe specificretrieval deficits
that occur in old age. The major point of this article has been to demon
strate how a particular mathematical model of measurementcan be used
to augment traditionalanalyses in exploring these issues. It is reasonable
to presume that theorists in this area will continue to be interested in the
underlyingcognitivebases for age differences in memory, and it is hoped
that researchers will increase their use of simple, formal models to in
vestigate these issues.
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