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A comparison of presentation rates
using a missing item probe test of immediate memory"

NANCY S. ANDERSONt and V. DAVID BURNS
Lniversity ofMaryland, College Park. Md. 20742

Two experiments are reported in which presentation
rates were compared using a "missing-item " probe
technique for digit lists of 12 or 16 items. The results
replicate previous studies (e.g ., Waugh & Norman, 1965)
in that probability of recall was found to be a
monotonically decreasing function of the number of
intervening items and no significant differences were
found between presentation rates. The results are
interpreted as further evidence against a time decay
hypothesis in immediate probed recall.

Several hypotheses have been proposed to explain the
result that. when memory is tested at brief delays
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following presentation , more recent list items are
recalled with a higher probability than earlier items
(recency effect). Brown (1958) argued that an item's
trace strength decays over time. whereas other
investigators (e.g., Waugh & Norman. 1965) have
concluded that interference resulting from the
presentation of subsequent items is the primary cause of
the effect. Of course, both factors could contribute to
forgetting, as has been shown by Wicklegren (1970) .

One method of distinguishing among the hypotheses
is to compare performance across presentat ion rates.
Unfortunately this comparison is complicated by the
presence of differential time for rehearsal or encoding
across presentation rates and by the possibility that
order of recall interacts with presentation rate
differences (posner, 1964). The latter difficulty can be
avoided by requiring the recall of only a single item
within each list, e.g., by presenting a single-item probe
and instructing Ss to recall the item which followed it in
the original list (Waugh & Norman. 1965). Waugh and
Norman also instructed their Ss not to rehearse previous
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Procedure
T hir ty-six Univer sity of Maryland undergraduates volunteered

as Ss and were given course cred it for their participation. The
stimuli co nsisted of l S-digit list s and were displayed , 4 digits per
exposure, in a Scientific Prototype tachisto scope set for either
1 sec/exposure (fo r the 4-d igit /se c pre sentation rate) or
4 sec/ex posure (for the 1 digit / sec rate) . Ss wer e ins truc ted to
read each digit aloud in tim e wit h a metron ome set at the
appropri ate rate and not to rehear se previou s items. In add ition,
half of th e Ss also voiced the word " the" aloud afte r each digit
read at the slow ra te. Th e word " the" was chosen to fill the
interval between digit s in an attempt to reduce subvocal
art icul at ion of items. as suggested by Murra y ( 1968) .

Prior to each list. S focu sed on a fixa tion point and then
pre ssed a button . which aft er a Ill-sec delay initiated presentation
of a list. Fo llowi ng the last exposur e. a dark fie ld signaled S th at
he was to turn the page in his answer booklet and fill in the
missing digit. guessing if he d id not kn ow. Th e it em to be
recalled was ind icated by a blank spac e (u nderlined ) at t he
appropriate . po sition . Afte r writing hi s d igit response. S was
instr uc ted to ind icate with o ne of the letters a. b. c. or d the
degree of confidence in his respon se. Ea ch S was ex po sed to 188
lists in a session lasting abo ut 75 min .

Design
Lists of 16 digit s were construc ted , using all 10 d igit s lO to 9) .

subject only to the restr ict ion th at no item occur mo re tha n

EXPE RIMENT II
The pu rpose of the second experiment was to test

further the time decay vs interference hypotheses with
the " missing-item" probe and add itional controls for
diffe rent ial enc oding. Confidence ratings were also
obtained in order to est imate sensitivity , using memory
operating characteristics (MOCs) .

Method

Results and Discuss ion
Proportion of correct responses , transformed by the

linear correction for guessing (with g = .1) used by
Waugh & Norman (1965) , is shown in Fig. 1 for each
rate of presentation as a function of number of
intervening items . The data are similar to those found by
Waugh & Norman (1965) in that proportion correct was
a decreasing function of the number of intervening
items, and no differences were found between rates of
presentation. These data differ only in that a slight
prima cy effect was found for the first and second items.
The prim acy effe ct can be accounted for by either the
slight ly slower rate of 3/sec compared to 4 /sec used by
Waugh and Norman and/or by the fact that all positions,
including the first two , were probed in the present study
compared to that of Waugh and Norman . Alternatively,
some Ss may have been rehearsing, even though the
instructions asked them not to rehearse.

mivvinc dicit . and S, were instructed to write down th e dig it that
occu rre d ' a t t ha t pos it ion in the origina l list. gue ssing if
unce rta in. In co ntrast to Waugh and Nor man. who did not pr obe
the first or last two serial posit ions. or selec ted ot her positions in
the middl e of th e list. 111 12 position s were pr obed in thi s stud y.
Sixtv-eieh t Ss were tested at th e slow ra te. and 76 Ss were te sted
at the -fa st rat e. T he fir st five tri als in each sessio n were
considered pract ice and were not score d. Aga in. Ss wer e asked
no t to rehea rse previ ou s item s.
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Fig. I . Proport ion correct as a function of number of
intervening items for each rate of presentation for lists of 12
digits.

item s, thus co nt rolling for one possible source of
differential encoding across presentat ion rates. Their
result s indicated th at probabilit y of recall (co rrected for
guessing) was a monoton ically decreasing functio n of th e
number of items intervening between present ation of a
item and test for that item. and th at there were no
significant differences between presentation rates.
Hence , the y concluded tha t the main source of
forgetting was due to interference . The same co nclusion
was reached by Norman (1966) for several presentation
rate s and both auditory and visual modes using the
single-item probe.

EXPE RIMENT I
The purpose of the first experiment was to compare

performance at two presentation rates similar to those
used by Waugh and Norman but to use a "missing-item"
probe techniqu e for sho rter list lengths. In the
" missing-item" probe technique. the entire list except
for a single to-be-recalled item is presented at time of
test. Since the maximum amount of informat ion is mad e
available to S as a cue for recall of the crit ical item , the
"missing-item" task may provide a mo re sensit ive
measure of memory for the tested item .

Method
Lists of 12 rando m digit s were recorded o n tap e at rat es of

either I or 3/sel'. Ss were tested in groups of 8 or 10 duri ng a
20-min interval. wh ich served as the int erven ing task during a
serial learn ing and retention ex periment rep orted by Anderson
(1969) . Ss listened to a tape-recorded presenta tion of 12 digit s at
eithe r I or 3/sec. After each list. the E held up a card with II of
th e 12 d igit s on it. with an underli ned bla nk space indicat ing the
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Table I
Average Proportion Correct

- - - - - ---''----

three time s per list. Henee. in the " m iv-inc-itcm " J' oppo sed to
th e single-ite m probe technique . tilt' dicit prec edi ng the criti.al
digit can occur elsewhere in the list. Onl~ Serial Po,;ilions 2, 3. ~ ,
6, 8. 10. II. 12. I~. and 15 were probed . and each of these was
probed equally often in a pseudorandom sequence , Sessions were
divided into four blocks. two at each presentation rate. and the
orders of presentation rates were counterbalanced . The first four
lists at each presentation rate wert' practice trials and were not
scored .

Group

Filled (the)
L'nfilled

ant' Per
Second

.51
A9

Four Per
Second

A8
.53

1.0,.

Fig. 2. Proportion correct as a function of number of
intervening items for each rate of presentation for lists of 16
digits.

posiuon tested . The sensitivity (Agl measure for the 2
presentation rates and 10 serial positions tested showed
superior performance at the slow presentation rate for 7
of 10 serial positions. A recency effect was evident using
the sensitivity measure similar to that found with
proportion correct. No consistent differences between
the filled and unfilled interval conditions were found
using the Ag measure .

DISCUSSION
The results of both experiments replicate prev ious studies

(Waugh & Norman. 1965 : Norman. 1966) in that no evidence for
diffe(ential forgetting rates between presentation rates or a
superiority of performance at the fast presentation rate was
obtained . The present study extends the previous result s to the
missing-item probe procedure. to a 12-item list , and to the case
when another possible confound ing factor , that of encoding. is
controlled . and hence provides further evidence against the
hypothesis of time decay in the immediate probe recall task . Th e
unexpected superiority of performance at the slow pres entation
rate by Ss in the tilled-interval condition in Experiment 11 argues
against the pre sence of rehearsal and suggests that saying " the"
in the interdlgit interval may actually facilitate performance.
perhaps by increasing the discriminability among items.

In summary. the results of the pre sent studies, in which
pre sentation rates were compared using a missing-item probe and
both an encoding and rehearsal control. replicate and extend
previous results by Waugh & Norman ( 1965) in that no evidence
for a decay of trac e strength over time was obtained . Probab ility
of recall was found to be a monotonically decreasing function of
number of intervening items. and no significant differences
between presentation rates were found: hence . th e interferen ce
account of the recency effe ct was supported . The fact that
sensitivity estimates were generally superior at the slow
presentation rate most likely reflects the advantage of per ceptual
grouping or other acqu isition processes.

(Received for publication June 27.1973 .)
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Results
The proportion of correct responses (corrected for

guessing) as a funct ion of number of interfering items is
shown in Fig . 2. Probability of a correct response
decreased monotonically with number of intervening
items. and no significant differences were obtained
between presentation rates . Serial position differences
were significant (F = 147.1: df = 9 .270: p < .0 1) . but
there were no significant differences between the filled
(saying "the") and unfilled intervals or between orders
of presentation rates .

An unexpected result was a superiority at the slow
presentation rate by Ss who voiced "the" between digits.
whereas at the fast rate Ss who never voiced "the
between items at the slow rate showed better
performance (Table 1). The effect , though small , was
reflected in the interaction of presentation rate with the
filled or unfilled interdigit interval (F = 3.6 : df = 1.30 : p
= ,07).

Estimates of sensitivity were calculated by first
combining proportion correct across Ss, separated
according to confidence ratings. presentation rate. serial
position, and filled-unfilled interval. in order to generate
memory operat ing characteristic (MOC) functions . The
Ag measure (suggested by Green & Swets. 1966. and
Banks . 1970). representing the area under the MOC
function , was computed for each rate (averaged over the
filled and unfilled interval conditions) at each serial
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