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Processing multiple recognition probes
in short- and long-term memory
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On each trial in a recognition memory task either one or two test probes were presented. If one probe
was presented, subjects were to respond yes if it was a member of a well learned long-term memory set
or a member of a short-term memory set that was changed on each trial; subjects were to give a no
response if the probe was not a member of either memory set. If two probes were presented, subjects
were to give a yes response only if both were memory set members and were to give a no response
otherwise. Several aspects of the results indicate that multiple probes are processed sequentially in this
task .

A modified version of the Sternberg (1969)
recognition memory paradigm was used by Wescourt and
Atkinson (1973) to investigate recognition processes in a
task involving both short-term store (STS) and long-term
store (LTS). In the modified paradigm subjects
memorized a long-term set (LT-set) of 30 words before
the test session; at the start of each test trial , a new
short-term set (ST-set) of zero to four words was
presented. The subjects gave a positive response to test
words that were members of the LT-set or the ST-set
presented on that trial, and a negative response to words
that were not members of either memory set
(distractors). Reaction time (RT) to test words from the
ST-set incre ased with ST-set size; however, RT to LT-set
words and distractor words did not depend on the size
of the ST-set.

The model proposed by Wescourt and Atkinson
(1973; see also Atkinson & Juola, 1974 ; Atkinson &
Wescourt, 1975) to account for their results assumes
that performance in this task reflects a mixture of two
kinds of processing. On some trials, subjects are able to
decide whether a test word is a distractor or a member
of the positive set simply by evaluating the activity level
(called "familiarity" by Atkinson & Juola , 1974) of the
test word's representation in lexical memory. In general ,
the familiarity of a word is an increasing function of its
frequency and recency of presentation; therefore, words
with very high and very low familiarity values can be
classified as positive items and distractors , respectively.
However, when familiarity values fall in an intermediate
range, they do not reliably distinguish between
distractors and members of the positive set; in such cases
a search is conducted to determine whether or not the
test word is contained in the representation of the
positive set in memory. An assumption of the
Wescourt-Atkinson model is that, when a memory search
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is executed, searches of STS and LTS are conducted in
parallel rather than in sequence. It is further assumed
that the time required to determine that an item is in the
positive set depends only on the time necessary to search
the store where the test item is located ; the time to
determine that an item is a distractor depends on the
slower search (the search of LTS in most cases) since
both searches must be completed to determine that the
test item is not in the positive set. Subsequent
experiments have used both words and digits in the
ST-sets (Mohs, Wescourt, & Atkinson, 1973) and have
investigated RT to words that were members of both the
ST-set and the LT-set (Mohs & Atkinson, 1974). The
results of both subsequent experiments are consistent
with the Wescourt-Atkinson parallel search model; that
is, effects of ST-set size were found only for conditions
that allowed a response decision immediately following
the search of STS.

The present experiment was designed to investigate
recognition memory processes involved in processing
multiple test probes. The subjects memorized an LT-set
of 24 words prior to testing. The ST-sets used did not
vary in size from trial to trial as in previous experiments;
rather, a new ST-set of four words was presented at the
start of each trial. When one test word was presented
subjects were to give a positive response if it was a
member of the LT-set or the ST-set presented on that
trial, and were to give a negative response if the test
word was not a member of either memory set. When two
test words were presented subjects were to give a
positive response only if both words were memory set
members; if one or both words were not in the memory
sets, subjects were to give a negative response.

Since ST-set size was not a variable, the present
experiment does not provide a test of the parallel search
model. Rather, the chief purpose in this experiment was
to compare the processing of single and double test
probes in a task involving both STS and LTS. The
paradigm used allows test probes to be drawn from the
S'I-set or the LT-set; therefore , comparisons can be
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made between processing in STS and LTS as well as
comparisons between processing of single and double
test probes.

~IETHOD

Th e experiment was run on a programmable display syste m
( Iml ac Corpor at ion PDS-l ) in teract ing with a PDP-l O
tim e-sh aring com puter system . Wo rds in th e Sf-sets and words
used as test st im uli were prese n ted in green capital lette rs (11
characters/ in .) on a dark gray CRT scree n and were viewe d from
a d istance of approximately 18 in . Subjects made either a yes or
a no re sponse on each trial by strik ing one o f tw o specified keys
on a typewriter-like keyboard located in fron t of the CRT
secreen, Sixteen female students at Stanford University served as
paid subjects. Each subject participated in two te st sessions.

Words for the LT-set, the S'l-sets and words used as distractor
te st stimuli were taken from the Thorndike-Lorge (1944) word
list. All words were four to eight letters in length, had two
syllables, and had frequency counts of more than 20 per million.
Tested ST-set words and distractor words we re each presented
only once to each subject. Nontested ST-set words were
presented eithe r once or twice to each subje ct ; however, 'S'Ivset
words th at were presented twice appeared only once on ea ch of
the 2 te st days. A single list of 24 words was used as the LT-set
for all subjects. None of the 24 LT-set words we re used in the
ST-sets. The rust tw o and the last tw o words of the LT-set were
the sam e fo r all subjects and were not tested. The middle 20
words of the LT-set were random ized separately for each
subject .

Twelve blo cks of 20 tria ls each were construc te d . On e ight of
th e tri als in each bloc k one test wor d was prese nted. The se trials
were d ivided am ong th ree co nditions as foll ows : (a) o n two trials
an ST-se t word was test ed (S conditio n) : (b) o n two tr ials an
LT-set word was tested (L co ndi ti on): and (c) o n fo ur tr ials a
d istr actor word was teste d. Two test wor d s wer e pr ese nted on
each of the remaining trials ; tw o o f these trials were fro m each
of th e fo llowing co ndi tio ns : (a) t rials o n which two ST-set words
we re tested (SS co nditio n); (b) trials on wh ich two LT-set words
were te sted (LL' co nditio n) ; (c) t rials o n whi ch an ST-set word
and an LT-set word were tested (SL condition) ; (d ) trials on
whi ch an ST-set word and a di str acto r word were tes ted (SD
co ndit io n); (e) tr ials on which an LTvse t word and a distractor
word were te sted (LD conditi on) ; and (f) t rials on which two
distractor words were tested (DD co ndi t ion). Across the 12
blocks te sted ST-set words were drawn equally often from each
serial position in the ST-set for the S, SL , and SD condtions. For
the SS condition . the two tested word s were taken from each
possible co m bina t io n of ST-set position s equally o ften across the
12 blo cks. On each te st day each LT-set word was tested three
times. Acro ss the 12 blocks ea ch LT-se t word appeare d either
two or three time s in each o f the conditions that tested one
LT-set word per trial (i.e ., the L, SL , an d LD condit ions ), and
appeared either four or live times in the LL co nd it io n. No L'I-set
word wa s tested more than once in a block . Wit hin ea ch block
trials were presented in a dif ferent rando m order.

On ea ch trial , te st words start ed o ne chara ct er to the righ t of
and ei th er one line above or o ne line below a fixat io n point . For
each condit io n that presented one tes t word (5 , L, and D
conditions) the two tes t po sit ions were use d eq ually often in
each bloc k. Fo r the SL , SD, and LD co nd it ions th e two ty pes of
test word s appeare d eq ually o ften in the tWO positio ns in each
blo ck. For the SS co ndit ion, t he test word ta ke n fro m th e earlie r
seria l po siti on in the ST-se t appeared o nce as th e uppe r te st word
and o nce as the lower test word in each bloc k .

Each subject was contact ed by ph on e at least 18 h pri or to th e
first te st session . The subj ec t was given the LT-se t and wa s to ld

ro me mo rize the list so th at ir co uld be recalled in co rrect ser ial
order at the first test sessio n . Test sessio ns were sched ule d for 2
succe ssive day s.

,-\11 subjects, satisfied a learning crite rion for the LT-set by
giving both written and o ral re calls of rhe LT-se r in co rrect serial
o rde r at th e start of the first tes t session . Att er completing bo th
recall s co rrectly the sub jec t was sea ted at rhe CRT scree n and
given instructio ns about rhe ta sk. Th e subj ect was tol d that there
would be a series of trials an d th at the fo llo wing seq uence wo uld
be fo llo wed o n each trial : (a) Th e word " Ready" wo uld appear
o n the screen ; (b) the subj ec t would th en press the spa ceba r o n
th e keyboard to ca use a st udy symbol (an " S" en clo sed in
asterisks) to appear at the center of the CRT screen;
(c) 750 mse c later the fo ur ST-set words would appear , o ne at a
time, slightly to the right of the study symbo l; (d) each word
would remain on the screen for 1 sec , there wou ld be 750 msec
between words, and after the la st word di sap pe ared th ere would
be a 2 .S-sec pause during whi ch t he subjec t was to rehearse th e
ST-set subvo ca lly ; (e) at the end o f the pau se a fixation point (an
asterisk ) would appear at the ce nter of the screen fo r 1 sec;
(0 th en either o ne or two test words would appear to the right
o f th e fixation point; (g) the te st words would re ma in visible
until the subject made a ye s or a no res po nse by pressing either
the ".\1" or th e "C" key o n the keyboa rd ; and Ch) a feedback
mess age indicating whether th e respon se was corre ct or n ot
would appear and remain vi sible for 2.5 sec . The subject wa s rold
that, if only one test word was p resented . she was to respond yes
if the word was a me mber of the current Sf-se t or th e LTvset: if
the word was in nei ther set she was to respo nd no. The subj ect
was ro ld th at . if two test wor ds appea red . she was to resp o nd yes
o nly ii both words were memor y set members; if on e or both
word s we re not from th e Sf-set or the LTvse t, th e sub ject was ro
respo nd no . The ex perimenter then di scussed so me sample trials
iro m various con di tions an d explained the a pp ro pria te respo nses.
The instr uctions emphas ized that the sub ject was ro respo nd as
qu ic kly as po ssible while trying to avo id error s. The keys " .\1"
an d "C" were paire d wi th re spon ses so th at each subject ma de
positive res ponses wi th he r pre ferred hand. TIle subject s received
abo ut 2-3 tria ls per mi nu te. In addition. the re wa s o ne 30-se c
rest period after the firs t 60 tri als in each sessio n.

When the experime n ter was sure that the subject under sto od
th e ta sk. 12 p ractice tr ials were given. On each pr acti ce trial an
S'Ivset of fo ur digit s was fo llowe d by either o ne or two test
digit s. When o ne te st digit was p rese nted. th e subject was to
respond ye s if it wa s an 5T- set membe r and respond no
othe rwise : when tw o te st d igit s were pr esented , the subje ct was
to resp ond yes on ly if both were S'Ivse t members and respo nd no
oth erwise. Following the pr actice tr ials, the instructions were
review ed and six blocks of te st tri als were give n. At the start of
the second day 's session, the subje ct was aga in required to give
both written and oral re calls of th e Lf -se t . Th e in struct io ns were
then reviewed and the sub ject was given another se t of 12
practice tri als and the remai ning six blocks o f test tr ia ls.

RESULTS AND DISCUSSION

Table I presents a summary of the results. The letters
5, L, and D used in the labels at the left of Table I
represent a probe from the 5T-set, the LT-set and a
distractor probe, respectively. The label 5L, for example,
designates the condition that presented an 5T-set word
and an LT-set word as test stimuli, whereas the D label
designates the condition that presented a single
distractor word as the test stimulus. For each subject,
the mean RT for each condition was calculated.



Table I
Mean and Standard Deviation of the Subject ~Ieans, Number
of Observations, and Percentage Errors for Each Condition

Number Percen-
RT SD of Obser- tage

Condition (Msec) (Msec) vations Errors

S 836 256 384 1.6
L 1037 301 384 5.3
SS 1101 415 384 1.1
LL 1234 404 384 4.5
SL 1359 486 384 5.7
D 1091 568 768 2.2
DD 1194 512 384 .5
SD 1419 671 384 5.2
LD 1580 804 384 6.2

Presented in Table 1 are the mean and standard
deviation of the subject means, the total number of
observations and the percent errors for each condition.
Trials on which an incorrect response was made were not
included in the analysis of the RTs.

A two-factor analysis of variance using subject means
as scores was performed on the data from the S, SS, L,
and LL conditions; factors included in the analysis were
number of probes (one vs. two) and memory set tested
(Sf-set vs. L'[-set). The analysis showed that there were
significant effects due to memory set tested, FO ,15) =
40.17, P < .001, number of probes, F(I,15) = 32.55,
P < .001, and the interaction of these two factors,
FO ,15) = 4.70 , P < .05. From Table 1 it is clear that (as
in previous experiments using this paradigm, Mohs &
Atkinson, 1974; Mohs et al., 1973; Wescourt &
Atkinson, 1973) probes from the Sf-set were recognized
more quickly than probes from the LT-set. In addition,
for test words from the ST-set and for test words from
the LT-set, RT to two probes was greater than RT to a
single probe.

One interpretation of these results is simply that two
probes are processed sequentially in this task. Adding
the assumption that two probes are processed
sequentially to the Wescourt-Atkinson Model suggests
that , when two probes are presented, subjects:
(a) encode one of the probes and evaluate its familiarity:
(b) if its familiarity is very Iowa negative response is
executed immediately ; (c) if its familiarity is very high
the word is judged to be a member of the positive set
(since high familiarity indicates a probable member of
the positive set): (d) if its familiarity is intermediate
representations of the Sf-set and the L'I-set are searched
in-parallel for the test word: and (e) if either (c) or (d)
indicates that the first word is a member of the positive
set, the second word is encoded and processed. A
negative response is executed immediately if either the
familiarity check or the memory search indicates that
one of the probes is a distractor ; a positive response is
executed only after it is determined that both probes are
members of the positive set.
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The fact that two positive items were processedmore
slowly than a single positive item is clearly consistent
with the model proposed above. In its simplest form,
however, the model does not account for all aspects of
the data from positive trials. A first problem is that the
difference between the Land LL conditions was smaller
than the difference between the Sand 55 conditions;
this presents a problem because we have assumed that a
search of LTS takes longer than a search of STS. A
second (and related) problem is that a paired t test
indicated that mean RT for the SL condition was greater
than mean RT for the LL condition, t(15) = 3.49,
P < .005. A modification of the model suggested by
these results is that finding a test item in LTS facilitates
processing of a second item 'from the Lf-set . For
example, it could be that, when the first probe is found
in the memory structure for the LT-set, a "pointer" is
left which temporarily enables very rapid access to the
representation of the LT-set in memory. In this regard

. we should note that a facilitation effect for L'I-set words
was also found in the Wescourt-Atkinson (1973) study.
In that study processing of an LT-set word was faster if
an LT-set word was presented on the preceding trial than
if either an ST-set word or a distractor word was
presented; however, no facilitation across trials was
found for ST-set words or for distractors.

A second analysis of variance was performed on the
data from the conditions that required a negative
response (i.e., the D, DD, SD, and LD conditions).
Results of the overall analysis showed that there were
significant differences among conditions, F(3,45) =
29.10, p < .OOI . A series of orthogonal contrasts
suggested by the theoretical analysis given above were
then performed.

A contrast of the D and DD conditions with the SD
and LD conditions was highly significant, F(1,45) =
76.3, P < .001, and accounted for 87.4)} of the total
variance for negative trials. A second contrast showed
that the difference between the D and DD conditions
was only marginally significant, F(1,45) = 3.18,
.05 <p < .10. These results are consistent with the view
that both items in a two item display are likely to be
processed only if a member of the positive set is
included in the display. The fact that the difference
between the D and DD conditions was relatively small
supports the assumption that a negative response is
executed immediately when either probe in a two-item
display is found to be a distractor. We might, however,
expect responses in the DD condition to be slightly
slower than responses in the D condition because of the
additional time required in the DD condition to decide
which of the two test items to process first. A final
contrast showed that the difference between the SD and
LD conditions was significant ,F(1,45) = 7.76, P < .01.
This result was expected since a search of LT5 is
assumed to require more time than a search of STS.
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Additional support for the hypothesis that two probes
are processed sequentially in this task comes from the
display order effects found for the SD, LD, and SS
conditions. In both the SD and LD conditions mean RT
was over 100 msec faster when the distractor word was
the bottom word in the test display than when it was the
top word in the display. This result suggests that the
bottom test word was processed first on most trials ; that
is, the distractor word was processed first more often
when it was at the bottom of the test display than when
it was at the top. In the SS condition, mean RT was
1003 msec when the arrangement of words in the
display from bottom to top was the same as the order of
the words in the S'l-set; when top to bottom
arrangement was the same as in the ST-set mean RT was
1200 msec. Since we have not presented a model for
search processes occurring within STS a complete
explanation of this result will not be offered. However,
this order effect (which is similar to an effect obtained
by Baumgarte & DeRosa, 1973 , using double probes in a
short -term recognition task) is consistent with the
hypothesis that subjects tended to process probes from
bottom to top in this task .
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