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Negative Recency In Delayed Recognition!

RANDALL W. ENGLE

King College

There is some controversy as to whether negative recency is found on a delayed final
recognition test following imumediate free recall. The present experiment demonstrated how
presentation rate of input and the method of analysis of the data interact to vield the differ-

ential resulfs.

One theoretical explanation of the free recall
serial position function is that the terminal
items, being output first, are recalled from a
transitory  short-term store. The memorial
traces of the items in this store decay over
‘time unless rehearsal continually re-enters
them into the store or simultaneously builds
up a trace or fraces in the long-term store
{Atkinson & Shiffrin, 1968).

Tulving {1968) has proposed an alternative
explanation to the two-store concept. He
offers the notion that all input information is
stored in the same unitary storage system and
that differential recall of primacy, middle, and
terminal items reflect differences in the
retrievability of these items and not storage
strength, The end items are thus argued to be
retrieved more easily because they have stored
with them at input certain kinds of supple-
mentary information not available to the other
items. This extra information serves as a
refrieval cue to the end items and this causes
higher recall performance for these end items.

Tulving (1968) argues that one possible
kind of auxiliary information that is available
to these end items is an acoustic trace for
items that have been presented auditorily or
for visual items that the subject has recoded
into an acoustic representation. Another
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possible type of the hypothesized extra
retrieval information is the temporal dating
or time tagging of items. This temporal in-
formation, like the other ancillary retrieval
information, is proposed to decay rapidly
over time. This leaves the early and middle
items with, at the time of recall, only the more
permanent retrieval cues, With delayed
recall, the terminal items are proposed to lose
this added edge in retrieval.

Craik (1970) has argued that the one-store
model (Tulving, 1968) and two-store model
(Atkinson & Shiffrin, 1968) make different
predictions regarding the final storage of
those items making up the beginning and
middle of the list and those items making up
the terminal section of the list. Tulving (1967)
found that recall of an individual item in free
recall improves its recall performance on
later trials, Since probability of recall in
immediate free recall is highest for the terminal
iters, they should, according to Tulving
(1967), show the greatest improvement in
performance on subsequent trials. This should
be true if recall of the terminal items is from
the same store as recall of the earlier items,
which is what Tulving proposes.

The two-store model, at least the one
proposed by Atkinson and Shiffrin (1968),
predicts differently for subsequent atiempted
recall of the terminal items. This model
predicts that items output from the short-
term store, such as the terminal items, are
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dumped from the store and thus would have
little or no permanent trace built up in the
long-term store.

Craik (1970) tested the predictions of the two
models against each other. He presented 10
tists of [ 5-words each and asked for immediate
recall after each list. After the recall of the
fast Hst was completed the subject was given
a sheet of paper and instructed to recall as
many words from aff the lists as he could
remember. The final recall performance of
the individual items was plotted as a function
of their input positions in the original list.
The serial position curve exhibited a negative
recency effect. That is, the terminal items,
which showed very high performance on
immediate recall, were recalled less well
than either primacy or middle items at final
free recall. This supported the two-store
model and seriously called into question the
credibility  of Tulving’s (1968} one-store
theory

The one-store model might say that the
terminal items are not retrieved as well at
final free recall because permanent retrigval
cues have not been developed. In other words,
terminal items are stored at least as well as
primacy and middle items but they just cannot
be retrieved as well.

The test of this suggestion would be to
look at final recognition instead of recall.
If a positive or no recency eflfect is found
this could lend support to Tulving’s (1968)
theory. Craik, Gardiner, and Watkins (1970)
performed two experiments concerned with
performance on a final recognition test follow-
ing a series of immediate free recall lists. Both
experiments resulted in a pegative recency
effect on the final recognition serial position
CUrves.

Cohen (1970), however, has obtained con-
tradictory results using final recognition. In
one study Cohen presented for immediate
free recall ten 10-word lists at a 2-second rate.
After the ten lists were completed the subjects
had final free recall and then final recognition.
The final recognition data exhibited no
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negative recency effect and even a slight
positive recency. In a second experiment
Cohen presented 27 9-word lists at a I-second
rate with final recall and final recognition
after successive groups of nine lists, This time
there resulted a clear positive recency effect
with the final recognition data. Cohen
concluded that the negative recency with final
recall did indeed represent a failure to retrieve
and not a failure to store the terminal items. In
other words, he opted for the Tulving (1968)
theory.

The positive or negative direction of the
recency function seems to be an important
and valid problem worthy of an attempted
solution. Cohen (1970) analyzed his data in
terms of recognition wnconditional on imme-
diate free recall while Craik er al. (1970}
analyzed recognition of only those words
recalled on immediate free recall, that is,
recognition conditional upon recall. Cohen,
in his first study, presented his materials at
a 2-second rate and found a nearly flat func-
tion, that s, little or no recency. But in the
second experiment he used a I-second rate
and found a notably positive recency effect for
final recognition,

This paper is an investigation of whether
these two variables, mode of analysis and
presentation rate, are responsible for these
contradictory findings.

METHOD

An experiment was conducted to investigate
the potential effects of the two variables
described above. The method consisted of pre-
senting subjects with lists of words at one of
several rates of presentation for immediate
free recall. After the last list was recalled sub-
jects received either a recall or recognition
test of all the words in the lists.

Design
The independent variables were presenta-
tion rate, serial input position, and type of

final retention test, Each subject was presented




the to-be-remembered words at either a
1, 2, or 4-second rate and received either a
final free recall (FFR) or a final recognition
(FRN} test for all list words. Rate of presenta-
tion and type of delayed test were both
between subject variables and were varied
factorally. List words were partially counter-
balanced across input positions.
Subjects and Materials
The subjects were 192 introductory students
at The Ohio State University. They were
tested in groups of 1-4 individuals and were
alternately assigned to the groups according
to their arrival.
Each subject received ten lists of 16 words
each, The words were all high frequency
nouns from Kufera and Francis (1967),
 The final recognition test was composed of the
160 Hist words and 160 lures of the same
characteristics as the list words. The list and
lure words were randomly assigned positions
in the recognition test,

Procedure

The subjects were told that the experiment
would consist of two parts but not that the
second part would be a test of all the words.
The immediate recall followed usual proce-
dure. The words were presented visually at
one of the three rates and 2 minutes were
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allowed for the written recall. After the
recall was complete for the last list, subjects
waited 2 minutes while the experimenter
ostensibly worked with the apparatus. This
was simply a delay before the final retention
task.

The FFR group was given a sheet of paper
and instructed to write down as many of the
160 words as possible. Five minutes were
allowed for FFR. The FRN group was given
test sheets and told to rate their confidence
that each word was old or new. These subjects
were instructed to give serious consideration
to each item on the test and to rate the item
1, very sure old; 2, fairly sure old; 3, think it
is old; 4, think it is new; 2, fairly sure new;
or 6, very sure new. The recognition task took
15-20 minutes on the average.

ResuLTs

Analysis of the immediate free recall data
did not yield anything that was unexpected,
as can be seen in Figure 1. The 4-second group
performed best with a systematic decline in
performance for the 2-second and I-second
groups, F(2, 189) = 73.85, p < .001. The serial
position data were typical for all three groups.

The FFR and FRN data were analyzed by
two methods. Unconditional analysis is final
performance on all words presented in the
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Fri. 1. Serial position curves for immediate free recall,



21

RANDALL W, ENGLE

110
b
o !
-7 |
g
=6
£+
[t ]
-
i
SRL
=
B3
14
« b ki & i 4 Y & Y 3. i Y 3.
I D D
SERIAL  POSITION
Fic. 2. Serial position curves for final free recall of all words presented at input.

lists, Conditional analysis is the performance
on the final test for only those items recalled
on immediate free recall, As was mentioned
above, this is one of the major differences
between the Craik er af. {1970y and the
Cohen (1970) experiments,

The FFR performance for all items input,
unconditional on immediate free recall, is

shown in Figure 2. Analysis of variance of

these data resulted in significant differences for
rates, F(2, 84y = 17.36, p < 001, serial posi-
tion, F(15, 1290} 001, and asmall
but significant interaction effect, (F(30, 1260) =
1.58, p < 05, Looking at Figure 2 there seems

i

to be little if any negative recency but very
prominent primacy effects. A Spearman’s rho
was performed correlating performance with
positions 1--7 and positions 9-16. The primacy
effect was significant for the 2- and 4-second
groups with thos of —79 and —.82, respec-
tively, p < .05, n = 7. While the trend was very
clear for the I-second group, it was non-
significant, p = —67. For the terminal posi-
tions, only the 2-second group exhibited a
significant negative recency effect with
po==—96, n=8, p< .01

The conditional analysis on the FFR data
is shown in Figure 3. Analysis of variance
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Fi. 3. Serial position curves for final free recall conditional upon recall in immediate free recall.
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of these data resulted only in significant
effects of rate, F(2,93) =405, p < .05, and
position, F(15, 1395) == 8.32, p <« .001. This
method of analyzing the data resulted in
essentially no primacy effects but the appear-
ance of unmistakable negative recency effects

for all three groups. The absence of primacy
effects was confirmed by non-significant rhos
of —32, —.46, — 02 for positions 1--7 for the
1, 2-, and 4-second groups, respectively. The
Spearman analysis on positions 9-16 remlted
in rhos equal to —81, —.86, and .81, p < .05,

for the I-second, 2-second, and 4wmmnd
groups, respectively. The negative recency

in FFR is obviously much more proncunced
with a conditional analysis than with an
unconditional analysis.

The recognition data also were :m'ih’md
by both methods since this was one of the
major differences h(,iwec,n { mm et m’ {1970y
and Cohen (1 97&3}‘ mean
confidence rating { :{} umondltmmﬂ upon
recall in IFR and hn, mean CR for the lure
words for the three presentation rates. As
with the unconditional recall data there are
prominent primacy effects for all three groups.
This was confirmed by rhos of 1.00, .86, and
80, p < 05, with #== 7, for positions 1-7 on
the 1-, 2-, and d-second groups, respectively.
Spearman analysis of the I-second group for

positions 916 resulted in p=—81, p < .05,
In other words, a significant positive recency
effect as in the Cohen (1970} study. The same
analysis on the 2-second and 4-second groups
resulted in p=+4+26 and p=-20, both
non-significant. This means that the two
slower rates resulted in no observable recency,
positive or negative.

The conditional analysis of the FRN data
is depicted in Figure 5. The top family of
curves is the mean CR for all those words
which were recalled in immediate free recall.
The bottom family of curves is for those
words not recalled in immediate free recall.
Because the number of data points is different
for each serial position and each group, the
curves have been smoothed by averaging
points 71, i, and # -+ 1. The first and last
serial positions are unsmoothed data and, of
course, the statistical analysis was done on
the raw unsmoothed data. The Spearman
analysis on positions 1-7 demonstrated that,
again, conditional analysis had eliminated
the primacy effects for all three groups. All
three resulted in non-significant rhos for the
garly positions. The FRN curves for the words
recalled in immediate free recall exhibited a
very obvious negative recency for all three
rates. This was shown by p = 1.00, 1.00 and
1.00, p < .05, for the last five positions of the
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Fi. 4. Serial position curves for mean confidence rating for all words presented at input (top lines) and for all

lure words in the FRN test (bottom lines).
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F1o. 5. Serial position curves for mean confidence ratings conditional onr
tines) in immediate free recall and for all ures in the FRN test (bottom lines

i~, 2-, and 4-second groups. The reason for
the inversion on points 12 and 13 in Figure §
1s that the figure is constructed from smoothed
data. The raw data did not show an inversion
for points 12 through 16 thus vielding rhos of
1.00.

The FRN data for those words nof recalled
in IFR showed no significant primacy effects
and neither a significant positive nor negative
recency effect (p=-.71, +.62, and +.24 for
1-, 2~, and 4-second groups). As mentioned
earlier these curves are drawn from different
numbers of data points for cach group and

call (top lines) or non-recall (middle
S ).

have been smoothed so the statistical analysis
may not correspond to what appears intuitive
from the figure.

One final analysis that was made was final
recognition performance as a function of the
output position of the item in immediate
free recall, This analysis is depicted in
Figure 6. The 10th through 16th output
items, being few in number, have been
lumped together as end (E) items in the figure,
As can be seen there is a nearly linear relation-
ship between output position and mean CR,
particularly for the first five output positions.
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Fig. 6. Mean confidence rating as a function of the items output position on immediate free recall,
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A Spearman analysis on all 10 output positions
resulted in rhos of —.90, —92, and —.77,
p < .02, n=10, for the 1-, 2-, and 4-second
groups respectively.

INsCuUssioN

It is quite obvious from the results that the
unconditional and conditional methods of
analysis give different pictures of the recency
effect in delayed recall and recognition. It is
also clear that this difference is greater with a
presentationrateasfastas onesecond than with
slower rates. This is particularly relevant
since Cohen (1970 used unconditional analysis
and found a positive recency with FRN only
after going from a 2-second to a I-second rate
of presentation. Cohen concluded that this
proved the negative recency observed with
FFR reflects a retrieval and not a storage
difficulty. But it is clear from Figures 4 and 5
that the observation of the positive or negative
recency with FRN depends on the rate of
presentation and method of analysis, thus
negating the basis for Cohen’s (1970) con-
clusion. Neither those words recalled in
immediate free recall nor those not recalled in
immediate free recall show a positive recency.

The wunconditional l-second FRN data
show a strong positive recency effect. When
these data are broken down by conditional
analysis they result in two curves, neither of
which has a positive recency and one of which
has a strong negative recency effect. The
question may arise as to how this can be
possible. In case the answer is not obvious, a
demonstration is in order. Figure 7 presents
some hypothetical FRN data with the sohd
lines representing the conditional analysis.
The top line represents the mean confidence
rating (CR) of all words recalled in immediate
free recall and the bottom line represents the
mean CR of those words not recalled in
immediate free recall. The numbers in the
lines represent the number of items on which
the mean CR is based. This hypothetical case
is similar to the I-second group in the present
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Fic, 7. A hypothetical set of curves demonstrating
how two curves, neither of which has a positive recency,
result in a curve with positive recency when combined
if the number of observations per data point is extreme-
Iy unequal for the two curves. The two solid lines
represent conditional FRN analysis of words recalled
(top line) and words not recalled (bottom line) in
immediate free recall. The broken line represents the
unconditional analysis,

experiment {(and, indeed, other experiments
as well) in that many words are recalled from
the terminal positions {9 in this hypothetical
case) but, due to the fast rate of presentation,
few words are recalled from the ecarlier
positions (1 in this case). The number of items
contributing to a given data point for the
items not recalled in immediate free recall
{bottom line) is the complement of the number
of items contributing to each point in the top
line. This means that the number of items that
contribute to the terminal positions is small
but the number of items contributing {o the
early positions is large.

When the two types of data are combined,
as is done with the unconditional analysis, the
result is a curve that resembles the broken
line. So a curve can be obtained with the
unconditional analysis that shows a positive
recency even though neither of its components
has a positive recency. It therefore seems
mandatory that delayed retention data be
analyzed conditional upon recall on the
earlier test.

This experiment also seems to deny any
support for Tulving’s (1968) theory, at least
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from delaved retention data. The terminal
items at the time of immediate free recall are
assumed to be of equal strength to the earlier
list items. So the theory, at least in the form
espoused by Cohen (1970), should predict
that the terminal items would do at least as
well on delayed recognition as the items in
the earlier part of the list. This was clearly
notthecase, as was observed on the conditional
analyses.

A finding that seems pertinent to the
Atkinson and Shiffrin (1968) model is the
analysis of mean CR as a function of the
items output position on immediate free
recall. Figure 6 shows that final recognition
of an item improves the later the item was
retrieved. Actually most of the effect seems to
be subsumed by the first five output positions,
typically thought of as being items in short-
term memory. Positions 5 through the end
items show very little difference in perform-
ance, particularly for the 2- and 4-second
groups. This would, at first blush, seem to
lend credence to the idea that the longer an
item remains in short-term memory the
stronger that item becomes in long-term
memory., However, if this were the case one
should notice considerable differences over
the first five output positions for the three
rates of presentation, Presumably the second
or third output item has been in short-term
memory longer if input is at a 4-second rate
than if input is at a 2- or 1-second rate. This
should cause the 4-second group to perform
better over the early output positions than the
2-second group. This is decidedly not the case
and in fact thed-second group is slightly lower.

The absence of primacy effects with the
conditional analysis also presents at least one
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interesting possibility. It could be that items
recalled from primacy positions in immediate
free recall really have no greater strength at
the time of delayed recognition than items
recalled from the middle positions. This
would seem to run contrary to the fact that
primacy items receive more rehearsals than
later items (Rundus & Atkinson, 1970). This
leads to the possibility that the primacy effect
was not observed with conditional FRN
data because of a ceiling effect.
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