
Prc- and posttest comparisons were 
performed on hoth water and air estimates 
(the latter Illcasurc, the aftereffect of 
adaptation). Sizc estilllatcs in the water 
post test were sit!llificantly smaller than in 
the pretest (p < _025: Wilcoxon, 
one-tailcd). The air posttest estimates were 
not significantly different from the air 
pretest judgments. Thc failurc to find 
significant adaptation as measured by the 
aftereffect was not unexpected_ The 
aftereffect is known to fade rapidly 
(Oewar, 1970; Ross et al, in press) and 
could easily have dissipated while the diver 
left the pool, removed his diving gear, and 
ran to the air test site. Although the da ta 
clearly indicate distortion of distance 
und er wate r , a pre- and posttest 
comparison failed to reveal any adaptation 
to this distortion. The posttest judgments 
tended to be larger than pretest judgments, 
both in water and in air, bu t these. 
differences were very small and did not 
approach significance. 

The analyses of the pre- and posttest 
difference scores (in water) at first 
suggested that, on the average, divers 
adapted to size but did not alter their 
distance judgments_ These findings are not 
consistent with the strict form of the 
size-distance invariance hypo thesis, wh ich 
predicts counteradaptation to distance in 
propo rtion to the degree of size 
adaptation_ However, an inspection of the 
data revealed that the pre- and posttest 
comparisons may not adequately rellect 
the results_ I f some Ss adapted to size (by 
further distorting distance) and some Ss 
adapted to distance (by further distorting 
size), then the average pre- and posttest 
difference score on each dimension would 
be appreciably reduced_ Therefore, a more 
appropriate analysis of the relation 
between size and distance adaptation was 
performed. A Spearman rank-order 
correlation on the size and distance 
adaptation scores (total pre- minus total 
posttest differences) of the water tests 
revealed a significant negative correlation 
(rho = -.71, p< .025), indicating that size 
adartation was indeed inversely related to 
distance adaptation. The same analysis for 
the control Ss showed no relation between 
these two sets of difference scores 
(rho = -.17). The relation between size 
and distance adaptation is shown in Fig. 1: 
divers who adapt on one dimension tend to 
counteradapt on the other. Of the 11 
divers, 8 demonstrated this effect, 6 
adapting to size while counteradapting to 
distance and :2 the other way around. I t is 
noteworthy that the three remaining scores 
fall in thc upper right-hand quadrant of the 
figure, suggesting that adaptation to both 
size and distance may be possible. 
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The correlational analysis suggests that 
for most divers, adaptation tu size and 
distance does not oceur simuItaneously. 
Rather, adaptation on one dimension tends 
to be aceompanied by further distortion of 
the other. Adaptation to size was 
aeeompanied by further distortion of 
distance and viee versa. Although these 
findings do not necessarily imply strict 
proportionality of the size-distance 
relationship, they do indicate that at least a 
weak form of size-distance invariance is 
maintained during adaptation. The results 
also suggest the hypothesis that adaptation 
to distortion can have the effect of 
providing both increased and decreased 
correspondence between perception and 
the environment. 
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TSD and coding in STM 

JOHN M. ACKROFF* and RICHARD O. ROUSE, JR.t 
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Ss were asked to listen to a list of words and to identify repeated words upon hearing 
thern. Interspersed with the repetitions were words that were associatively or acoustically 
related to the repeated words. The intrusion errors were analyzed and the differences 
across word dass found to be highly significant; applieation of signal-detection theory 
provided a me ans of quantifying this difference. 

MarshalI, Rouse, & Tarpy (1969) present 
a summary of previous work in the field of 
coding strategies in STM. Of special 
interest for their study, and for the present 
one, are the works of Conrad (1962, 1964) 
and Wickelgren (1966), wh ich present an 
acoustical model for STM, and Schwartz & 
Rouse (1961), which postulates an 
assoeiative model. 

Broadbent & Gregory (1963) used 
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signal-detection theory (TSO) to study 
attention. Oigits were presented to one ear 
while bursts of noise were presented to the 
other; application of TSO a110wed 
Broadbent and Gregory to determine the 
separation between the noise (N) and 
signal-plus-noise (SN) distributions. 
Murdoek (1965) also used TSO in a 
memory task, using recognition of paired 
associates. After being presented with a 
series of PAs, Ss were to determine 
whether each of another set of PAs had 
been seen before; application of TSO 
a1lowed Murdock to analyze the types of 
intrusion errors that were made. 

The purpose of this experiment is to 
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compare the associative and acoustical 
models after the fashion of Marshali, 
Rouse, & Tarpy (1969) by allowing the Ss 
to make mistakes that are associatively or 
acoustically related to the correct response 
or to make mistakes that are related 
neither associatively nor acoustically. We 
shall then appIy TSD to the results in order 
to determine the degree to which each 
coding strategy is used. 

SUBJECTS 
Sixty members of psychology courses at 

the North Adams State College summer 
program were used as Ss for this 
experiment.1 All were told be fore their 
dasses that they would be taking part in a 
study of memory, but no specific 
information about the experiment was 
given to them. 

MATERIALS 
A tape recording was made, consisting of 

148 words common in daily usage.2 The 
words were read at the rate of one every 
4 sec. The first 10 words on the list were 
buffers (B), chosen at random from the 
Thorndike & Lorge (1944) word count. 
The next 46 words were the 23 pivot 
words (p, which would be repeated later in 
the tape) and 23 more Bs, randomly 
mixed. The remaining 92 words of the list 
were the second presentation of each of 
the 23 Ps, the high associate (HA) for each 
P, a nonassociated rhyme (R) for each P, 
and 23 new Bs. All Ps had rates of 
occurrence of 50 to 100 times per million, 
and the median frequency of occurrence 
for the entire list was also in this range 
(Thorndike & Lorge, 1944). The mean rate 
of association for the HAs was 132.8 
(palermo & Jenkins, 1964). The Bs were all 
tested to be sure that none of them was 
associatively or acoustically reiated to any 
of the Ps, HAs, Rs, or other Bs. 

PROCEDURE 
Ss were instructed to listen to the list 

and were told that some of the words 
would be repeated and some of them 
would not. They were told that for each 
word they were to indicate on their answer 
sheets whether or not the word had been 
previously heard and also to indicate their 
confidence by writing a 1 (very unsure), 2, 
3, 4, or 5 (very sure) for each word. The 
instructions were recorded on the tape, so 
that they would be tJ:!e same for each dass; 
after the instructions were given, an 
exampie was presented to ensure that all Ss 
understood the task, and then the tape was 
stopped so that any questions the Ss might 
have could be answered. 

RESULTS 
Only intrusion errors (words that S 

thought he had previously heard but which 
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were in fact not repeated) were scored. The 
mean frequency of errors was 4.53 for 
HAs, 2.05 for Rs, and 1.97 for Bs. An 
analysis of variance showed the interaction 
among the groups to be highly significant 
[F(4,236) = 49.152, p< .001]. Further 
analysis using t tests showed that HA 
intrusion errors were made significantly 
more frequently [t(118) = 7.569, 
p< .001] than R intrusion errors, but that 
R intrusion errors were not made 
significantly more frequently than B 
intrusion errors [t(118) = 0.357, p> .05]. 

The data were then analyzed using the 
procedures of TSD; the value of d' 
(representing the separation of the means 
of the N and SN distributions and 
measured in standard deviations) was 
found to be 1.5a for the Ps, O.3a for the 
HAs, and O.Ola for the Rs, using the Bs for 
the N distribution in all cases. 

DISCUSSION 
The results of this experiment support 

the finding of Marshali et al (1969) that 
the coding strategy used for words is 
associative rather than acoustical. Conrad, 
Freeman, and HuIl (l965) point out that 
the coding strategy which the S adopts is in 
part dependent on the nature of the 
material to be learned; in the Conrad 
(1962, 1964) and Wickelgren (1965, 1966) 
studies, the material was single letters, 
which are Iow in meaningfulness and 
associative value and, therefore, the Ss 
adopted coding strategies that were 
primarily acoustical. In the Marshall et al 
study (1969); as weIl as in this study, the 
material was won\s, so that Ss could make 
a choice between an associational and an 
acoustical, or any other, kind of strategy; 
in each case the associational method was 
chosen. 

The use of TSD allows this to be shown 
in another way. The decreasing values of d' 
as the SN distribution is changed from P to 
HA to R, while the N distribution is 
represented by B, show that the two 
distributions come eloser together; in the 
case of the Rand B distributions, the two 
curves aJmost completely overlap, since the 
separation of the means is only O.Ola and 
the curves are assumed to be of equal 
variance. This implies that in the 
recognition process very little distinction is 
made between Rs and N, somewhat more 
between HAs and N, and still more 
between Ps and N. Since such a small 
distinction is made between R and N, we 
can conclude not only that the co ding 
strategy that is adopted is primarily 
associative but also that an acoustical 
strategy is aJmost never used. 

To put this in terms of processes, we 
could say that when a word is presented, a 
trace is formed. Somewhat weaker traces 

are formed on an associative dimension, 
and traces that are weaker still are formed 
on an acoustical dimension. The traces of 
the words themselves are strong enough so 
that the recognition pdf (probability 
density function) for these words is 
separated from the N pdf by 1.5a. The 
traces on the associative dimension form a 
recognition pdf which is separated from 
the N pdf by only O.3a. The traces on the 
acoustical dimension form a recognition 
pdf which is only barely separated 
(d' ="0.01) from the N pdf. In order for N 
of mean strength to be mistakenly 
recognized as a P, then, the P for which it 
is being mistaken must have a trace 
strength 1.5a weaker than the mean P trace 
strength; for a mean-strength HA to result 
in an intrusion error, the HA must be 
mistaken for a P whose trace strength is 
1.2a (= 1.5a - O.3a) lower than the mean 
P trace strength, and for a mean-strength R 
intrusion error to occur, the R must be 
substituted for a P whose trace strength is 
1.49a less than the mean P trace strength. 
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