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Johnson's (1966) decoding-operation model proposes a way in
which subjects (Ss) learn to recall a response during learning. The
model assumes that Ss divide the elements of a response into groups or
chunks (Miller, 1956), each chunk being remembered by a single code
or mnemonic device. The model further assumes that chunks are
organized into higher-order chunks (i.e., chunks of chunks) and at the
‘top of the chunk hierarchy one code represents the entire response.
When the stimulus JS p“resc:nted, the model assumes that Ss recall the
code representing the cntire response. Ss then decode down through
the chunk hierarchy translating each of the codes into its components,
storing all but the first component in short term memory (STM), while
the first component is decoded into its components. If, when a code is
decoded into its components, the first component is a nonreducible
-reSponse clement, it is producéd overtly, and S then retrieves the

next element from STM and produces it overtly.

The model is illustrated in Figure 1. In step 1, the stimulus

"~ elicits the code which represents the entire response. In step 2, the
code is decoded into its components, which in the illustration aré codes
A and E. In step 3, code E is held in STM, while code A is decoded
into_ its components, which are nonreducible response elern_e.nts D and
X. In step 4, element X is held in STM, while element D is préduced

overtly. In step 5, S retrieves X from STM and produces it overtly,
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An Illustration of the Decoding-Operation Model
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In step 6, code E is retrived from STM and decoded into its components,
wh.icll'l arc nonreducibie response elements R and M.™ In step 7, S holds
element M in STM, while R is produced overtly. In step 8, element M
is retrived from STM and produced ovel;t].y. .

One implication of the decoding-operation nuodél is that more
c]ecocli-ng operations occur at the transition between the stimulus and
first response element (i.e., the zcro transition) and at the transitions
‘between chunks than at the transitions between elements of the same
chunk. If it is assumed that Ss terminate their response attempt when-
ever they become uncertain, and the likelihood of becoming uncertain
is a function of the number of decoding operations at a transition, the
model can make certain predictions. First, the probability of termi-
nating should be higher at zero and between-chunk transitions than at
within-chunk transitions.” Second, the probability of terminating at a
zero transition should be a function of the number of chunks within the’
responvse. Third, the probability of terminating at a 4between—chunk
transiti—on should be a function of the number of chunk members in the
chunk which follows the transition.

The above predictions were tested in a set of studies by Johnson
(L966). Ss learned paired associétes in which the stimuli were single
digits and each response consisted of two or more groups 6;1étters
(e.g., DHQ MZ). A blank space appeared between each group. Johnson

assumed that Ss would use the blank spaces as a way of dividing a response

into chunks, and the data supported the assumption. According to the



decoding-operation model, the probability of terminating should be.
higher at the zero and blank sprce transitions than at transitions
between letters of the same group. Second, the probability of termi-
nating at the zero transition should be a function of the number of
chunks within the re sponse. Third, the probability of texrminating at
a chunk boundary should be a function of the number of letters in the
chunk ‘which follows the transition. All lnl;eclictioxus were supported.

A second implication of the decoding-operation n&odel. is that
within a chunk the code is associated directly with each of its chunk
members, No associations between chunk members are assumed.

The model would predict that if a chunk member was submitted to
unlearning using a retroactive inhibition (RI) technique, recall of the
other chunk members should not he effected.

Some support for the above prediction is found in an unpublished
(RI) study by Johnson (personal communication). Experimental Ss
learned paired-associate lists with digits as stimuli and letter seguences
as responses (e.g., Z—DI-IQ_. MPZ TFL). The _S_s then 1ea;rned a second
and similar list (e.g., 2 DXQ MPR TFI1.). Then, _S_s recalled both sects
of feSponses using the modified-modified-free-recall (MMFR) technique..
It should be noted that some chunks had a single letter which changed
from first to second list (e.g., DHQ to DXQ), while other chunks
remained unchanged (e.g., TFL). Johnson assumecd that for changed

chunks the first-list code would be unlearned during second-list learning.



According to the decoding-operation model, the changed chunk unlearn-
ing should not effect recall of the unchanged chunks,

The results for recall of first-list responses on the MMIR were
as follows. Firs’iv;, it appeared that the codes for changed chunks were
unlearned during second-list learning; experimental Ss could not recall
unchanged 1etter;s% from changed chunks as well as a control group which
had not learned the second list. Second, the changed letter also was
«unlearned during second-list learning; experimental §s could not recall
the changed lctters as well as the unchanged letters from the changed
chunks. Third, unlearning of changed chunk codes did not effect reccall
of unchanged chunks codes; experimental and control Ss did not differ
significantly in their recall of letters from unchanged chunks.

In the present study experimental Ss learned paired associates
in the two lists. Digits were the stimuli and trigrams were the responses.
The two lists were identical except in the second list the middle letter of
the triérams was changed. After second-list learning, §s were tested
using the MMFR technique. On the basis of the results from Johnson's
RI study, it wés assumed that the changed letter of first-list chunks
would be unlearned during second-list learning. According to the
decoding-operation model, the following prediction was made. Under
conditions of code recall, the recall of unchanged letters fr'om‘first—list
chunks should not be effected. It is assumed the code is recalled where

at least one chunk member has been recalled.



The presm;t study ha.d a second purpose, A study by Postman,
Keppel and Stark (1965) indicated that where first and second-list
responses were from the same class (e.g., bigrams) there is more
unlearning of first-list responses than where the two sets of responses
were from different classes (e.g., bigfams and adjectives). In the
present study, it was hypothesized that if first and second-list chunks
were unpronounceable trigrams (i.e., CCC's) there should be more ‘
.unlearning of first-chunk codes and changed letters than.if one set of
chunks was unpronounceable trigrams (i.e., CCC's) and the other set
was pronounceable trigrams (i.e., CVC's). It was assuimcd that
unpronounceable trigrams are from the same class, while unpronounce-
able and pronounceable trigrams are from different classes. Code
unlearning was mecasured by the number of times Ss were not able to
recall correctly any member of a chunk (i.e., a complete error), while
changed letter unlearning was Iﬁeasured by the probability of recalling
the changed letter given the recall of the code as evidenced by the recall

of at least one unchanged letter.



METHOD

The conditions of the experiment may be viewed as threc
experilﬁents, each of which involved an experimental and control group.
The experimental groups learncd two paired-associate lists in which the
stimuli were single digits 1 to 5 and responses \;elre unpronounceable
(U) or pronounceable (P) trigrams (i.e., CCC's or CVC's). During
learning Ss were rcquiréd to pronounce each letter of the response,

For one experimental group (U-U), the responses of both lists were
unpronounceable; for a second gré)up (P-U), first and second-list
responses were pronouncéable and unpronounceable, respectively; for
a third group (U-P), first and second-list responses \;g/ere unpronounce-
able and pronounceable, 1'espectivAely. For each experimental group,
each paired associate in the first list was nearly identical to a paired
associate in the second list. Only the middle letter'é of the two paired-
associate responses in each case were different.

The control group (c) in each experiment (U-Uc, P-Uc and U-Pc)
learned the first list that was learned b); the experinmﬁtal group, and
then performed a symbol cancellation task that matched the time required
for the experimental group to learn the second list. For the symbol
canéellation task, Ss were presented a series of symbols and numbers

- ¢
at the top of a sheet of paper. They were told that each sym"bol repre-

sented the number below it. The symbols were presented again further



down the shect in random order with each symbol being repecated a
number of times. The Ss were asked to cross out each symbol and
-write below it the number which the symbol represented. The Ss were
allowed to refer to the top of the shect throughout the task.

After second-list learning, experimontalfs were required to
recall both sets of responses using the MMFR technique. The Ss were
supplied a sheet of paper on which the stimﬁli were listed. They were
asked to supply the responses from both lists on two sets of threc
blanks. After they had \\rl'itteld down the reéponses, they were asked to
identify the list to which each response belonged. The control Ss were
asked to supply the responses from Ithe first list on one set of three
blanks next to each stimulus. Unlimited time was given for the recall
test.

All lists were learned to a criterion of one perfect trial, The
lists were presented by the standard anticipation procedure at a 2 sec :

2 sec rate with a 2 sec intertrial interval. —

Lists
Two first and second lists were used in each experiment, The
responses from the lists are presented in Table 1. One-half of each

experimental and control group learncd one of the first lists, while the

other half of each group learned the other first list. One-half of each
experimental group learned one of the second lists, while the other half
learned the other second list, The two first lists used for group P-U

were identical to the two second lists used for group U-P. The two



TABLE 1

The Stimuli and Responses Used
in the Paired-Associate Lists

U-U Lists P-U and U-P Lists

'I—RW.L 1-RHL  1-ZGQ 1-ZTQ 1-CAZ 1-CRZ l-DAQ 1-DHQ
2-CZK 2-CQK 2-RIM 2-RBM 2-NUK 2-NGK 2-TEP 2-TJP
3-DSX  3-DPX 3—KSW 3-KHW 3-BEX 3-BMX 3-GIZ 3-GMZ
4‘—MGB 4-MJB- 4-CNP 4-CFP 4-WOQ 4-WSQ 4-CUX 4-CSX
5-NFV 5-NTV 5-DXV 5-DLV 5-JID 5-JFD 5-NOF 5-NLF
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second lists used for the P-U group were identical to the two first lists
useéd for the U-P group.

An attempt was made to equate, as nearly as possible, the
responses of the lists on association value, The association values for
the CCC's were taken from the Witmer norms cited in Underwood and
Schulze (1960), while the association values for the CVC's were taken
from Archer (1960). To control for intraiist similarity, no letter was
.repeated within any list. The association values for fou.r of the five
responses for the two U-U first lists were between 40. 5% and 29, 5%,
while the association values for four of the five responses for the two
second U-U lists were between 38.5% and 24, 5%. For one of the
responses in each of the first and second U-U lists, an association
value could not be obtained. These responses were seclected from
Appendix F of Underwood and Schulze (1960) on the basis of their
relatively low letter to letter association values. For thesc responsecs,
the mean number of Ss which gave the second letter as an associate to
the first letter wés 4.5, anvd the mean number of Ss whi;;h gave the third
letter as an associate to the first and second letter was 3.5, The asso-
ciaﬁon values for the two P-U first lists, th‘us the two U-P second lists,.

were between 32. 4% and 37.6%. The values for the two P-U second lists,

thus the two U-P first lists, were between 33. 0% and 34. 0%.



Subjects
The Ss were 120 introductory psychology students at the Ohio
State University. An equal number of Ss were assigned in alternating

order to each of the three experimental and control groups.
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RESULTS

First-list learning

The mean number of trials to criterion for U-U, P-U, U-P,
U-Uc, P-Uc, and U-Pc was 27.20, 14.65,_ 18.35, 23.50, 15.70, and
23,05, b:_(S, 114)=5,18, p<.05. The mean number of errors to criterion
for ;L]—U, P;U, U-P, U—Uc‘, P-Uc, and U-Pc Wa;s 75.35, 38.35, 51,30,
63.60, 40 15, and 61, 30, F(5,114)=4. 65, p<.05. Duncan's (Edwards,

1960) multiple range test was used to determinc which of the differences

between the means on the two mcasures of first-list performance were -
significant at the .05 level. Groups U-U, U-Uc, and U-Pc were not
significantly different from each other on either measure; groups P-U
and P-Uc were not significantly different from each other on either
meésurc—:; groups U-U and U-P were significantly different from each
other on Both measures; groups U-U, U-Uc, and U-Pc were significantly
different from P-U and P-Uc on. both measures. For the most part,
groups learning unprenounceable trigrams took a significantly greater
number of trials to reach criterion and had a significantly greater
number o':E errors to criterion. It appears that wher'e CCC's and CVC's
are nearly equated on association value, the CCC's are still more diffi-
cult to learn. These results are in accord with those obtained by

Underwood and Schulze (1960).

12
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Second-list lecarning

The mean number of trials to criterion for U-U, P-U, and U-P
was 10.20, 15.35, and 7.55, F(2,57)=27.44, p<.05. The mean number

of errors to criterion for - U-U, P-U, and U-¥ was 24.25, 39,65, and

15.65, ¥(2,57)=9.10, p<.05. Duncan's (Edwards, 1960) multiple range.

test was uscd to determine which of the differcnces between means on
the two measures of second-list performancé were significant at the . 05
level. Group P-U took a significantly greater number of trials to reach
criterion than group U-P ax;d had a signiﬁcalntly greater number of
errors to criterion than group U-P. This result supports the generali-
zation made earlicr that where CCC's and CVC's are ncarly equated on
association value, the CCC's are still more difficult to learn., Group
P-U also took a significantly greater number of trials to reach criterion
than group U-U and had a significantly greater number of errors to
criterion than group U-U. It could be that where first and second-list
responscs are CCC's, the set to give CCC's which is learned during

first-list learning facilitates sééond-list learning. Group U-P and U-U

did not differ significantly from each other.

Recall | S =

The‘recall of first-list responses for the three experimental and
control groups is presented in Table 2. The results include the mean
number of complete errors, the probability of 1'ecalliﬁg a changed letter
given the recall of the code (rows two and three) and the probability of

recalling either the first unchanged letter or the second unchanged letter
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TABLE 2

Recall of First-I.ist Responses for the
FExperimental and Conttol Groups

U-U U-Uc P-U P-Uc "U-P U-Pc

Complete Erroxrs 2.35 . 60 1.85 . 05 2.65 .10
p(C/UC-1) | . 80 .99 T .82 .98 .93 .99
p(C/UC-2) .79 .99 .81 .99 .95 .98
p(UC-1/C) 1.00 1.00 1.00 1.00 . 94 .99
- p(UC-1/UC-2) . 94 1.00 1. 00 .99 .88 .98
p{UC-2/C) .97 1.00 .98 .95 .94 .99

p(UC-2/UC-1) .90 .99 .95 .95 .89 .99
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given the recall of the code (rows four, five, six, and seven). There
are two measures for the probability of recalling a changeld letter given
the code: the probability of recalling the changed letter given eithef the
recall of the first unchan.ged letter (p[C/UC-1]) or the recall of the
second unchanged letter ([ C/UC—Z] ). ':here are four measures for
the probability of recalling an unchanged letter given the code: the
pi‘obability of recalling the first unchanged lette;‘ given either the recall
of the changed letter (p [UC-1/C] ) or the recall of the second unchanged
letter (p [UC-1/UC-2]) and the probability of recalling the sccond
unchanged letter given either the recall of the changed letter (p [UC-2/C])
or the rlecall of the first unchanged letter (p [UC-2/UC-1] ).

It was assumed that the measure of code unlearning would be the
number of times Ss were not able to recall correctly any member of a
chunk, while the measure of changed letter unlearning would be the
probability of recalling a changed letter given the recall of the code
(p[C/UC-1] and p[C/UC-2]). On the basis of these assumptions, it
appears that there was code unlearning for all three experimental groups.
Each of the experimental groups héd a s'ignificantly greater number of
complete errors than its control group (for U-U and U-Uc, E_(38):3.54,
p<.05; for P-U and P-Uc, t(38)=4.09, p<.05; for U-P and U-Pc,
t(38)=5.57, p<.05). It appears-also that there was changed letter

unlearning for group U-U and P-U. Given the recall of eithc;.r the first

or second unchanged letter, both U-U and P-U recalled a significantly

fewer number of changed letters than their controls (for U-U and U-Uc
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on p[C/UC-1], t(34)=2.74, p<.05; for U-U and U-Uc on p[C/UC-2],
t(35)=2.69, p<.05; for P-U and P-Uc on p[ C/UC-1], t(36)=2.92,
p€.05; for P-U and P-Uc on p[C/UC-2], t(36)=3.63, p<{.05). For
group U-P, the probability of recalling the changed letter was less than
the control but the difference was not significant (for U-P and U-Pc on
pl[C/UC-1], £(33)=1.79, p)».05; for U-P aﬁd U-Pc on p[C/UC-2],
t(34)=1.07, py.05).

It also was hypothesized that there would be more code and
changed letter unlearning where first and sccond-list responses were
unpronouncecable trigrams than where one set of responses was unpro-
nounceable and the other set was pronéundeable. The hypothesis was
based on the assumption that unpronounceable trigrams are from the
same class, 1\”\/hi1e unpronounceable azﬁc] pronouncecable trigréms are
from different classes. The results of the present study do not support
the above hypothesis. The results relevant to this hypothesis are pre-
sented in Table 3. For complete errors, p(C/UC-1) and-p(C/UC-2),
the difference between U-U and U-Uc was not significantly different
from the difference between P-U alnd P-Uc (for complete -errors,
t(38)=.07, p»>.05; for p[C/UC-1], t(32)=.36, p>.05; for p[C/UC-2],
t(29)=. 25, _;3_). 05). For complete errors, p(C/UC-1) and p(C/UC-2),
the difference between U-U and U-Uc was not significantly di)fferent
from the difference between U-P and U-Pc (for complete (31;1‘/01'5,
t(38)=1.17, p>.05; for p[C/UC-1], t(29)=1.21, p>.05; for p[C/UC-2],

t(27)=1.63, p2.05). For complcte errors and p(C/UC-1), the difference



TABLIE 3
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The Difference between Experimental-Control
Differences in the Recall of First-List Responses

'Comphlete Errors
p(C/UC-1)
p(C/UC-2)
p(UC-1/C)
p(UC-1/UC-2)
p(UC-2/C)

p(UC-2/UC-1)

(U-U - U-Uc)

(P-U - P-Uc)

(U-P - U-Pc)

1.75

-.19

-.20

.00

-.06

-.03

-.09

1.80

.16

.18

.00

.01

.03

.00

2.55
- .06
-.03
-.05
-.10
-.05

-.09
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between P-U and P-Uc was not significantly different from the

difference between U-P and U-Pc (for complete errors, t;(?) 1)=1.19,

p>.05; for p[C/UC-1], £(31)=1.17, p>.05). For p(C/UC-2), the

diffcrence between P-U and P-Uc was significantly greater than the
differcnce between U-P and U-Pc, £(32)=2.27, B(. 05,

Finally, it was hypothesized that if a changed letter was unlearned,
recall of the_ unchanged letters, given the recall of the code, should not
be effected. The hypothesis was derived from Johnson's (1966)
decoding-operation model which assumes that within a chunk the code
is associated directly with each of its chunk members, (i.e., no
interitem associations). The results from the prescent study support
the above hypothesis. For the two groups where the changed letter was
unlecarned (U-U and P-U), the recall of the unchanged letters under con-
ditions of code recall was not effected. That is, for p(UC-1/C),
p(UC-1/UC-2), p(UC-2/C) and UC-2/UC-1), U-U and P-U did not differ
significantly frorg their controlé (for U-U and U-Uc on p[UC-1/C],
:c_(34)=. 00, P_> .05; for U-U and U-Uc on p[UC-l/UC—Z], _1:_(35):1..11,
p>.05; for U-U and U-Uc on p[UC-2/C], t(34)=1.13, p>».05; for U-U
and U-Uc on p[UC-2/UC-1], t(34)=1. 43, B) .05; for P-U and P-Uc on

p[UC-1/C], t(36)=.00, p».05; for P-U and P-Uc on p[UC-1/UC-2],

: ic_(36):.92, p>.05; for P-U and P-Uc on plUC-2/C], t(36)=1.15, p>.05;

for P-U and P-Uc on p[UC-2/UC-1], £(36)=.98, p>.05).
One other point should be made about the recall results of the

present study. There were a relatively large number of calls where
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experirne}ltal §‘s did not attemipt to recall any member of a first-list
chunk (i.e., a complete omission). The mean number of complete
' on'lissipns for U-U, P-U, and U-Pwas 2.1, 1.8, and 1. 65. It could be
that on some of these complete omissions Ss were able to recall the |
‘code and first unchanged 1etter,‘ but they were uncertain about the

changed letter and second unchanged letter. This possibility could
have occurred if two assumptions aré made. First, contrary to the
decoding-operation model, it could be that in son.le cases the code of a
chunk is associated only with the first unchanged letter, the first
unchanged letter is associated with the changed letter, and the changed
1ette1; is associated with the second unchanged letter (chaining hypo-
thesis). According to the chaining hypothesis, where Ss are uncertain
of the‘. changed letter, they also should be uncertain of the second
unchanged 1.etter. Second, it could be that when Ss were uncertain of
the changed and second unchanged letter, they withheld overt recall of

the entire chunk, the result being a complete omission.



EXPERIMENT II

It was noted in the first experiment of the present study that
there were a relatively large number of calls where Ss did not attempt
to recall any member of a chunk. It was suggested that on some of the
complele omissions Ss n);cly be able to recall the code and the first
'unchahged letter. The purposec of the present study is to test that
hypothesis.

Experimental Ss learned paired-associates (e.g., 2-DHQ) in a
first list, learned paired-associates (e.g., 2-DXQ) in a seccond list,
then recalled both sets of responses using the MMFR technique. After
Ss indicated that they were finished with the MMFR, they were required
to guess on blank spaces .where_ they had not attempted to recall a letter.
According to the above hypothesis, under conditions of guessing the
proba.b’ility‘ of recalling the second unchanged letter, given the first
unchanged letter, should be less for the experimental than for the con-
trol group. On the basis of the results from the first experiment, it
was expected that experirnental and control Ss would not differ signifi-
cantly on the regular MMFR in their recall oft the second unchanged

letter given the first unchanged letter.

20



METHOD

The second experiment .of the presen‘t study consisted of an
experimental and control group. The experimental and control groups
were treated in almost exactly the same manner as the U-U groups in
the first experiment. One-half of the experimental group learned one
of the first and second lists that was learned by the U-U group, while
the other half of the experimental group learncd the other first and
second list. One-half of the control group learned one of the first
lists, while the other half learned the other first list.

After second-list learning, experimental Ss récalled both sets
of responses using the MMFR technique. As described earlier, Ss
were supplied a sheet of paper on which the stimuli were listed. Ss
were ;asked to supply the responses from both lists .on two sets of three
blanks next to each stimulus. After Ss had written down their responses,
they were asked to identify the list to which each response belonged.
The control group was asked to supply the responses from the first list

-on one set of three blanks next to each stimulus. Unlimited time was
given for the recall test. After Ss indicated that they were finished
with the recall test, they were given a different colored pen and asked

to guess on blanks where they had not attempted to supply a letter.

-

21
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Subjects
Both the experimental and control group consisted of § intro-
ductory psychology students at the Ohio State University and 12

nonintroductory psychology students at the Ohio State University.



RESULTS

First and second-list learning

The mean number of trials to criterion on the first-list for the
experimental and control groups was 32.5 and 25.6, t(38)=1.08,p}.05.
The mean number of errors to critcrion. on the first-list for the experi-
mental and control groups was 88.65 and 71. 85, _tj38):l. 01, E>'" 05,
The mean number of trials to criterion on the second-list for the

experimental group was 13.5, while the mean number of errors to

criterion on the second-list for the experimental group was 25. 6.

Recall

The mean recall scores for the first-list performan;e on the
regular MMFR, and under conditions of guessing, are presented in
Table 4. The results include the mean number of complete errors, the
two measures for the probability of recalling the changed letter given
the code (p[C/UC-1] and p[C/UC-2]) and the four measures for the
probability of recalling an unchanged letter given the code (p[UC-1/C],
pluc-1/uc-21], pluc-2/c] and pluc-2z/uc-1]).

Recall of first-list responses on the regular MMFR was examined

first. As can be seen in Table 4, the experimental Ss had a "significantly

éreater number of complete errors than the control group, t(38)=3.92,
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TARLE 4

Recall of First-List Responses for the
Experimental () and Control (C) Group

E (MMFR) C (MMFR) E (Guessing) C (Guessing)

Complete Errors 1.20 .00 .65 .00
p(C/UC-1) .67 . 96 .63 .96
p(C/UC-2) .83 .99 77 .99
p(UC-1/C) . 95 .98 .95 .98
p(UC-1/UC-2) . 95 .98 . 94 .98
p(UC-2/C) .88 1.00 . 90 1.00

p(UC-2/UC-1) .75 .96 .75 . 96
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p¢.05. Given the recall of either the first or second unchanged letter,
experimental Ss recalled significantly fewer changed letters than the

" control group (for p[C/UC-1], E_(35):4‘. 56, p<.05; for plc/uc-2],
t(34)=2.53, p<.05). Given the recall of either the changed letter or the
second unchanged letter, experimental and control Ss did not differ
significantly in their recall of the first unchanged letter (for p[UC—l/C],
t(34)=.80, p».05; for p[UC-1/UC-2], £(34)=.70, p>.05). Given the
recall of thé changed letter, experimental and co;qtrol Ss did not differ
significantly in their rccall of the second unchanged letter, t(34)=1. 85,
p> .05, The above results are in accord with thosc obtained in the
first experiment of the present study. Given the recall of the first
unchanged letter, experimental Ss recalled significantly fewer second
unchanged letters than the .control group, _t_(34-):2. 53, E< .05, That
result is not in accord with the results obtained in the first experiment
and does not support the assumption—*rﬂn'ade by Johnson's (1966) decoding-
operation model that within a chunk the code is associated directly with
each chunk member. Howevecr, the result does support the chaining
hypothesis.

The recall of first-list responses under conditions guessing were
in accord with those obtained on the regular MMFR. Expc—:rimental§s
had a significantly greater number of complete errors than the control

group, _t_(38)=2. 17, _E<' 05. Given recall of either the first or second

unchanged letter, experimental Ss rccalled a significantly fewer number
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of changed letters than the control group (for p[C/UC-1], £(37)=4.93,
p<. 05; for p[C/UCTZ], £(36)=3.40, p<.05). Given 1'ccz;,].1 of either the
‘changed letter or second unchanged letter, experimental and control Ss
did not differ significantly in their recall of the first unchanged letter
(for p[UC-1/C], £(36)=. 85, pd.05; for p[UC-1/UC-2], £(36)=1.02,
p».05), Given the» recall of the cha.ngeri letter, experimental and con-
trol Ss did not differ significantly in their recall of the second unchanged
lettér, t(36).:1. 74, p» .05, Given the recall of the first unchanged letter,
experimental Ss recalled significantly fewer seccond unchanged letters
than the control group, t(35)=2.90, p<.05. Again, the results are in
accord with the chaining hypothesis. _

The results of the present expclriment indicate that on the regular
MMFR experimental Ss recalled a significantly fewer number of second
unchanged letters gj.ven the first unchanged letter than did the controls.
The same result was found under conditions of guessing., If Ss did with-
hold on the MMFR, the experimental-control difference in p(UC-2/UC-1)
should have been. greater u_ndelr conditicns of guessing than on the 1'egﬁ1ar
.MMFR. That expec’éation was not confirmed. The probability éf recalling
the second unchanged letter, given the first unchanged letter, for the -
experimental and control group was .75 and . 96 on the MMFR and . 75
and .96 under conditions of guessing. One possible prlanation for that
finding might be that in the present experiment where Ss were able to
covertly recall the code and second unchanged letter, they did not with-

hold, The above explanation has some support in that there were a



27
smaller number of complete omissions in the second experiment than
there were in the fir st experiment. The mean number of complete
onﬁissions for group U-U in the first experiment was 2.1, while the
mean number of complete omissions for the experimental group in the

second experiment was 1, 1.



DISCUSSION

It was hypothesized in the present study that thefe would be more
code and changed letter unlcarning where first and second list responses
are CCC's than where one set of responses are CCC's and the other set
are CVC‘S. It was assumed that CCC's ai‘e from the saime response
'class, while CCC's and CVC's are from different reSpoﬁsg classes,

The hypothesis was not supported. For complete errors, p(C/UC-1)
and p(C/UC-2), the diffecrence between U-U and U-Uc Was not signifi-
cantly different from the difference between P-U and P-Uc or the
difference between U-P and U-Pc. One explanation for this finding
could be that since Ss had to pronounce each letter of the CVC's during
learning, they may have perceived the CVC's as being unpronounceable,
f;hus from the same response class as the CCC's,

It was also hypothesized that where a chunk member is unlearnéd
recall of the other chunk members should not be effected. The hypothesis
was supported in the first experiment. For p(UC-1/C), p(UC-1/UC-2),
p(UC-2/C) and p(UC—Z/UC-l), groups U-U and P-U did not differ signifi-
cantly from their controls., The results support Johnson's (1966)
decoding-operation model which assumes that within a chunk the code is
associated directly with each chunk member, while no asso’cia»f;ions are
formed between chunk members. The hypothesis was not supported in

the second study, however. For p(UC-1/C), p(UC-1/UC-2) and
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p(UC-2/C), the experimental and control group did not differ signifi-
cantly. However, for p(UC-2/UC-1) the experimental gro-up was
significantly less than the control group. The results support the
chaining hypothesis which assumes that within a chunk the code is
associated with the first chunk member, Ljhe first chunk member is
associated with the second chunk member, and so on. One explanation
for the discrepancy between the fin}dings of the fi'rst and second experi-
ment could be as follows. First, there was a grecater gha’ncie thatés
in the second experiment had participated in a verbal-learning
experiment prior to the present study. The introductory psychology
students in the second experiment were required to participate in more
experiments than the introductory students in the first experiment, and
the nonintroductory psychology students in the second experiment had
already taken an introductory psychology course. Second, it could be
that Ss with mc;c'e experience at verbal-learning tasks tend to learn a
chunk r-nore in the way specified by the chaining hypothesis. One way
to test the above set of assumptions is as follows., Experimental Ss
learn paired-associates (e.g., 2-DHQ) i‘n a first list, learn paired-
associates (e. g;jzthQ) in a second list, learn paired-associates
(e.g., 2-DMQ) in a third list, then recall the responses from the three |
lists using the MMFR technique. On the MMFR, there should be a

largeétr difference between the experimental and control group in

p(UC-2/UC-1) for second-list responses than for first-list responses,
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It was noted that there were a relatively large number of com-
plete mnis sions in the fir stv experiment. It was hypothesized that where
‘a complete omission occurs Ss may be able to covertly recall the code
and first unchanged letter. The hypothesis was not supported. For
p(UC-2/UC-1), the experimental-control difference was no greater
under conditions of guessing than on the regular MMFR. One explana-
tion'for that finding may be that Ss in the second experiment did not
withhold recall of the first unchanged letter, This explanation was
supported by the fact that there were a smaller number of complete
omissions in the second expefhnent. It could be that the tendency not
to withhold in the second experiment was again due to second experiment
Ss having more experience at verbal-learning tasks.

In conclusion, the 1‘.esu1ts of the present study indicate that a
member of a chunk can be unlearned. On the MMFIR, group U-U and
P-U in the first experiment and the experimental group in the second
experiment recalled significantly fewer changed letters under conditions
9f code recall than the control groups. The results, unfortunat;:ly, are
ambiguous about the cffects of chunk-member unlearning on the récall
of other chunk members. Onc experiment indicated that the other chunk
members were not effected, while the other experiment indicated that
- the other chunk meimbers were effected. One explanatién for the con-.
flicting results could be that as experience with verbal-learning tasks

increases, the way in which Ss learn a chunk changes.
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