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ABSTRACT

Ss were presented a list of stimulus~response (S-R) pairs, in which
each stimulus was one of four two-digit numbers and each response was a
letter. Ss were instructed to remember the most recent response to each
stimulus.” Trials consisted of a test of one of the pairs and presentation
of a new pair. The lists alternated presentation and test, with zero to
six intervening trials (lags) between presentation and test of a particular
stimulus. To study the effect of modality on recall, lists were ’
presented to each S either visually or orally. During the three second
sTudy period following the presentation of each S=R pair, Ss performed
in one of three conditions: saying the S-R pair aloud while writing
digits (oral rehearsal), writing the pair while saying digits (writften
rehearsal), or writing digits while saying the alphabet (no overt rehearsal),
In each condition the non-rehearsal task was to limit Ss rehearsal to
the type being studied, by focusing other modalities on the interferring
tasks. Ss were presented two lists to determine if mode of output
affected recall. For one list the test was a spoken probe and Ss said
aloud their responses; for the other list, the probe was presenfed
visually and Ss wrote their responses.

Recall| decreased as the lag increased. This was expected since
recall decreases with the amount of intervening information., Recall
was significantly better with oral presentation than with visual. This
supported theories which claim tThat information is stored in an auditory
form, requ:rlng visual stTimuli to be recoded. Mode of output had no
effect except in inferaction with presentation modality and lag. The
general superiority of recall after oral presenfation resulted in
better recall with oral presentation than with visual presentation for
boTh modes of output.

Recal| after oral rehearsal was significantly better than recall
~after either written rehearsal or no overt rehearsal. Since both written
and oral rehearsal assured that S attended fo the stimuli, but only

oral rehearsal increased recall, attention was not the critical factor.
Instead, the mode of rehearsal affected recall. Oral rehearsal

improved recall of items in the auditory store. The lack of difference
between recall after written rehearsal and no overt rehearsal suggested
that when rehearsal is not oral, the type of rehearsal does not matter.
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REHEARSAL AND MODALITY EFFECTS ON DELAYED RECALL OF

CONTINUOUSLY PRESENTED PAIRED-ASSOCIATES



INTRODUCT 1ON

Memory consists of a sequence of regisTrafion, storage, and
retrieval. One reason for failure to recéll may be that the incoming
stimulus was not attended to and the initial registration of the item
~decayed. |tems may be registered without being attended to, but some
degree of attention is necessary for a ftrace to be stored (Waugh and
Norman, 1965; Atkinson, Brelsford and Shiffrin, 1967; Bower, 1967).
Rehearsal

Rehearsal is one means of focusing attention on the incoming
stimuli. Rehearsai strengthens the item in memory and transfers it
to a more permanent memory store. Rehearsing by saying items aloud
has been found to improve memory.

Murray (1965, 1966) found that saying aloud ifems in a visual
serial list produced better recall than when items were read silently.
When Murray (1966) averaged performance over all presentation rates
(1-4 letters perAsecond), he found recall was better after saying
aloud than after whiépering, and better after whispering than
mouthing silently. Differences between levels of vocalization were
greater for faster presentation rates than slow rates. Murray (1965)
‘suggested that verbalization caused S to give more attention to the
stimulus than when it was read silently.

Ellis (1969) found that verbalization increased the recency parT
of the serial position curve, but depressed the primacy part. Ellis

2



3
explained that recency was facilitated because oral activity increased
overall attention and gave additional sensory clues to strengthen the
Primary Memory trace. Rundus and Atkinson (1970) tape recorded S's
rehearsal during presentation of a list for free recall. Ss had been
told to sTud; items alogd and were given no resfric+jons on choice of
items or rate of rehearsal. Rundus and Atkinson found that items
presented early in the list were rehearsed more than later items.
Number of items recalled was an increasing function of amount of
rehearsal, so primacy items had high probability of recall. Recency
effects were due to the high probabilify_of last items begin rehearsed
Jjust before recall.

Breisford and Atkinson (1968) studied the effects of type of
rehearsal on recall of visual stimuli in a coh#indOus presentation
task. The number of intervening frials beTween»presenTaTion and test
of an item was called the lag. 'In the condition for overt rehearsal,
Ss were told to say aloud the stimulus~response pair twice; Ss were
supposed to pace their verbaf rehearsal so it filled the three second
time period. For cbverT'rehearsal Ss were simply fold to remember
the jfems. There was better recall with overt rehearsal; the greatest
difference between types of rehearsal was for lags 0 - 5. Brelsford
and Atkinson admit that this finding is not surprising since overt
rehearsal assures that S will attend to the stimulus and rghearse it
at least ftwice, while such én assumption cannot be made with covert
rehearsal. However, the interaction of type of rehearsal with lag
indicated that the difference was due to more than attention. The

covert rehearsal curve decayed exponentially, but fthe overt rehearsal
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curve was an S-shaped function. To explain the rehearsal-lag inter-
action Brelsford and Atkinson proposed that type of rehearsal affected
the probabilify of entering a memory buffer, and the probability of
being eliminated from it. |

In each of the preceding studies the-items were presented visually.
Corballis (1966) compared spacing of rehearsal for visual and oral
presentations. He found no difference for primacy positions, but in
recency positions, recall of orally presented items was superior fo
recall of visual items. This suggests that recall may also be affected
by mode of presentation.

Modal ity Differences

Most current theories hypothesize that initial registration of
stimuli may be auditory, visual, or both, but the next level of sTotage
is exclusively auditory (Tulving and Madigan, 1970). Hintzman (1967) -
suggested that visual stimuli were recoded by subvocal rehearsal into
a temporary auditory or articulatory representation.  Atkinson and
Shiffrin (1968) also suggested that storage is probably in some
auditory form, which they call auditory-verbal-linguistic store (a.v.l.).
Information appeaks to decay from a.v.l. in I5-30 seconds, but a limited
amount can be maintained longer by rehearsal. Atkinson and.Shiffrid
feel that lack of research does not allow storage in other modes to be
complefely excluded from consideration. According to Sperling's. (1967)
model, visually presented material is first stored in visual storage,
then transferred infto auditory storage. The resulfs of Parkinson,

Parks and Kroll (1971) indicate that visual stimuli may be stored for

at least several seconds, as the appearance of the stimulus rather

Then~iTs name.



5

Bahrick and Boucher (1968) hypothesized that visual stimuli may
lead to either verbal or nonverbal storage. Visual stimuli may be
immediately recoded for verbal retention, or mayAbe stored nonverbally
and recoded at the time of retrieval for verbal recall. Broadbent
(1967) and Wickelgren (1969) discussed the possibility of a common
encoding in short-term memory that is neither audifory nor articulatory,
but an abstract verbal modality. Craik (1969) hypothesized that once
an item was attended to, the input modality was no longer important;
he suggested that shOrT—Tefm storage is in ste‘néuTral modal ity.
Cermak (1970) suggested that several types of encoding, requiring
different amounts of time for encoding and with different decay
rates, may occur when an item is presented.

Corballis (1966), Murdock (l966,‘l967)rand Craik (1969, 1970)
found superior recency recall with oral presentation of serial lists.
Murdock (1969) used a spatially distributed array for auditory and
visual presentation. Even when defined spatially, recall of oral i%ems
was more accurate than recall of visual ones. Cooley and McNulty (1967)
found that as the refention inferval increased in a single-presentation
task, the modality differences decreased. Using recall tasks and
recognition tasks, Murdock (1968) concluded that modaIny differences

in recall were due to storage differences.

‘Mode of Output

Since input modality affects storage it may be questioned whefher
mode of outfput causes differences in recall due to retrieval differences.
Chase and Calfee (1969) studied recognition with auditory and visual

presentation and tests. One experiment varied the modes within Ss
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and a second varied‘*hém between Ss. Both experiments found no signi-
ficant differences in reaction time between presentation modes, but
reaction time was significantly faster for audifory tests than visual
tests. Comparison within Ss indicated significanfly faster processing
rates when presentation and test were in the same mode than when They
were in different modes.

Craik (1970) tested written and spoken free recall of visual and
oral |ists. Recency recall was significantly better when wrff+en
rather than spoken. There were no inferacfioﬁs between input and output
modes. Murray (1965) found overall free recall of visual items, some
of which héd been verbalized at presentation, was better when recall
was written; however, Murray (1966) used a similar task and did not
obtain a significant difference beTween modes of recall, although
there was a tendency for written recall to be superior. On half the
trials Murray (1966) told Ss prior to presentation whether fo say or
write the items they recalled; on the other trials Ss did not know
the mode of recal until after the list had been presented. Results
showed little difference béTween prior knowledge and post-Ilist know-
ledge of the recall mode.

Studies of output modality are conflicting. Murray (1965)
and Craik (1970) found better recall when answers were written

-raTher than spoken; Murray (1966) found no difference; and Chase

and Calfee (1969) found faster reaction time to oral tests.



Continuous Presentation Technique

Shepard and Teghtsoonian (1961) studied the continuous presentation
method of presenting verbal material, which maximized intferference by
filling the interval between presentation and test with more presenta-
tions of the same kind. S was given é sequence of items and had to
retain the most recent ones throughout the entire sequence. Forgetting
of items in a series was obtained by testing after different numbers
of inTervening items. Katz (1966) used tThe continuous presentation
technique to study recall as a function of intervening items in a list
220 items long. He bel feved the continuous presentation method
presented a more stable situation Thén sipgle item or short list
methods. There were no prihacy effects and proactive effects were
found fto be constant throughout the sequence. Katz described the
continuous presentation method as a means Qf.obTainihg large amounts
of data in a homogeneous situation.

Brelsford, Keller, Shiffrin, and Atkinson (1966) and Atkinson
et al. (1967) studied recall of paired-associates using the continuous
presentation method. Recall was found to be a decreasing function of
the humber’of study-test pairs interpolated Be+ween presentation and
test. Performance was néarly perfecT forvlag Zero, dropped sharply
for lag one, then gradually decreased. Brelsford et al. noted that
beyond ten tags performance was close to chance. Both studies varied
the size of the stimulus set (4, 6, or 8li+ems) and found that recal |
was better for smaller stimulus sets. The continuous presentation
method was used in the present experiment to pfovide experimentally

controlled interference between presentation and test.
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The present experiment used the continuous presentation technique
to study the effects of rehearsal onfrecall_of paired-associate items.
Recall was expected to be réduced by intervening items, but effects of
Péhearsél and modal ity were of primary interest.

Two Types of rehearsal were studied--saying items aloud (oral
rehearsal), and writing the items (written rehearsal). When rehearsal
was critical in one ﬁode,’rehearsai in another was limited by requiring
S to count digits. In the no overt rehearsal group Ss performed‘bOTh
an oral task (saying the alphébef) and a writing task (writing digits).
There were no conditions without specified tasks since this would not
give information concerning which ftype of rehearsal was, or was not,
being used. Peterson (1969) has shown that Ss can do two tasks at the
same time. The degree of attention required was directly related to
the difficulty of the task.

tn this study presentation was oral and visual, Recall was both
written and spoken to determine if'*here was an input-output modality
inferaction. Output modality was varied within Ss. Murray (1965, 1966)
and Craik (1970) used within S designs in their studies of output
modalities. The results of Chase and Calfee (1969) fUPThér Justify the
within Ss design since They‘found the same results for within Ss and
between Ss experiments.

It was expected from earlier studies that saying items aloud wduld
produce better recall of visual lists than studying covertiy., I[f
improved recal | after oral rehearsal is due to S attending more to
items he has to rehearse aloud, there would also be improved recall
when S was required to write the items. If attention Is the critical
variable, recall of oral lists would also be increased with overt

rehearsal.



Previous studies finding a difference in recall after different
kinds of rehearsal (Murray, 1965, 1966; Brelsford and Atkinson, 1968;
El'lis, 1969) have used visual lists. However, improved recall may
have been‘produced by S storing his oral reproduction of the item;
since oral items are recafled better than visual items, the verbali-
zation would facilitate recall. If this is'+he case, recall would
be reduced when rehearsal, as well as presentation, is not oral.

Input-output modality interaction was studied. Chase and Calfee
(1969) found faster reaction time when tests were oral, but studies
by Murray (1965) and Craik (1970) found written recall to be superror;
tf memory stores are organized by input moédli+y, recall may be
facilitated when input, rehearsal; and ou+pq+ were in The same mode

rather than different ones.



METHOD

Sub jects
Sixty introductory psychology students; 30 males and 30 females,

served as Ss.

Apparatus
Oral lists were recorded and pléyed_by a Wollensak (model 1520)
tape recofder. Visual lists were filmed on 16 mm movie film and

projected by a Perceptoscope (model 5102~2, Perceptual Development
Laboratories).

Stimuli and Responses

S+imu|i were the four two-digit numbers: ‘33; 44, 55, and 66.
Responses were not from the first. part of the alphabet to prevent
confusion between the response letter and the letters Ss were saying
in the control group. The letters K, L, N, O, R, S, T, U, Y were
chosen because they did not look nor sound similar to each other.
Pairs were formed so each.requnse occurred with each stimuli about
an equal number of ftimes.

‘A list was constructed with six the greatest lag. It was*no+
possible fto devise a list in thch each lag 0 - 6 OCcurred equally

~often so each occurred approximafely the same number of times. There
" were 27 tests after tags 0 and 6, 28 tests after lags 2, 3, and 4,
and 29 after lags | and 5. Pairs were ordered so each response was
paired with no more than one stimulus at a given time. Each stimulus’

10



I
was presented for forty-nine trials in the list, about equélly often
at each lag. |In addition, there were four trials at the beginning of
the |list, one with each sfihulus, to test Thev¥our initial study
pairs. The first four trials were not included as data. One list
was formed and a second was derived from it by direct substifution
of one stimulus and one response for another.

Procedure

Ss were tested individually in one of six conditions; each S
received lists in one of the two presentation modalities and performed
one of the two types of rehearsal’or no overf%rehéarSa].fﬂThere‘were
ten Ss fn»each group. Each §;Was tested on two lists—-one with visual
sTimuIﬁs probe and written recall, the other with oral probe and
spoken recall. Half the Ss were given the visual probe list first;
the oral probe |ist was presented first to the other Ss. With ora!
stimulus-response presehTaTion, the visual probe was shown S on a
5" x 8" index card. In groups with ‘visual presentation, E spoke the
oral probe. When input and output modalities were the same‘fhe'prObe
‘was presen+ed by the same apparatus presenting the pairs to be
learned. When the sfimulus-probe was oral Ss said the most recent
response paired with that stimuli; E recorded S's response. Ss' wrote
the most recent response on. a numbered answer sheet when the stimulus
probe was presented visually. Ss were instructed not to guess when
they did not remember the response.

Initially four pafrs were. presented for study in this order:
(a) the word ﬁsfudy" for one second, (b) a stimulus-response (S-R)
pair, (c) three second interval for rehearsal. Steps a - c were

repeated three times so each of the four stimuli were introduced with
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a response. Then trials began consisting of: (a) word "test" for one
second, (b) sfimﬁlus probe (one of the two-digit numbers), (c) three
second interval for S fo recall the response to the stimulus presented,
(d) word '"study" for one second, (e) S-R pair, of which the stimulus
is the one just tested in step b, with a new response, (f) three
‘second interval for rehearsal. The sequence»fhen repeated for the
second trial: (a) "test", (b) a stimulus probe, which may or may not
be the one presented in the previous trial, (c) recall interval,
(d) "study", (e) S-R pair, of which the stimulus is the one just
tested, with a new response, (f) rehearsal; etc. When presentation
- was visua] E said the words "study" and "test" when they appeared.
This was necessary +o,éler+ Ss to iook up from their rehearsal or
answer sheet fo see the stimulus.

For oral rehearsal Ss said aloud The S-R pair; they were\required
to speak continuously and for the entire interval. While repeating
the S-R pair, §§ were writing digits beginning l{ 2, 3, etc. For
written rehearsal Ss wrote down the S-R pair; again fThey were required
to write for the entire rehearsalvinferval. While writing, Ss counted
digits aloud. ‘No “overt rehearsal Ss wrote digits and said the
alphabet.

Ss read the instructions and asked E any questions. Ss first
performed on six trials (more if the individual needed) without tests
to practice the tasks he would be doing during the study interval.
After any necessary corrections were made Ss were given é practice
list with ten complete trials, then the two eXperimenTal lists. There

was a five minute break between the two experimental lists.



RESULTS

The percent of correct responses at each lag was computed for
each S. The mean percent of correct responses is presented in Table I.
A split=plot analysis of variance was perférmed for the variables
presentation method, mode of recall, rehearsal, and lag (2.x 2x 3 x 7)),
with ten Ss in each condition. Table 2 shows the results of the
analysis. Presentation method, rehearsal, and Iag>Were significant
main effects; the only significant interaction was of presentation
method, recall mode, and lag.

As expected, recall decreased as the lag increased; the greatest
loss of information was after lags zero and one. Mean percent of correct
responses at each lag and results of a t-test for d?fferencevbefween lags
are ih Table 3. Even after six intervening trials, mean performance had
not quite reached chance of guessing the one correct response out of
the nine possible responses (11.111%).

Overall, recall after oral rehearsal was significantly better than
recall after written rehearsal or after no overt rehearsal, Table 4
presents the t-values for comparison of types of rehearsal. The effects
of rehearsal over lags is shown in Figureﬁl. Recall in all groups
greatly decreased with increasing lags, but recall affer oral rehearsal
decreased less than after writfen rehearsal or after no overt reherasal. .
When the lag was zero, pérformance was nearly the same after oral and
written rehearsal. With a lag of one, percent correct after written
rehearsal was less than after oral rehearsal, and about the same as the

13
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TABLE 2

SUMMARY TABLE OF ANALYSIS OF VARIANCE

Degrees _
Source of Mean F
Freedom Square
Between Sub jects 419 I70|.857
A (Presentation Method) | 9665.338 30.245 "
C (Rehearsal) 2 2604.515 8.150"%
D (Lag) 6 95090. 300 297.559**
A x C 2 484 .426 1.516
A x D 6 124.416 0.389
CxD 12 189.220 0.592
AxCxD 12 239.939 0.751
Subjects Within Groups 378 319.568
Within Subjects 420 84.263
B (Recall Method) | 71.140 0.848
A x B | 85.677 1.020
B x C 2 197.483 2.353
B x D 6 91.345 1.088
AxBxC 2 106.102 l.264
AxBxD 6 193. 139 2.301"
BxCxD 12 34.006 0.405
AxBxCxD 12 65.717 0.783
B x Subjects Within Groups 378 83.923
Total 839 892.096
* b .05
** b .00l
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TABLE 4

+-VALUES FOR COMPARISON OF PERFORMANCE

AFTER REHEARSAL

Type of Mean % Compared with
Rehearsal Correct Ci Co Cz
oral (C}) 39.427 -~ 3.919%%  2.844"
Writften (Cp) 33.510 - 1.074

No:Overt! (Cz) -

35.132

* p <.0l
> p <00l
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FIGURE |

MEAN PERCENT OF CORRECT RESPONSES AFTER

EACH TYPE OF REHEARSAL

100 |-
90
80 |-
70 |

60 -

30
o >
20 |- o ~--.

— —— — Chance

o~
~A

O—0 Oral Rehearsal
I&— —O Written Rehearsal

O~ ~-U0 No Overt Rehearsal



19

no overt rehearsal group. With greater lags performance continued. to be
best after oral rehearsal, and no overt rehearsal performance was better
than after written rehearsal. Through lag five, mean performance was
significantly greater than chance (p< .00I). After six lags recall
after written rehearsal was rot Significanfly different from chance
{+39=I.OOI);Imean recall was only 12.408, or a mean of one correct
response per S. Recall after no overt rehearsal was 16.759, and was
slightly better than chance'(+39=2}5l8, p<.05). Mean recall after
oral rehearsal was 19.260, which was almost two correct responses per
S; this was significantly greater than chance (+39=3.711, p<.001),
Oral presentation resulted in significantly better recall than
visual presentation. ‘As shown in Figufe 2, there was a decrease over
lag for both methods of presentation, but recall of orally presented
items was superior to that of visual items at every lag. Recai |
after oral presentation tended to be better than after visual presenta-
tion for all rehearsal conditions and with both types of recall. |
Effects of mode of output were signfficanT only in interaction
with presentation modality and lag, shown in Figure 3, A test for
critical differences between means‘was.performed on the interaction
data. Results are given in Table 5; subscripts are Aj and Ao %or
oral and visual presentation, B} and By for spoken and written recall,

and D} through D7 for lags zero to six, respectively,
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TABLE 5

DIFFERENCE BETWEEN MEANS FOR INTERACTION OF

PRESENTATION METHOD (A) x OUTPUT MODALITY (B) x LAG (D)

Compared With

AED ~
Subscripts 11 112 113 14 15 116 117
1 - 50.234%% 65.805"" 69.704%* 73.752"" 75.407° 78.025""
112 - 15.661%%  19.470"° 23.518"" 25.173%% 27,79/
13 | - 3.809 7.8577°  9.512"% 12.130™
114 - 4.048  5.703°  8.321""
s - [.655  4.273
116 - 2.618
(17 -
* p<.05
** b <.00l
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Table 5, Continued
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ABD

Subscripts 121 122 123 | 24 125 126 127
K 0.370  41.958*% 63.752*" 73.038%" 76.490%" 75.406** 81.605%%
112 49.864%%  8.276%*% 13.518%* 22.804%* 26.256%% 25.172%% 31.371%*
13 65.525%%  23.937%% 2,143 7.143%  10.595% " 9.511*%  y5.710%*
114 69.3347°% 27.746™% 5.952% 3,334 6.786%  5.702°  11.901"%
15 73.382° " 31.794** 10.000%% 0.714 2.738 |.654 7.853%%
16 75.037%% 33,449 11.655""  2.369 1.083 0.001 6.198%
117 77.655%%  36.067%% 14.273%%  4.987%  |.535 2.619 3.580
121 - 41.588%% 63.382%*% 72.668%% 76.120° " 75.036** 81.235%%
122 - 21.794%%  31.080%* 34.532"% 33,448 39.647%*
123 - 9.286%% 12.238"% [1.654%% 17.853%%
124 - 4.452 2.368 8.567 "
125 - 1.084 5.115%
126 - 6.100"

127




Table 5, Continued
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ABD
Subscripts 211 212 213 214 215 216 217

I 4.197  55.407°% 71.728"" 76.728" 81.014  82.763** 84.197"*
112 46.037°%  5.173%  21.494%% 26.494*" 320.780"* 32.529%% 33.963""
113 61.608"% 10.488"% 5.833%  10.833"* 15.119"% 16.868"" 18.302%%
114 65.507°F  14.297*%  2.024 7.024%  11.310%%  13.059%*%  14.493%%
115 69.555" " 46.037%%  2.024 2.976 7.262%  9.011** 10.445""
116 71.210"%  20.000""  3.679 .32l 5.607°  7.356°  8.790%%
17 77.828" % 22.618%%  6.297%  1.297 2.989 4.738%  6.172%
121 3.827  55.037%% 71.358"" 76.358"" 80.644*% 82.393*% g3.827*F
122 37.761°7  13.449%% 29.770%* 34.770"" 39.056** 40.805"° 42.239™*
123 59.555%%  8.345%%  7.976%% 12.976*% 17.262%* 19.011" 20.445"%
124 68.841%% 17.631°F 1.310  3.690 7.976"%  9.725%% |1.159%*
125 72.297%*% 21.083%%  4.762°  0.233 4.524 6.273%  7.707%
126 71.209°%  19.999%* 3678 1.322 5.608°  7.357°  8.791°"
127 77.408**  26.198%* 9.877** 4.877%  0.591 1.158 2.592
211 - 51.210%% 67.531%*% 72.531** 76.817%* 78.566** 80.000"¥
212 - 16.321%%  21.321%%  25.607%% 27.356"* 28.790""
213 - 5.000  9.286%% 11.035"% 12.469"*
214 - 4.286 6.035°  7.469%
215 - |.749 3.183
216 - |.434

217




Table 5, Continued
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3ub2§Eip+s 22 222 223 224 225 226 227
1 7.037%  58.510" ¢ 72.561%% 77.085"% 81.400%" 82.878%% s8s5.185%*
112 43.197°% " 8.276" " 22.327%% 26.851%% 31.256*% 32.644%* 34.95/*%
E 58.858" " 7.385%  6.666%  11.190" 15.505%% |5.983%% |9.200%%
14 62.667** (1.194*%  2.857 7.381°  11.786%% 13.174** 15.481""
15 66.715° % 15.242%*%  |.]9] 3.333 7.738%  9.126" " 11.433*%
116 68.370"*  6.897%  2.846 1.678 6.083%  7.471%  9.778**
117 70.988 © 19.515%%  5.464%  0.940 3.465 4.853°  7.160%
121 6.667%  58.140°% 72.191%% 76.715**% 81.120%* 82.508%* 84.815**
122 34.921%%  16.552"% 30.603%* 35.127%% 39.532**% 40.920"" 43.227%*
123 56.715%%  5.242%  8.800%* 13.333 17.738%% 19.126"% 21.433**
124 66.001%% 14.528%%  0.477 4.047 8.452"*  9.840%% 12.147"
125 69.455**%  17.980%*  3.929 0.595 5.000°  6.388°  8.695 "
126 68.369° % 16.896%%  2.845 1.67S  6.084° 7.472°  9.779""
127 74.568%% 23,095 9.044**  4.520 0.115 [.273 3.580
211 2.840  54.313%*% 68.364%% 72.888"% 77.203%*% 78.681™% 80.988""
212 48.370°% 3,103 17.154%%  21.678" " 26.083%* 27.471%*% 29.778**
213 64.691%% 13.218%*% 0.833 5.357%  9.762%% |1.150%*% 13.457"%
214 69.691%% 18.218%% 4.167  0.357 4.762%  6.150%  8.457""
215 73.977° ¢ 22.504%%  8.453%* 3,929 0.476 |.864 4.171
216 75.726"%  24.253%*% 10.202%*  s5.678%  1.273 0.115 2.422
217 77.160"%  25.687** 11.636" "  7.112°  2.707 0.319 0.988
221 - 51.473%%  65.524%%  70.048%*%  74.453%% 75.841°% 78.148%*
222 - 14.051°% 18.575" " 22.980%% 24.368%% 26.675%*
223 - 4.524 8.929"% 10.317%* 12.624%%
224 - 4.405 5.793%  8.100%*
225 - |.388 3.695
226 - 2.307

227




DISCUSSION

Lag

Performance decreased over lag, or number of intervening trials.
This result was expected since recall decreases as a function of amount
of inTervenfng material, and the continuous presentation method maximized
interference. |In this study there was also some additional ihferference
by the in+erpdla+ed task of counting numbers. Brelsford and Atkinson
(1968) found that after six lags the mean proportion of correct responées
was about fouf—fenThs.for both overt and covert rehearsal. Since The-
percent of correct responses was much less in the present study, it can
be assumed that the inférvening tasks of counting digits and saying
the alphabet at least partially limifed>rehearsa| fn other modalities.

Input-Output Modality

Recal | was better after oral presentation +han after visual.presen—
tation at all lags, after all fypes of rehearsal, and with both types
of recall. Since rehearsal insured that oral and visual items were
both attended to, modality differences could not have been dué to
differences in attention. The findings support theories by Hinszah
(1967) and Sperling (1967), which require visual information to be
recoded into an auditory store. During the process of recoding visual
items there is more opportunity for trace decay or for an item fo be
confused with others, than with the direct coding of orally presented
‘information.

26
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The mode of output interacted with the presentation mddalify, as
shown in Figure 3 and Table 5. There were differences between perfor-
mance after the two presentation methods for each recall method. Oral
recall of orally presented items was significantly better than oral
recall of visually presented items at every lag except a lag of zero,
where differences were not significant. With written recall, recall of
orally presented items was significantly superior to recall of visually
presented items for all lags except three and six.

Within each method of presentation there was little difference
between written and spoken recall. With oral presentation written
recall was better than spoken recall after a lag of one. With visual
presentation there was no difference between written and spoken recall
af‘any lag. Since mode of output had no effect except in Tnferac+ion
with presentation method, and gave similar performance for each presen-
tation method, it was not a critical factor in recall. Method of
presentation caused the modality differences in recall, for both modes
of output.
Rehearsal

Oral rehearsal of visual and of oral lists resulted in significanfly
better recall than no overt. rehearsal. This study did not find the S-shaped
curve with oral rehearsal, as Brelsford and Atkinson (1968) did; however,
Brelsford and Atkinson did_hb+ include the writing task which acéqmpan?ed
oral rehearsal in the present experiment. Performance after both Typés
of rehearsal and after nO.OVerT‘PeheéFSa!,decreased over lag in similarly
shaped curves, as shown in Figure |I. The written rehearsal curve had
the greatest slope and.mean performance reached chance of one correct

response at a lag of six. No overt rehearsal curve was approaching chance
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at lag six, but was still significanfly different from it. The oral
rehearsal curve was well above chance at lag six, with mean performance
of nearly two correct responses.

Written rehearsal did not increase recall, and tended to result
in poorer recall than afterno overT,reheaEsa4: for all lags except lag
zero. Written rehearsal fnsured‘ThaT Ss attended to the stimuli as
well as they did for oral rehearsal. Since recall after written rehearsal
was not as good as recall after oral rehearsal, and was not be++er than
recall afterno overt rehearsal, attention was not the critical variable.

The results suggest that modality of rehéarsal, rather than extent
of rehearsal, caused the recall differences. 1If information is stored
orally, oral rehearsal, rather than written rehearsal, would facilitate
memory. When information was presented visually,ufhen rehearsed orally,
S would immediately recode the visual sTimhlus To an oral one and begin
rehearsing; the oral rehearsal strengthened the item in auditory storage.
When items were presented orally, oral rehearsal also sTrengfhened The
item in an auditory store. Since there were no significant differences
between written rehearsal and fio overt réhearsal,it may be hypothesized
that when rehearsal is not oral, the kind of rehearsal does not matter,
Summary

Memory was measured by the percent of items correctly recalled.
Performance decreased over lags, as more trials intervened. Recafl of
oral items was significantly better than recall of visually presented
items. The two modes of output differed only as a result of presentation
modality. This indicated that modalify_differences were due to storage

differences, and supported the models of Hintzman (1967) and Sperling (1967).
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Oral rehearsal was superior to both written rehearsal and no overt

IS

rehearsal. Oral rehearsal improved recall by strengthening the item In
auditory storage. There was no significant difference between overall
recall after written rehearsal and after no overt rehearsal, fndicaTing
that written rehearsal .does not improve recall. Since written rehearsal
did not increase recatl, the attention insured by overt rehearsal was

not the critical variable. Modality, rather than attention, caused

differences in recall.



APPENDIX A
INSTRUCT IONS

FOR CONDITIONS WITH VISUAL PRESENTATION

(Note: Each S was given the general instructions for visual presen-

tation plus instructions for the particular group he was in)



INSTRUCTIONS FOR ALL CONDITIONS WITH VISUAL PRESENTATION

This is a memory task. You will be presented a long list of
stimulus~response pairs; that is, a two digit number paired with a
letter of the alphabet. The first part of the pair will always be
a two-digit number. In this case there'll be four of them--33, 44,
55, and 66. They'll be presented in random order with a feffer of
the alphabet. For example, pairs might be 33-J, 44-E, 55-X, 66-H.

You must remember the most recent letter paired with each number.
Each trial will include a test--when you récall the letter most
recently paired with the given number. You can then forget that
letter and you will be given a new letter to remember for that same
number. For example, you may have been given the pair 88-G. Later
a test will be "88". You recall the response "G". Then you!'ll
see a new letter paired with 88, such as "88-J". You'll now remem-
ber the 88-J pair and can forget the previbus pair 88-G.

The procedure of the list will be alternating ftest and study
periods.. Suppose you have been presented these pairs: '33—H, 44-D,

55-C, 66-J. The list would go:

"Test 55" You respond '"C"
"STudy_BS—A",
"Test 66" You respond "J"
"Study 66-F"
"Test 33" You respond '"H"

30
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"Study 33-E"

"Test 55" You respond "A" since that was the most recent letter
paired with 55.

The list is filmed and will be projected on the wall. The word

"Study" precedes the number-tetter pair you are to remember. The word
"Test" precedes the test number. These words are on the film but 'l
also say them aloud so'you»won'T'miss IookingAup o see the number-

letter pair.:

ADDITIONAL INSTRUCTIONS

| Spoken Recal |

After the word "Test" is given I'll say the test number. When you
hear the test number, say aloud the letter m§s+ recently paired with
it. Do not repeat the test number, just say the letter response. There
is only a short interval so say the letter as soon as you hear the test
number. This is a hard task and sometimes you may not remember the
letter at all. When this happens, just say nothing after the tfest.
If you think you know the answer, but aren't sure, go ahead and say

'Y0ur hunch. But don't make wild guesses.

Il Written Recall

When you see the test number, write down the letter most recently’
paired with it on the numbered answer sheet. Do not write the test
number, only the letter response. There is only a short infervalvfo
do this, so write the letter as soon as you see the test number.

This is a hard task and sometimes you may not remember the letter at
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all. When this happens, just put a dash in the numbered space provfded
for that letter. If you think you know the answer, but aren't sure,

go ahead 'and write your hunch. But don'+ make wild guesses. Be sure
not to skip any spaces on the answer sheet; always put the letter

answer or a dash:

11l Oral Rehearsal

During the three second study period, you'll Say aloud the stimulus-
response pair. |f you see "Study 44-J", then say aloud "44-J, 44-J,..."
Keep repeating it fér The eﬁTire period, until you see "Test". Do not
whisber or murmur; speak as loud as you would in conversation.

At the same fime you‘ll'wrife down»digifs‘l, 2, 3, 4, eftc. We'll

practice this so you can get used to doing the two things at once.

1V Written Rehearsal
During the three second study period, you'll write down the
stimulus-response pair. |f you see "Study 44-J", then write down
"44-J, 44-4, ..." Keep repeating it for the entire period, until you
see "Test". As you see "Test" céver your writing with the cover sheet.
At the same time you'll say aloud digits 1, 2, 3, 4, etc. Do
not whisper or murmur; . say the digits as loud as you wouild in conver-
sation. We'jl practice this so you can get used to doing the fwo

things at once. .

v No Overt Rehearsal
During the three second study period, you'll engage in two simple
tasks. You will be writing down digits 1, 2, 3, 4, 5, etc. At the

same time you'll say aloud the alphabet. Do not whisper or murmur;



33

- speak as loud as you would in conversation. Keep writing digits and
saying the alphabet during the entire study period, until you see
"Test". We'l!l practice this so you can get used to doing the two

things at once.

Vi Summary of Sequence
To summarize, the series will go like this:

A. You see "Study 44-J"

B. Immediately begin to say "44-J, 44-J, 44-J, ..." while writing
"1, 2, 3, 4, 5, ..."

C. Immediately begin to write down "44-J, 44-J, 44-J, ..." while
saying "I, 2, 3, 4, 5, ..."

D. Immediately begin fo write down "I, 2, 3, 4, 5, ..." while saying
"A, B, C, D, ..."

E. Cover your practice sheet of paper as you see "Test"

F. You see "Test"

G. 'l say "44" (or some other number)

H. You say aloud "J" (or the appropriate letter)

l. You see "Test 44" (or some other number)

J. You write down "J" (or the appropriate letter) on your answer sheet.

K. Steps I - 4 repeaf_wifh different number-tetter pairs.
L. Steps | - 5 repeat with different number-letter pairs.
Vil General Directions
There will be two long lists; we'll do one then take a break before

doing the other. Be sure you understand the procedure before we begin.
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VITl Written Recall of Second List

The second list will be similar:+o the first except you'll see
the test number on film instead of hearing it.

Another difference will be that you'll write down your answer
instead ofAsaying it aloud. You'll write it on a numbered answer
sheet. Do not write the test number, only the letter response. |If
you don't remember the letter, just put a dash in_+he numbered space
provided for that letter. Be sure not to skip any spaces on the

answer sheet; always put the letter answer or a dash.

IX  Spoken Recall of Second List

The second list will be similar to the first except I'l| say
the test number inﬁ%ead of you seeing it on fiim. The study part
will still be shown on the film.

Another difference will be that you'll say aloud your answer
instead of writing it down. When you hear the test numﬁer, say

your letter answer. f you don't remember, just say nothing.

INSTRUCTIONS FOR EACH GROUP

Oral Rehearsal with Spoken Recall of the First List:

I; 1t1; VI with statements A, B, F, G, H,‘Lj Vil; and VI,
Oral Rehearsal with Written Recall of the First List:

1, 11t, VI with statements A, B, |, J, K; VII; and IX.
Written Rehearsal with Spoken Recall of the First List:

15 1V; VI with statements A, C, E, G, H, L; Vil; and VIII.
Written Rehearsal with Written Recall of the First List:

th; 1V VI with statements A, C, E, I, J, L; Vil; and IX.



No Overt Rehearsal with Spoken Recall of the First List:
i; Vi Vl with statements A. D. F. G. H. L; Vil; and VIII.
No Overt Rehearsal with Written Recall of the First List:

Il; V; VI with statements A, D, t, J, K; VIl; and X,
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APPENDIX B
INSTRUCT IONS

FOR CONDITIONS WITH ORAL PRESENTATION

(Note: Each S was given the general instructions for oral presen-

tation plus insfructions for the particular group he was in)



INSTRUCT IONS FOR ALL CONDITIONS WITH ORAL PRESENTATION

This is a memory task. You will be presented a long list of
stimulus-response pairs; that is, a two digit number paired with a
letter of the alphabet. The first part of the pair will always be
a two-digit number. In this case there'll be four of them--33, 44,
55, and 66. They'll be presented in random order with a letter of
the alphabet. For example, pairs might be 33-J, 44-E, 55-X, 66-H.

You must remember the most recent letter paired with each number.
Each frial will include a ftest--when you recall the lefter most
recently paired with the given. number. You can then forget that
letter and you will be given a new letter to remember for that same
number. For example, you may have heard the pair 88-G. ‘Later a )
test will be "88". You recall the response "G". Then you'll hear
a new letter paired with 88, such as "88-J". You'll now remember
the 88-J pair and can forget the previous pair 88-G.

The procedure of the list will be alTernaTing test and study
periods. Suppose you have been presenfed these pairs: 33-H, 44-D,

55-C, 66-J. The list would go:

"Test 55" You respond '"C"
"STudy 55-A" |
"Test 66" You respond "J"
"Study 66-F"

"Test 33" You respond '"H"

36
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"Study 33-E"

"Test 55" You respond "A" since that was the most recent letter
paired with 55.

The list is tape recorded and you will listen to it. The word

"Study" precedes the number-letter pair you are to remember. The word

"Test" precedes the test number.

ADDITIONAL INSTRUCTIONS

| Spoken Recal |

When you hear the fesf numbef, say aloud the letter most recently
paired with it. Do not repeat the test number, just say the letter
response. There is only a short interval fto do this, so say the fetter
as soon as you hear the test number. This is a hard ftask and some-
times you may not remember the letter at all. When this happens, just
say nothing after the test. |If you think you know the answer but

aren't sure, go ahead and say your hunch. But don't make wild guesses.

'l Written Recall

After you hear the word "Test", I'll show you the ftest number on
a card. You write down the letter most recently paired with it on the
numbered answer sheet. Do not write the test number, only the lefter
response. There is only a short interval to do this, so write the
letter as soon as you see_The test number. This is.a hard task and
sometimes you may not remember the letfter at all. When this happens,
Just put a dash in the numbered space provided for that letter. |If

you think you know the answer, but aren't sure, go ahead and write
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your hunch. But don't make wild guesses. Be sure not to skip any

spaces on the answer sheet; always put the letter answer or a dash.

[N Oral Rehearsal

During The‘Three second study period you'll say aloud the stimulus-
response pair. |f you hear "Study 44-3", then say aloud "44-J, 44-J,..."
Keep repeating it for the entire period, until yéu hear "Test". Do not
whisper or murmur; speak as loud as you would in conversation.

At the same time you'li write down digits |, 2, 3, 4, etfc. We'll

practice this so you can get used to doing the two things at once.

IV Written Rehearsal

During the three second study period you'll write down the stimuius-
response pair. |f you hear "Study 44-J" then write down "44-J, 44-J,..."
Keep repeating it for the entire period, until you hear "Test". As you
hear "Test" cover your writing with the cover sheet.

At the same time you'll say aloud digits I, 2, 3, 4, etc. Do not
whisper or murmur; say the digits as loud as you would in conversation.
We'fl‘pracTice this so you can get used To doing the two things at

once.

V. No Overt Rehearsal

During the three second study period, you'll engage in two simple
“tasks. You will be writing digits |, 2, 3, 4, 5% etc. At the same
“time you'll say aloud the alphabet. Do not whisper or murmur; speak
as loud as you would in conversation. Keep writing digits and saying
the alphabet during the entire study period, until you hear "Test".
‘We'll practice this so you can get used to doing the two things af

once.
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Vi Summary of Sequence
To summarize, the series will go like this:

A. You hear "Study 44-J"

B. Immediately begin to say "44-J, 44-J, 44-J, ..." while writing
", 2,3, 4,5, ...

C. |Immediately begin to write down "44-J, 44¥J, 44-J, ..." while
saying "I, 2, 3, 4, 5, ..."

D. Immediately begin to write down "I, 2, 3, 4, 5, ..." while
saying "A; B, C, D, ..."

E. Cover your sheet of paper as you hear "Test"

F. You hear "Test 44" (or some other number)

C. You say aloud "J" (or the appropriate letter)

H. You hear "Test"

i. 1'il show ycu the test number "44" (or some other number) on a card.

J. You write down "J" (or the appropriate number) on your answer sheet.

K. Steps | - 4 repeat with different number-letter pairs.
L. Steps | = 5 repeat with different number-letter pairs.
Vi General Directions
There will be two long lists; we'll do one'fhenlfake a break before

doing the other. Be sure you understand the procedure before we begin.

VIl Written Recall of the Second List
The second list will be similar to the first except I'll show you
the test number on a card -instead of you hearing it from the tape
recorder. The study part Wili_sfilllbé given from the tape recorder.
Another difference will be that you'll write down your answer

instead of saying it aloud. You'll write it on a numbered answer
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sheet. Do not write the +es+ number, only the letter response. If
you don'fvremember the letter, just pQT a daéh‘in the numbered space
provided for that letter. Be sure not to skip any spaces .on the

answer sheet; always put the letter answer or a dash.

[X Spoken Recall of the Second List
The second Iisf-wfll be similar }o the first except you'll hear the
test number from the tape recorder tnstead of seeing it on the card.
Another difference will be that yod'll say aloud your answer
instead of writing it down. When you hear the test number, say your

letter answer. If you don't remember, just séy nothing,

INSTRUCTIONS FOR EACH GROUP

OraIARehearsal with Spoken Recall of the First List::

[; 11t; VI with statements A, B, F, G, K; Vtt; and Vitt.
Oral Rehearsal with Written Recall of the First List:

tt; 11t; VI with statements A, B, H, I, J, L; Vit; and X,
Written Rehearsal with Spoken Recall of the First List:

l; 1V; VI with statements A, C, E, F, G, L; VII; and VIII.
Written Rehearsal with Written Recall ofifﬁe First LisT:

Il; IV; VI with statements A, C, E, 1, J, L; VII; and IX.
No Overt Rehearsal with Spoken Recall of the First List:

l; V; VI with statements A, D, F, G, K; VIi; and VItt.
No Overt Reheursal with Written Recall of the First List:

It; V; VI with statements A, D, H, 1, J, L; VIl; and IX.



APPENDIX C

STIMULUS-RESPONSE LISTS



PRACTICE LIST

STUDY 44-N TEST 44 TEST 33 TEST 55
STUDY 55-5 STUDY 44-T  STUDY 33-R  STUDY 55-Y
STUDY 33-Y  TEST 66 TEST 44 TEST 66
STUDY 66-K  STUDY 66-U STUDY 44-K  STUDY 66-T
TEST 55 TEST 66 TEST 33 TEST 55
STUDY 55-0 STUDY 66-L STUDY 33-N

LIST A
STUDY 55-8  TEST 66 TEST 66 TEST 33 TEST 66
STUDY 33-0  STUDY 66-S STUDY 66-L  STUDY 33-U STUDY 66-K
STUDY 44-U  TEST 55 TEST 44 TEST 66 TEST 44
STUDY 66-N STUDY 55-0 STUDY 44-S STUDY 66-R STUDY 44-U
TEST 44 TEST 44 TEST 66 TEST 33 TEST 33
STUDY 44-K  STUDY 44-T  STUDY 66-Y  STUDY 33-L STUDY 33-0
TEST 55 TEST 55 TEST 33 TEST 55 TEST 33
STUDY 55-R  STUDY 55-N STUDY 33-T  STUDY 55-S STUDY 33-L
TEST 66 TEST 44 TEST 44 TEST 44 TEST 55
STUDY 66-T  STUDY 44-K  STUDY 44-0  STUDY 44-Y STUDY 55-R
TEST 33 TEST 33 TEST 44 TEST 55 TEST 55
STUDY 33-L STUDY 33-R  STUDY 44-N  STUDY 55-T STUDY 55-Y
TEST 33 TEST 55 TEST 55 TEST 66 TEST 44
STUDY 33-Y  STUDY 55-U  STUDY 55-K  STUDY 66-N STUDY 44-T

41



TEST 66
STUDY 66-S
TEST 55
STUDY 55-K
TEST 44
STUDY 44-N
TEST 33
STUDY 33-U
TEST 66
STUDY 66-T
TEST 55
STUDY 55-L
TEST 33
STUDY 33-S
TEST 55
STUDY 55-0
TEST 33
STUDY 33-Y
TEST 44
STUDY 44-R
TEST 66
STUDY 66-U
TEST 33
STUDY 33-K
TEST 66

STUDY 66-N

TEST 66

STUDY' 66-S
TEST 55
STUDY 55-T
TEST 44
STUDY 44-L
TEST 33
STUDY 33-R
TEST 66
STUDY 66-0
TEST 66
STUDY 66-Y
TEST 33
STUDY 33-N
TEST 44
STUDY 44-U
TEST 55
STUDY 55-S
TEST 33
STUDY 33-K
TEST 66
STUDY 66-L
TEST 44
STUDY 44-T
TEST 44

STUDY 44-0

TEST 66
STUDY 66-R
TEST 55
STUDY 55-N
TEST 66
STUDY 66-U
TEST 33
STUDY 33-S
TEST 55
STUDY 55-L
TEST 44
STUDY 44-Y
TEST 55
STUDY 55-R
TEST 33
STUDY 33-T
TEST 33
STUDY 33-N
TEST 66
STUDY 66-K
TEST 33
STUDY 33-0
TEST 55
STUDY 55-U
TEST 44

STUDY 44-L

TEST 44
STUDY 44-S
TEST 66
STUDY 66-T
TEST 44
STUDY 44-R
TEST 33
STUDY 33-Y
TEST 55
STUDY 55-K

TEST 55

STUDY 55-0°

TEST 44
STUDY 44-U
TEST 66
STUDY 66-L
TEST 66
STUDY 66-R
TEST 44
STUDY 44-N
TEST 33
STUDY 33-T
TEST 44

STUDY 44-$

- TEST 55

STUDY 55-Y

42

TEST 33
STUDY 33-K
TEST 55
STUDY 55-L
TEST 66
STUDY 66-0
TEST 44
STUDY 44-U
TEST 44
STUDY 44-R
TEST 55
STUDY 55-N
TEST 66
STUDY 66-Y
TEST 33
STUDY 33-S
TEST 66
STUDY 66-0
TEST 55
STUDY 55-T
TEST 44
STUDY 44-L
TEST 66
STUDY 66-K
TEST 33

STUDY- 33-Y



TEST 33

STUDY 33-U

TEST 66
STUDY 66-N
TEST 44
STUDY 44-0
TEST 55
STUDY 55-S
TEST 55
STUDY 55-K
TEST 44
STUDY 44-R
TEST 33
STUDY 33-T
TEST 66
STUDY 66-U
TEST 33
STUDY 33-L
TEST 33
STUDY 33-N

TEST 55

STUDY 55-Y

TEST 66
STUDY 66-0
TEST 44

STUDY 44-K

TEST 55
STUDY 55-U
TEST 33
STUDY 33-R

TEST 44

STUDY 44-S

TEST 66
STUDY 66-T
TEST 33
STUDY 33-L
TEST 55
STUDY 55-Y
TEST 55
STUDY 55-N
TEST 66
STUDY 66-U
TEST 33
STUDY 33-K
TEST 44
STUDY 44-0
TEST 33
STUDY 33-R

TEST 44

STUDY 44-L

TEST 66

STUDY 66-Y

TEST 55
STUDY 55-5
TEST 66
STUDY 66-K
TEST 66
STUDY 66-T
TEST 33
STUDY 33-0
TEST 44
STUDY 44-U
TEST 44
STUDY 44-Y
TEST 55
STUDY 55-R
TEST 33
STUDY 33-N
TEST 55
STUDY 55-L
TEST 66
STUDY 66-S
TEST 44
STUDY 44-0
TEST 55

STUDY 55-K

TEST 33

STUDY 33-U

TEST 55
STUDY 55-T
TEST 44
STUDY 44-N
TEST 66
STUDY 66-R
TEST 66
STUDY 66-L
TEST 44
STUDY 44-K
TEST 55
STUDY 55-5
TEST 33
STUDY 33-Y
TEST 33
STUDY 33-0
TEST 55
STUDY 55-N
TEST 44
STUDY 44-T
TEST 66
STUDY 66-U

TEST 44

STUDY 44-Y

TEST 66

STUDY 66-K
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TEST 55
STUDY 55-R
TEST 33
STUDY 33-S
TEST 66
STUDY 66-N

TEST 33

STUDY 33-L

TEST 55
STUDY 55-0
TEST 44
STUDY 44-U
TEST 33
STUDY 33-R
TEST 55
STUDY 55-S
TEST 55

STUDY 55-Y¥

"TEST 66

STUDY 66-T
TEST 33
STUDY 33-K
TEST 44
STUDY 44-L
TEST 55

STUDY 55-0



TEST 55

44

TEST 66 TEST 44 TEST 44 TEST 66
STUDY 66-Y STUDY' 44-U - STUDY' 55-0 STUDY 44-K STUDY 66-0
TEST 44 TEST 33 TEST 33 TEST 66 TEST 44
STUDY 44-5 STUDY 33-5 STUDY 33-U STUDY 66-R STUDY 44-L
TEST 44 - TEST 33 TEST 55 TEST 33 TEST 55
STUDY 44-N STUDY 33-0 STUDY 55-Y STUDY 33-S STUDY 55-S
TEST 33 TEST 55 TEST 44 TEST 66 TEST 33
STUDY 33-T STUDY 55-T STUDY 44-S STUDY 66-Y STUDY 33-K
TEST 66 TEST 44 TEST 66 TEST 55 TEST 66
STUDY 66-R STUDY 44-R STUDY 66-T STUDY 55-T
TEST 55 TEST 66 TEST 33 TEST 33
STUDY 55-L STUDY 66-K STUDY 33-0 STUDY 33-U
TEST 44 TEST 66 TEST 55 TEST 44
STUDY 44-K STUDY 66-L STUDY 55-U STUDY 44-N
TEST 66 TEST 33 TEST 55 TEST 44
STUDY 66-N STUDY 33-N STUDY 55-L STUDY 44-R

LIST B
STUDY 33-0 TEST 44 TEST 33 TEST 66 TEST 44
STUDY 66-S STUDY 44-N STUDY 33-S STUDY 66-R STUDY 44-K
STUDY 55-L TEST 66 TEST 55 TEST 33 TEST 66
STUDY 44-T STUDY 66-U STUDY 55-N STUDY 33-L STUDY 66-N
TEST 55 TEST 66 TEST 33 TEST 44 " TEST 55
STUDY 55-Y STUDY 66-K STUDY 33-T STUDY 44-U STUDY 55-S
TEST 33 TEST 44 TEST 55 TEST 55 TEST 55
STUDY 33-R STUDY 44-0 STUDY 55-Y STUDY 55-0 STUDY 55-T



TEST 33
STUDY 33-Y
TEST 66
STUDY 66-L
TEST 44
STUDY 44-R
TEST 66
STUDY 66-U
TEST 33
STUDY 33-0
TEST 55
STUDY 55-K
TEST 33
STUDY 33-N
TEST 44
STUDY 44-T
TEST 44
STUDY 44-Y
TEST 55
STUDY 55-L
TEST. 66
STUDY 66-S
~ TEST 66
STUDY 66-U
TEST 33

STUDY 33-R

TEST 33

STUDY 33-K

TEST 55

STUDY 55-N

TEST 44

STUDY 44-0
TEST 33
STUDY 33-Y
TEST 55
STUDY 55-T
TEST 66
STUDY 66-L
TEST 44
STUDY 44-N
TEST 33
STUDY 33-U
TEST 66
STUDY 66-0
TEST 33
STUDY 33-S
TEST 66
STUDY 66-K
TEST 55
STUDY 55-R
TEST 44

STUDY 44-L

TEST 66
STUDY 66-Y
TEST 44
STUDY 44-T
TEST 44
STUDY 44-0
TEST 33
STUDY 33-N

TEST 55

STUDY 55-U

TEST 66
STUDY 66-R
TEST 44
STUDY 44-S

TEST 44

STUDY 44-K

TEST 66
STUDY 66-T
TEST 55
STUDY 55-L

TEST 33

STUDY 33-0

TEST 66
STUDY 66-Y
TEST 44

STUDY 44-U

TEST 55
STUDY 55-N
TEST 55
STUDY 55-5
TEST 44
STUDY 44-R
TEST 33
STUDY 33-T
TEST 44
STUDY 44-L
TEST 66
STUDY 66-0
TEST 33
STUDY 33-U
TEST 55
STUDY 55-K

TEST 33

STUDY 33-R

TEST 66
STUDY 66-N
TEST 66
STUDY 66-T
TEST 44
STUDY 44-Y
TEST 66

STUDY 66-S
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TEST 33
STUDY 33-L
TEST 55
STUDY 55-U
TEST 55
STUDY 55-0
TEST 44
STUDY 44-N
TEST 55
STUDY 55-R
TEST 66
STUDY 66-K
TEST 33
STUDY 33-Y
TEST 33
STUDY 33-S
TEST 55

STUDY 55-L

" TEST 44

STUDY 44-U
TEST 44
STUDY 44-R
TEST 55
STUDY 55-T
TEST 66

STUDY 66-N



TEST 55
STUDY 55-0
TEST 33
STUDY 33-K
TEST 66
STUDY 66-Y
TEST 33
STUDY 33-U
TEST 44
STUDY 44-S
TEST 55
STUDY 55-L
TEST 55
STUDY 55-R
“TEST 33
STUDY 33-T
TEST 44
STUDY 44~-K
TEST 66
STUDY 66-0
TEST 44
STUDY 44-S
TEST 33
STUDY 33-N
TEST 55

STUDY 55-U

TEST 44

STUDY 44-Y

TEST 66
STUDY 66-K
TEST 66
STUDY 66-L
TEST 44
STUDY 44-T
TEST 55
STUDY 55-5

TEST 33

STUDY 33-0°

TEST 33
STUDY 33-Y
TEST 55
STUDY 55-R
TEST 66
STUDY 66-N
TEST 44
STUDY 44-L

TEST 66

STUDY 66-U.

TEST 66
STUDY 66-T
TEST 33

STUDY 33-K

TEST 44
STUDY 44-S
TEST 55
STUDY 55-Y
TEST 33
STUDY 33-L
TEST 66
STUDY 66-R
TEST 55
STUDY 55-0
TEST 24
STUDY 44-N
TEST 66
STUDY 66-U
TEST 33
STUDY 33-K
TEST 33
STUDY 33-T
TEST 44
STUDY  44-L
TEST 66
STUDY 66-Y

TEST 55

STUDY 55-S

TEST 66

STUDY 66-R

TEST 55
STUDY 55-U
TEST 44
STUDY 44-K
TEST 33
STUDY 33-0
TEST 44
STUDY 44-Y
TEST 44
STUDY 44-N
TEST 66
STUDY 66-S
TEST 55
STUDY 55-L
TEST 55
STUDY 55-K
TEST 33
STUDY 33-R
TEST 66
STUDY 66-T
TEST 33
STUDY 33-U
TEST 44
STUDY  44-0
TEST 55

STUDY 55-S

46

TEST 33
STUDY 33-Y
TEST 66
STUDY 66-L
TEST 33
STUDY 33-N
TEST 55
STUDY 55-T
TEST 44
STUDY 44-R
TEST 44
STUDY 44-U
TEST 55
STUDY 55-Y
TEST 33
STUDY 33-0°
TEST 66
STUDY 66-K
TEST 66
STUDY 66-S
TEST 33
STUDY 33-T
TEST 55
STUDY 55-N
TEST 44

STUDY 44-L



TEST 55
STUDY 55-K
TEST 44
STUDY 44-Y
TEST 33
STUDY 33-R
TEST 66
STUDY 66-0
TEST 44
STUDY 44-T
TEST 66
STUDY 66-U
TEST 33
STUDY 33-S
TEST 55
STUDY 55-L
TEST 66
STUDY 66-R
TEST 33
STUDY 33-0
TEST 33

STUDY 33-K

TEST 44
STUDY 44-N
TEST 66
STUDY 66-Y
TEST 55
STUDY 55-U
TEST 33
STUDY 33-S
TEST 44
STUDY 44-K
TEST 55
STUDY 55-0
TEST 55
STUDY 55-T
TEST 66
STUDY 66-N

TEST 44

STUDY 44-R

TEST 33
STUDY 33-U
TEST 55

STUDY 55-Y

TEST 44
STUDY 44-T
TEST 55
STUDY 55-L
TEST 66
STUDY 66-0
TEST 66
STUDY 66-S
TEST 33
STUDY 33-N
TEST 55
STUDY 55-R
TEST 44
STUDY 44-Y
TEST 44
STUDY 44-U
TEST 66
STUDY 66~T
TEST 33
STUDY 33-S

TEST 66

STUDY 66-L

TEST .33

STUDY 33-K

TEST 55

STUDY 55-0
TEST 44
STUDY 44-N
TEST 66
STUDY 66-S
TEST 33
STUDY 33-L
TEST 33
STUDY 33-U
TEST 55
STUDY 55-Y
TEST 44
STUDY 44-R
TEST 66
STUDY 66-0
TEST 44
STUDY 44-K
TEST 33

STUDY 33-N

47

TEST 66
STUDY 66-L

TEST 55

'STUDY 55-T

TEST 55
STUDY 55-R
TEST 44

STUDY 44-$

" TEST 55

STUDY 55-U.
TEST 33
STUDY 33-0
TEST 66

STUDY 66-Y

TEST 44




APPENDIX D

Ss' INDIVIDUAL SCORES
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