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FOREWORD

As part of a program of study directed to improving human-dats receptionm,
processing and storage, this activity sponsored experimental research to
investigate three variables: the strategies employed by human subjects;
the organization of the information being communicated; and the character-
istics of the display itself.

This report, one of three stemming from Contract N61339-1303, deals with
the effect that systematically increasing the rate of input information
has on short-term memory. It was found that relatively high levels of
such input-load stress did not lead to an expected breakdown in the
critical memory task.

The findings suggest that operators "adspt" to the high-input rates by
encoding the data, i.e., imposing their own unique organization on the
incoming material., This "filtering" technique permits assimilation and
processing of large amounts of unconnected, meaningless material.

If the widely-held assumption that a high-endugh information-input rate
must disrupt perforsance is indeed open to question, then at least one
implicacion of the present results seems fairly obvious: in the training for
and design of high speed, man-machine closed-loop aysteams, greater
attention should be focused on problems of storage and output processing
(rather Zhan input rate).

We Lhave suggested some directions towards additional research to further
Zefine critical fsctors and test hypotheses indicated by our findings.

The two other studies performed under this contract are NAVIRADEVCEN
Technical Report 1303-1 dated 11 June 1964 (The Effect of Various Modes of
Rehearsal on Short-Temm Recall); and MAVTRADZVCEM Technical Report 1303-3
dated 11 June 1964 (Visual After-Images as a Source of Information).

nnsa\u. J. K A
Project Psychologist
U. 8. Naval Training Device Center
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SECTION I
INTRODUCTION

The low capacity of the human operator to handle information
places a limit on man-machine systems involving rapidly changing
displays. As a means for inCreasing system performance there is
currently a great deal of research attention being given to study of
the factors which impose human information handling limitations.
Chief among the factors assumed to be involved are those which deter-
mine the operator's reception of incoming data and those which deter-
mine his immediate memory of the data received. an understanding of
the nature of these processes seems necessary as a basis for design
and training orinciples. Such principles are especially applicable
to high speed equipment characteristic of complex military systems.

Combat information centers and ajr traffic control centers are
examples of systems in which a variety of rapidly changing visual
displays are involved. Such systems include reception of raw radar
returns and the transformation of these returns to aloha-numeric
data presented on a secondary display. If the operator at either
position is overloaded in the scnse that he cammot keep up with the
data, the system's performance is jeopardized. The approach of this
investigation assumed that i{f the rate st which dats are coming in
is s0 high as to produce an actual breakdown in performance, better
perrormance should result from 2n arctificial reduction in the rate.
In different terms an operator who is cri:ically overlosded when he
is given all of the data, should perform better with less than that
much data. Clearly, the amount of informmation can be reduced to such
a low level that the operator has mo basis for effective performance.
Thus, it can be expected, that there is sowe optimum input rate of
information which lies between too little snd too much data in a
given period of time. In the examples given it is possidle to regu-
late the information flow rate betweem the primary or semsing end
of the system and the secondary display. There is also the possibil-
ity of storing mechanisms vhich cam be used to regulate the rate with-
out loss of the data,

The limitations of man's ability to process information have been
ascribed to limitations in perceptual spean and limitations in the span
of short-term memory (Miller, 19356; Woodworth & Schlosberg, 1934).
Recently this two-process distinction has been subjected to empirical
investigation and is now expressable in terms of experimental opera-
tions (Teichner, Reilly & Sadlar, 1961; Teichner & Sadler, 1362; Teichner
& Myers, 1962; Sperling, 1960). The results of these investigations
strongly suggest that short-term memory is wmore critical than perception
to human informetion processing. Therefore, the present investigation
vas directed toward the further study of mewory limiting conditions.

As such it vas one of three investigations carried out which were
intended to evaluate hypotheses about wethods for fmproving human data-
handling (cf., Teichner & Wagner, 1964; Lewis & Teichner, 1964).

There appear to be three logically distinct, though not necessar-
1ly mutually exclusive, classes of conditions which might limit short-

term memory: (a) Input processing stresg which occurs, among other
1
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situations, vhen the mmount of i{nformation presented in a given time
exceeds the maximal memory acceptance rate; (b) Output processing
stress which occurs when the rate at wvhich fttems are elicited exceeds
the rate of retrieval from storage, or wvhen the responding activity
itself interferes with correct reporting; and (c) Internal processing
stress which occurs as a result of computational and logical opera-
tions performed with items in the storage. The present experiments
were concermed primarily with input stress conditions, although some
problems of processing and of output stress were also considered.

Studies utilizing infurmation measures (Klemser & Muller, 1953;
Quastler, 1955; Alluisi, Muller & Fitts, 1957; Anderson & Fitts, 1958)
have damonstrated that beyond some input information rate, ths in-
formation transmitted through S decreases with further increases in
rate. It is important to recognize that information transmitted is
a relative rather tham sbsolute xessure. That is, it is the propor-
tion of the output associated withk the input. Thus, the breakdown®
phenomenon that has been demonstrated is a breakdown of relative
performance. When ths percent of correctly reported items, snother
relative measure, is used, relative parformance is perfect at low
rates and decreases systematically vith higher rates (e.g., Teichner,
Reilly & Sadler, 1961). Thus, in the sense that increasing rates
lead to a reduction in the level of performance, relative measures
reflect s breakdown in performsnce under input stress. However, {f
an absolute measure of the performance level is used, such ae the
numder of correctiy reported items, tha data available so far suggest
that performance resches an asymptote; there are no data yet available
which suggest that. at some high level of imput stress, absolute per-
formence messures shov bdresk dowm. Yet Common experience suggasts
that such a phencmenon probably erists.

The primary purpese of these studies was to explore the question
of whether a perfommance which is critically dependent upon short-terw
menory breaks dowm with iaput rate imncreases vhen performance 1s mea-
sured ia absolute terwms. Since, for any fixed input time, increases
in quantity of informatiem represeat increases in the input rate, a
breskdowm, if demsmatrated, can de theught of as the result of exceed-
iag the memery storege rate. Thus, it could be asked, given such a
breakdowm, wvhether the sbselute performance level might not be in-
creased by redusing the iaformetionsl imput load. In simpler tems,
will § report more correct itams when there is less to be recalled
than vhen there 18 teo much to be recalled? The studies were set up
with these questiens ia mind.
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SECTION II

EXPERIMENTAL STUDIES

Experiment I

Problem

In the studies by Teichner (1961, 1962a, 1962b) t!.e amount of in-
formation presented to S was varied by presenting from four to nine
randomly posltioned letters per display and the rate was varied by
exposivg each display for from 0.5 to 7.N sec. Thus, rate of input
varied from 4/7 letters per sec. to 9/0,5 letters per sec, The displays
were presented one-at-a-time and Ss reported in the same manner. Under
these conditions for cxposures of l-sec. or more, an increase in the
number of letters displayed led to & slight and negatively accelerated
increase in the absolute number of letters correctly recailed.

In the present experiment an attempt was made to increase the
input stress by presenting 3s with sequences of displays. After the
last display in a sequence Ss were required to report the letters
remenbered from each display in the sequence. This task not only in-
creased :the number of letters which were to be recalled, but also re-
quircd S to remember which letiers were on which particular display.
[t was expected that this increased level of input stress would lead
to "breakdown®,

Sperling (1960) and Anderson (1960) have demonstrated the utility
of a technique, known as partial reporting. Instead of calling for a
report of the full contents of memory, a report of only a part of
remory may be required. In general, more can be reported for a parti-
cular part than can be reported for that part wvhen it is included in
a fu.l report. The advantage of partial reporting is attributed to
the reduction of the interfering effect associated with the act of
reporting. In our termminology this translates to a reduction tn
output processing stress. Thus, utilizing partial reporting as well
as full reporting permits exsmination of the effects on short tern
menory of input stress at two levels of output stress. Thir was the
general plan of this experiment, It weas assumed that eiiher reporting
condition involved equivalent internal processing stress since, for
any given report, it was the total contents of a single display which
vas demunded,

&EII‘.S\II

One hundred and sixty iegative stimulus slides were made dy
photographing capital letters typed on 3 x 5 in, cards. The locations
of letters on each slide were determined by independent random assign-
ments of letters to the cells of a2 10 x 10 matrix, Each cell vas
separated from the next by one typewriter space, both horizontally
and vertically. The particular letters on each siide were chosen as
independent random samples from the total alphabet. The number of
letters on a slide, defined as the "load®, was 4, 5, 6 or 7. Forty
slides were made for each loed. Instruction slides, telling S on
which stimulus slide to report, were made by photographing black decals

3
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against a white background, They read either W3th, Withyw, #3rdw, #2nd"
or *iat¥, The slides wers projected via a Kodak Carousel automatic
slide projector to a screen 12.5 ft. from S's eyes. The projecticn
area was 64 x 44 in,; the letters were 1.5 in, high, and instruction
characters were slightly more than 3 in. high.

The exposure of a slide was regulated by a solemoid-operated
shutter mounted immediately in front of the lens of the projector. The
changing of slides, exposure time, and interslide interval were con-
trolled by a prepunched paper tape co';'ed with a two sac. pulser, The
experimental room was in semi-darkness, The Ss sat at an IBM cardpunch
and "keyed® their responses to each individual slide on separate IBM
cards, The prepunched paper tape also controlled the IBM keypunch,
automatically changing cards, and attomatically locking and unlocking
the keyboard, thus controlling the time allowed fo~ a report.

Subjects

Six volunteer undergraduate stulents at the University of Missa-
chusetts were used as Ss. All six had demonstrated an ability of 35
net wpm on a standard typewriter and all had served in at least one
similar type of experiment in the past. They were paid by the hour
and, in addition, competed for prizes of ten and five dollars for the
highest scores susmed over all experimental conditions.

Procedure

The 40 slides of each load level were divided into eight 5-slide
sequences. Each slide was exposed for 7 sec,, tith 2 sec. between
slides, Two seconds after a sequence of 3 slides an instruction slide
vas presented vwhich told $ on whith slide he was to report. For the
Full Report (FR) condition this slide would say "Stiw, indicating to
S that he was to report on ths last slide semn. This siide was ex-
posed for 2 sec. following which the keyboard was unlocked for & sec.
to allow for the keying of the report. Immedigtely after the repori-
ing interval the mext iastruction slide (With™) appeared. The .cquence
vas repested until the end of the r?nl-: interval following the last
tnstruction siide (which said, "1st%), A 6 sec. waiting period
followed the last reporting period before a mew stimulus sequance
sterted, For the Partial fupert (PR) condition there was only one
instruction slide and one reporting period prior to the 6 sec. wait-
ing pericd. In this case the instruction slide indicated that 8
should report om the fourth, third, or second slide scen in the 3-slide
ssquence. He was never asked to report om the first or last. The
combination of a sequence of five slides plus one or five re;.rts vwill
be referred to as a trial.

With respect to report, there were four kiads of trial, namely:
(1) FR; (2) PR calling for siide 2; (3) PR calling for slide 3; and
(4) PR calling for slide 4. Bach of these four kinds of trial was
called for twice under each load condition, thus yielding eight trials
for each load. One of the eight 5-slide sequences was assigned to each
of these eight trisls; thus thers wers eight unique slide-report com-
binations. This was done for all four loads ylelding s total of 32
unique slide-reyort combinstions. These 32 combinations made up an

&
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experimental session. There were five such sessions. The order of
the slide-report combinations was randomized within each load and in-
dependently randomized for each experimental session., Each of these
randomized orders was the same for all Ss. There were 5-minute resting
periods between load treatments wvithin a session and at least 24 but
not more than 48 hours between sessions.

Subjects were randomly assigned to two groupes of three Ss each.
The two groups were run through the five experimenta) sessions as
groups of three .henaver scheduling rermitted. During ali five sess.ons,
one group was given the 4«load treatments in an ascending order, i.e.,
loads of 4, 5, 6 and 7 in that order. The second group of three Ss was
given the lcad treatments in the opposite (descending) order., Following
this procedure, the gessions were comparable within groups for leaming
or practice effects and between groups for an order effect.

Preliminary Training

Before the main experiment all Ss were given a practice sessimn
vith a set of l-letter slides, and then a second session with 2-letter
slides. During these practice sessions Ss :re presented witn 5-slide
sequences and the same instruction slides they were later tc receive
inu the main experiment. These sessions were as long as was required
for Ss to attain near-perfect performance, or for 40 trials which
ever was longer. As it turned out all Ss reached criterion levels by
the end of the 40 sequences in both sessions,

Results

In exarining ths effect of order-of-lcad treatment, it +as found
that the Ss in the group receiving the loads in ascending orde.
correctly reported a fraction of a letter per slide more than the other
group. This difference showed no consistent change with load, report,
stim.lus-slide position in the 3-slide sequence, or scssions. Con:e-
quently, data for the two groups were combined, and all analyses are
based on the combined data.

Since the PR condition applied only to the middle three slides of
the 3-slide sequences, three separate analyses of variance were per-
formed on the deta: (1) the number of letters correc:ily reported per
#l1de in the FR condition; (2) the number of letters correctly reported
per slide in the PR conditiont and (3) the number of letrers correctly
reported on the middle trree slides of the FR condition as compared to
the number of letters correctly reportad on the same three slide
positions in the PR condition. These analyses are summarized in Tables
1, 2 and 3 respectivaly (see Appendix A).

Full Report

The main effect of load was not significant. The main effect of
position in the 5-slfde sequence and the Load x Position interaction
wore both significant (p < .01 in both cases). The solid lines in

Fig. 1 depict these effects. The data are plotted in terms of mean
number of letters correct per slide as a functi-n of load with a
separate graph for each of the five slids positions. Note that if the

5
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data vere collapsed across loads, the main effect of position would
be a systematic decresgse in performance from the first to the fourth
report followed by a slight increase on the fifth report reletive to
the fourth, If the fifth report reversal can be accepted, the over-
¢l]l trend {s similar to a bowed serial position curve, i.e,, a curve
wvhich i{s a U-function of the position of the item to-be-recalled in
the series.

When considering the Load x Position interaction it may be seen
that performance on the las: slide seer. increased as load increased,
but performance on the othe. four slides showed no consisteat change
with load. This interpretation of the Load x Position interaction is
further supported by examiration of the data for individual Ss. All
six Ss showed increasing performance with increasing load for the
£1fth slide seen, but there wazs no consistency for the other four slides.

The data shown in Fig. 1 are averaged over sessions, When plotted
for individual sessions i1 the same manner, no ordcrly change could be
o.served corresponding to the significant Load x Position x Session
interaction.

In Fig. 1 the straight dashed lines with 45° slope represent the
maximum posszible number of letters correct per slide. Taking the
difference betwean the perfect performance line and the data points
x8 a rough approximation to the inverse of the relative performance,
it can be seen that, for any positicon in the sequence, the relative
performance generally decreased as load increased. A plot of per
cent correct showed the same general picture.

Partial Report

Tiw main effects of load, position and seasions in the PR con-
dition were all significant (p < .01, p < .05 and p < .05 respectively).
The effects of 1oad and position, however, require closer examination
due to the sigaificance of the Load x Positionm interaction (p < .0l).
The dotted lines in Pig. 1 show the effe.ts of load and position on
the mean aumber of letters reported correctly.

Constidering only the maia effect of position, it may be seen in

Fig. | that performance first decreased slightly and then increased
going from the most recently-seen slide (fourth slide presented) to
the most remotely-seen slide (second slide presented). Considering
only the main effect of load, it may be seen that performance first
incressed and then decreased as 1oad was increased. However, this
reversing load effect only characterigzed the reports to the second
aud fourth slides seen. On the third slide accuracy of report was
only sa increasing function of load.

A plot of the per ceat correct per slide (not shown) indicates
that, for all three slides, performance first increased, and then de-
creased as load was increased from four to seven lettcrs per slide.
It is not at all clear why the per cent correct for s load of four
vas lower than the per cent correct for a load of five.
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Partial vs, Full Report

In the statistical analysis of performance for FR vs. PR (for the
second, third and fourth slides) the data were averaged over sessions.
The pairs of data lines for slidez 2, 3 and 4 in Fig. 1 1llustrates
the com: arisons made in this inalysis. The main effects of lcad and
report were both significant at the ,01 level but the main effect of
position was not significant. The significant effect of report is
depicted in Fig. 1 where, in general, performance in the PR condition
was superior to that in the FR, All effe.:s are, however, confounded
by significant interactions, namely, Report x Position, Report x Load,
and Report x Load x Position,

The significant effects of experimental session (Tables 1 and 2)
are 1llustrated in the solid lines of Fig. 2. Mean number correct per
slide is plotted as a function of sessions. In general, it may be
seen that performance increased gradually over the five sessions. It
should be noted that Ss saw and reported on the identical slides
over all five sessions. Upon questioning after the last session, all
Ss reported that they had learned what to expect on some of the slides
and kad, in fact, recoded the letters on some of the slides into
approximations to syllables, words or phrases.

Experiment II

“roblem

For the FR condition the conditions of Exp, I produced no break-
down in performance with increasing loads :lthough the input stress
level had been expected to be adequate for this., Experiment II wvas
designed to increas= the stress to a still greater level in the hope
of achieving s performance breakdowm, In anticipetion of the break-
dowan, Experiment II was also designed to test the hypothesis that a
reduction in input information below those levels which produce break-
down will lead to a met increment in the number of correctly reported
1atterse The removal of some of the input information wes sccomplished
by substituting blanx siides for some of the slides in the sequence.

Qgcut\u

Two-hundred and eighty nev slides were constructed using the pro-
cedures of Exp. I. The number of letters on a slide (load) was varied
from six to nine; 50 slides were made with loads of six and 50 with
loads of seven; 90 slides were made with loads of eight end 90 with
loads of nine. By including the 40 slides each with loads of six and
seven from Exp., I, there were a total of 90 slides for each of the
four load treatments available. In addition 120 blank negative slides
were made by photographing s plain white background, When projected
to the screen these blank slides produced a uniformly dark gray area
which covered the usual total projected area. The apparatus used for
prvjecting the rlides and for recording responses wvas identical to
that used in Exp. I except that the prepunchad paper tape was coupled
with either a l1-sec. or a 2-sec. electric pulser.

s
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Subjects

The six Ss usel in Exp. I were used again. They were paid by
the hour and, in addition, competed for new cash awards for the greatest
number correct over all experimental conditions. In this experiment Ss
were run individually through all experimental conditions.

Procedure

Only the FR condition was used. As before a trial was a full
sequence of five slides plus report. Similarly the order of report was
the reverse of the order of prereniu.tion, Iiwre were 15 trials per
session for each of the four loads. All 15 trials at a given load level
vere completed before a new load level was introducad, The four load
levels were always presented in csicending order of magnitude. A
session contained 60 trials, 15 at each of the four levels of load.
There were 6 sec. between successive trials within a given load :reat-
ment and 10 min., between load treatments within a session. There vas
from 24 hr., to 72 hr. between sessions,

The particular slides used for the 15 trials of any given load
treatment were determined by randomly ssmpling 75 slides from the 90
slides avajlable., Different random samples of slides were used for
each $ within a session and nev random samples were used for each
session.

Blank slides were inserted only in the second, third or fourth
positions of the 5-slide sequwnce. The number of blanks inserted
wvas either 0, 1 or 2, The position of the blank slides within a
sequence was varied randomly over the 15 trials of each load level
wvith the restriction that a blank apriar equally often in the three
possible positions, A different random order of blank position was
used for each load level, for each S, and for each session.

Two exposure times (1 or 2 sec.) and three numbers of blank slides
(0, 1 or 2) were combined orthogonally to produce six different com-
binstions of treatment. A given combination, fo. a given S was con-
stant over esch experimental session. The treatments were administared
to the $ in a balanced Latin square which is described in Table &,

Two sec. after the last slide of any sequence, five 4-sec., time
periods were made availsble for reporting on each of the five slides
in the sequence. Evcn though no instruction slides were used in this
experiment cthere was 2 sec. between adjacent slide reporting intervals.
The Ss were instructed to use each of the five periods for the appro-
priate slide reports, but if the slide to be re.urted during a given
period were a blank slide, they were to wait out the time allotted
for the report without keying the cardpunch,

Results
For reasons beyond our control only four $s completed all six
sessions (see Table 4). It was necessary, therefore, to use only these

Ss and to analysze the data under the assuaption that practice effects
and first order sequential effects were not significant. It should be
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noted that, if the assumpuion made above were in fact not true, the
practice and the sequential order effects were confounded with the
other experimental variables,

An analysis of variance (Table 5) was performed on the total num-
ber of letters correctly recalled per 5-slide sequence., Blank slides,
of course, contributed nothing to the total. The effect of exposure
time was not significant, The effects of load, number of blanks, and
the Load x Blanks interaction were significant, each at p < .0l.

Figure 3 presents the data in terms of the mean number correct per
slide in the 5-slide sequence as a function of load with blanks and
exposure time as parameters, The figure shows that under all conditions
the number correct increased as the load increased. Also, for each
level of load, an increase in the total number of slides which actually
contained letters led to an increase in the number correct. Figure 3
also suggests that perfommance in the zero blank condition increased
somewvhat more rapidly with increasing load than in either the 1- or
Z-blank conditions. Thus, it is seen that the significant Load x
Blank interaction is orderly.

Comparisons were also made between comparable conditions of this
experiment and Exp, I. It was found that for the four Ss common to
both experiments, the Exp. I mean was 2,76 correct per slide, while for
the present experiment it was 3.29 letters correct. Reports by the Ss
after the last experimental session indicate that a considerable por-
tion of this continued improvement with practice might be attributed
to an increased frequency of encoding the letters on each slide into
more easily remembered approximations to syllables, words, and phrases.

Experiment III

Problem

Input loads as high es nine letters per slide in s 3-slide 3e-
quence failed to produce breakdowm, and the introduction of blank
slides failed to increass (actually decreased) the reportable contents
of short-temm memory. Experiment III iacreased input iocad stress still
further by increasing the number of slides in the slide sequence. In
sidition, since the S» of Exps. I and II were very familiar with the
slides, Exp, III employed naive Ss.

Anparatus

Eighty-one slides frow each of loads 6, 7, 8 and 9 were randomly
chosen for use in this experiment. In addition to these, blank slides
vere also used,

The projection and recording apparatus was identical to that des-
cribed previously,

Subjects

Thirty volunteer astudents on the UniV.tl!ti of Massachusetts
compus during the summer session were used in this experiment. All of

9
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these Ss demonstrated a minimum typing speed of 35 wpm and were all

at least 18 years of age. All Ss were paid by the hour and in addition
competed within their respective groups for cash awvards for the highest
score summed over all experimental conditions.

Procedures

The 30 Ss were divided into three groups of 10 each. Each group
vas randomly assigned to a different length of sequence condition. The
three length conditions were 5, 7, or 9 slides per sequence. These
sequences of slides were followed respec:ively by sequences of 5, 7 or
9 slide-report periods, e=ach slide to be reported in reverse of the
order of presenration. A trial was defined as the combination of a
sequence of slides and the corresponding reports.

Each S responded for 36 trials in three blocks of 12 trials each,
corresponding to the three blank slide conditions, The order of admin-
istering the blank slide conditions was partially balanced over Ss.

Each block of 12 trials consisted of four sets of three trials each

for loads 6, 7, 8 and 9 (sets administered in that order). Each set

of three trials consisted of one trial each for eack of the three
posaille positions of blank slides. The load and blank slide conditions
vere as defined in Exp, II. Blank slides were always inserted into
either one or two of the middle three positions of a given sequence.
For ex: ple, in a sequence of length 7, blank slides, when employed,
could be inserted into positions 3, 4 and/or 5. Within any biank
condition all three possible combinations of positions were employed
hut the order of presentation of the positions over the set of three
trials was independently randomized for each load and each length of
sequence, The actual slides, and the order of the slides used in a
given set of three trials were the same for all Ss in a group. Blank
slides were used temporarily to replace the letter slides when required.

Slides were exposed for 1 sec. and there was 1 sec. between
successive slides in a given sequence of slides. Two sec. after the
exposure of the last #2lide in a sequence the IMM keyboard was unlocked
for 4 sec. to allow for the first report. Thersafter, for the duration
of the seruence of reports, the keyboard was unlocked for & sec. every
5 sec. Tiws, there were 1-sec. intervals between successive reports.
No inst=.ction slides were used,

The Ss were run individually through all appropriate conditions
in one day's session. There were rest periods ot sbout 2 min. betwsen
successive load treatments within a given blank condition and about
10 min, between successive blank conditions.

Praliminary Trainin

Every S was put through three separate practice sessions before
parzicipating in the main experiment. The Ss were paid by the hour dur-
ing these sessions also. Details of these sassions are to be found in
Appendix C. Esch of the first two sessinns involved practice on 80 to
100 single slides of loads & and 5. The third session involved 60
slides wit'. loads of 4 through 9. .Just prior to the fiist session of
the main experiment Ss were given six trials of the sequence length

10
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appropriate for the group to which they had been assigned. They re-
poited at the end of the sequence, as they did in the main experiment.
There were three trials each of loads 4 and 5, Load was constant with-
in trials. Ten min. after this practice session the main experiment
was started,

Results

The results of this experiment were analyzed in terms of the
total number correct summed across the three trials which made up a
Length x Blank x Load condition., The analysis of variance is summarized
in Table 6,

This analysis showed the main effects of length, load, and blanks
all to be significant (p < 0,01 in each case). Figure 4 illustrates the
differences involved in these effects, The dependent variable in this
figure is the total number correct over the same three trials used in
the analysis of variance summed over the 10 Ss in each group (length of
sequence)., It may be seen that as the length of sequences increases,
there i5 an over all tendency for total number correct to increase.

The effect of an increase in load leads, also, to an overall increase
in the total number cerrect and this is true for each of the length
treatments. The depicted tendency for load to have a grcater effect
for the sequences of length 9 than for the shorter sequences is
supported by the significant Length x Load interaction (p < 0.01).

The significant effect of blanks shows up in each of the length
conditions but is not as consistent as the other tuo main effects.
In general, as number of blank slides in a sequence incrsased the
total number correct decreased. The load by blank interaction, which
was also significant (p < 0.01), can also be sesn for each of the
length conditions, though it i{s not very orderly,

11
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SECTION III
DISCUSSION

For both experienced and naive Ss it was found that increcasing
the length of a series of slides, increasing the number of information
slides per unit time, and increasing the number of letters per slide
all lead to an increase, or at least no dncrease, !n the total number
of letters correctly recalled when the S is asked to make a full re-
port (FR) of what he was shown. For these conditions it appears rea-
sonable to conclude that increases in input stress do not lead to
breakdown.

For the partial report (FR) condition, however, performance
appears to break down for certair slide positions in a sequence of
slides, According to the usual interpretation (Anderson, 19€0; Sperl-
ing, 1960) of the PR condition, this condition should have resulted
in a reduction in output processing stress relative tec tne FR condi-
tion, with all else remaining approximately constant, This leads to
the uncomfortable conclusion that reducing output stress leads to
conditions which will yield break down in performance for hiyxi: levels
of input stress. A re-examination of the situation, however, suggests
the following hypoihes’s: PR conditions such as those of Experiment
I impose processine and Jutput stress which sre absent in the FR con-
dition. The FR conditi'oa requires S to recall each slide in sequence
and he has 4 sec, to report on each of :hese slides. The PR condition,
on the other hand, requires that _§ scan his memory imtil he finds the
appropriate slide after which he must make a raport, but he has only
a total of & sec. to accomplish both the scan and the report. As
the number of letters per slide {s increased the differences between
slides is reduced, and the selective retrieval of just one becomes
increasingly difficult. Further, if S must acan through the siides
iten by item, it necessarily takes longer to do it if there are more
items. The lack of breakdown for the central slide position, how
ever, remalns to be explained. Additional experimental exploration
is needed,

The ineffectiveness of incresses in input load stress to produce
a decrement in the amount stored in short term memory remains to be
axplained, Three ideas are relevant to any possible explanation(s).
First, vhat would a random guessing machine do if it emitted as many
responses (guesses) as did the $s in the experiments? Second, to
what extent did the Ss encode (Fchunk”) the letters on each slide?
And, third, do the §s impos: their owm input filter, essentially
ignoring all information that they feel they cannot handle?

1l The expected number correct for any given load sad for any
given number of responses may be calculated via the hypergeometric
distribution (Feller, 1937). PFigure 5 depicts the comparison of
actual number correct with the number expected correct by chanca for
certain comparable conditions across the three experiments, The four
expsrienced Ss of Experiments I and I tend to emit at least as many
responses per slide as thers were letters per slide, emitting con-
sistently more in Experiment II. The naive Ss of Experiment III emit
fever responses than there wers letters, especially for the higher

12




Technical Report: NAVTRADEVCEN 1303-2

loads. These differences in number of responses account for the
differences in the expected numbers correct. In general, performance
is above chance for all conditions, but approaches towards chance as
load is increased. The data tannot be accounted for simply in terms

of a random guecsing machine. The Ss actually store something in
short-term memory,

2, According to the casual verbal reports of the Ss during and
after the experiments, the somuthing that is being stored may very
frequently be an encoding, or "chunking® (Miller, 1956) of the letters
on a slide, and not just a sequence of randomly juxtaposed letters.
The encoding may take the form of an ssproximation to a syllables, word,
or even a pnrase. The experienced S:. reported this encoding activity
more consistently than did the naive Ss, and, in general, the more
encoding reported, the better S appeared to do. It would appear,
therefore, that any account of the data should consider such encocding
activity. The Yencodability® of ths random letters on a slide, for
example, may be expected to increase as the number of letters on a
slide increases (there is a greater chance of finding « nigh frequency
sequence of letters), and this effect is counter to that expected from
load stress,

3. The constant, or near constant (slightly increasing), number
of letters correct as load increased suggests that Ss filter the
input they are exposed to and accept, on the average, only as much
as they can handle. The amount that the filter is set for may be a
function of the amount that can be "chunked”, and this, in turn, a
function of both the load and the experience of the Ss. Unfortunately,
the concept is theoretically useless for accounting For the present
data unless some independent messure can be obtzined of the number of
letters for which the filter was set for the various experimentsl
conditions.

13
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SECTION IV
CONCLUSTONS AND RECOMMENDATIONS
The results suggest that:

1. Increases in input stress do not produce breakdown in per-
formance on a short term memory task,

2, Decrsasing input information decreases the amount stored in
short term memory.

Consideration cf these results lead to the following important
hypotheses:

1. Breakdown in performance on a short-term memory task must
involve internal processing or output processing stresses.

2, Prediction of recall, for any but the simplest of tasks,
requires an understanding of the encoding and filtering activities
of the Ss.

It is generally assumed by those responsible for training and
human engineering in the design of high speed, man-operated systems
that the operator may be so overiocaded as a result of the speed and
amount of input that his performance will suffer and, with sufficient
input rate, may break do.a. For example, a radar observer, whether
a pilot, a receiver of alpha-numeric dats in amn air traffic control or
combat information center, or the receivir of rav radar returns at the
sensory end of such centers may receivs 80 much data 0 fast that he
may not only lag behind the input.; b mey be in danger of collapse as
s receiver., The present reshlts suggest that the input rate assumption
may lead to improper emphasis in training and design, that emphasis
may be put more effectively on problems of internal and output pro-
cessing stress in trainiag and design.

Before the implications of the presemt results can be put into
practice, mors must be knowm about the intemal and output processing
systems and about the means by which human operators filter and encode
data. Our analysis of the presmt study leads to a number of hypo-
theses in these regards vhich appear to define the critical needs for
further research, Thede can be expressed as follows:

1. In tasks involving high imput retes, operators will icpose
their own filtering on the input, accepting only as xuch as they can
handle consistent with task requiresents.

2. Tasks involving processing load stress will lead to a break-
down in operstor performance as input load stress is increased. The
characteris-ics of critical processing load tasks should be explored.

3. Breskdown in performancs may be delayed, reduced smd/or
eliminated by a) restructuring the task, b) training, c) appropriately
filtering the input. These procedures should be studied.

14
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4., Input information is usually assimilated in meaningful chunks
(as opposed to isolated elements)., The greater the opportunity and
ability to chunk, the greater the smount of information the operator
tan assimilate, and the moxre resistant he is to breakdown,

5. Whether filtering of input will reduce or eliminate breakdown
will dJdepend on whethevr or rnot chunks or isbdlated elements are filtered
out.

It is recommended that research be initiated tc test these
expectations,

135
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APPENDIX A

Table 1

NAVIRADEVCIN 1303.2

Summary of Analysis of Variance of Number of Letters

Correct per Slide for the Full Report
in Experiment I

Source df MS F
Between Subjects (S) 5
Within Subjects 594
Load (L) k) 17.584 3,124
Position (P) 4 317,561 26,150%*
Session (Se) 4 39.690 13,555%~
LxP 12 18,202 7.356W*
L x Se 12 3,798 1.086
P x Se 16 1.789 0.847
LxPx$8 48 4.168 1,692%*
Lx$S 15 5.628
PxS$ 20 12,144
Sex$ 20 2,928
LxPx$ 60 2.47%
LxSex$ 60 3,498
PxSex$ 80 2,112
LxPxS8x$ 240 2,483

w* p<D,01
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APPENDIX A
Table 2
Summary of Analysis of Variance of Nuzbor of Lstters

Correct per Slide for cthe Partial Report
In Experiment I

Source daf MS F
Between Subjects (S) 5
Within Subjects 354
Load (L) 3 82.892 14,053%*
Position (P) 2 57.570 7.294*
Session (Se) 4 14,802 3.887*
LxP 6 20.003 3.813%*
L x Se 12 4,903 1.294
P x Se 3 1,149 0.386
LxP xSe 24 4,629 1.450
LxS$ 19 5,898
PxS io 7.893
Sex$ 20 3.808
LxPx$ K 5.246
LxSexs$ 60 3,788
PxSex$ &0 2,981
LxPx8Sex$ 120 3.192
*p<0,03
**p<0,01
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APPENDIX A
Table 3
Summnary of Analysis of Variance of Number of Letcers

Correct per Slide for the Full Report vs, the
Pactial Report in Experiment I

Source df MS F ‘
Between Subjects (S) S '
Within Subjects 138 '
Load (L) 3 253,987 11,088%+ i
Report (R) 1 1400,000 47,310%* E
Position (P) 2 71,045 2,909 .
LxR 3 276,510 6.,417%* ’
LxP 6 45.587 2,781% H
RxP 2 573,345 8,494 !
LxRxP 6 102,338 50275k
LxS$ 15 22,905
Rx$S S 29,592
Px$S 10 24,424
LxRx$8 15 43,089
LxPx$ 30 16,39
RxPx$ 10 67,498
LxRxPx3$ K () 19.399
* p<0,0%
** p<G.01
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APPENDIX A
Table 4
An Illustration of the Balanced Latin Square Design

Used to Control for Practice and First Order
Sequential Effects

~Sessions
Subject ) 1 2 3 4 5 6
1 10+ 11 22 12 21 20
2%k 11 12 10 20 22 21
3 12 20 11 21 10 22
4a 20 21 12 22 11 10
5 21 22 20 10 12 11
6 22 10 21 11 20 12

* The first digit in sach cell repressnts the exposure time (in sec.)
and the sacond digit in each cell represents the number of blanks in-
serted per sequence.

** These two §s did mot complete all six experimental sessions.
Their dats were ssbesequently discarded,
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APPENDIX A
Table 5
Summary of Analysis of Variance of Total Number Correct

Sumeed over Five Slides in a Sequence
in Experiment II

Source af MS F
Between Subjects (S) 3 '
Within Subjects 92 :
Load (L) 3 17039.70 32.05%* '
Exposurs (E) 1 23343.70 4,91 :
Blank (B) 2 3723.85 22,730 i
LxE 3 877.63 3.5 \
LxB 6 1310.3) 8,95%% g
ExB 2 482,10 0.19 :
LxEx?B 6 255.30 1.16
LxS$ 9 531.60
Ex$ 3 4756.57
BxS 6 1615.55
LxBx$ 9 246,21
Lxbdx$ 18 146,48
ExBhx$s 6 2575.47
LxExBx3$ 18 219,64
** p <0,01
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APPENDIX A
Table 6
Analysis of Variance for Total Number Correct Summed

Across the Three Trials Within a Blank
Condition in Experiment III

Source df MS F

Betwcen Subjects 29
Length (le) 2 6596.61 6o 1547+
Subjects w, groups 27 1071.91

Withinu Subjects 330
Load (Lo) 3 1694.96 40,07 7%w
Le x Lo 6 138.01 3.263%
lox$ 81 42,29
Blank (B) 2 980.18 15,372%*
lexB 4 21.61 0.339
Bx$ 54 63.76
lox) 6 126,38 5.788%
lexlox}h 12 16.85 0.772
loxdix$ 162 21,83

¢ p<0.01
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APPENDIX C

Details of Preliminary Training
for Experiment III

In the first three sessions which lasted about 3/4 hour each,
Ss were run in groups of two and/or three when ever s-hedcling permit-
ted. The first session was divided into two equal time periods.
During the first period Ss were shown slidas of load 4. During the
second period Ss were shown slides of load 5. In both periods single
slides were exposed and then immedistely reported on via the IBM
caxrdpunch. Slides were exposed for 2 sec. and there was 4 sec. allowed
for each slide report. The second session was identical to the first
(the crder of slides within a load was randomly shuffled relative to
session) axcept that slides were only exposed for one second. In
each of the first two practice sessions Ss were shown and reported on
80-100 slides from each of loads &4 aud 5.

The third practice session first replicated session number two
with the order of slides vithin a load again randomly shuffled., Then,
Ss were shown a new series of slides which consisted of five slides
sach of loads 4 through 9, In this latter series of slides, the loads.
were kept in 5 slide blocks, the order of load presentation was
ascending, and slides were exposed one at a time (for 1 sec.) followed
immediutely by a 4 sec, report interval, This series of 30 slides was
then immediately replicated.
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