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g o5 : COMMAND AND CONTROL HUMAN FACTORS
e e, EXPERTMENTAL PROGRAM

Science Abplications, Inc.
Arlington, Va. 22209

~  ASSISTED BY

WORK UNIT NO. NR ' _ CONTRACT MDAS03-77-C-0119

OBJECTIVES

. .+. - To assess the utility of EEC mecasures as indicators of
cognitive workload in a military message sorting task:
(a) to determine how evoked notentials relate to experi-
mentally manipulated task difficulty, to speed and accuracy
of task performance, and to subjectively experienced cognitive
workload; and (b) to determine the discriminability of wave-
forms associated with low, medium and highstates of cognitive
workload, for future purposes of online modulation of workload
in man-machine systems.

o~

/
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/f' On the basis of on-site job analyses conducted at several
/'~ national military C3 centers, message sorting was identified

f as both a highly critical center function and as a man-machine

task amenable to future online biocybecrnetic applications.

Consequently, the exveriment reported here simulated a computer-

assisted message handling task and was designed to manipulate
\\\‘ the difficulty of that task in order to identify EEG correlates

of 1ow, medium and high task difficulty. —/J/;///
A \— . - e “-‘\-—-.‘—'f'—

————— o A Sy

Cognitive workload was éonceptualii&d and manipulated as a
- function of the number of decisions the human sorter was
required to make about the message in order to sort it
: correctly. :

Several ,pilot tests and resulting design modifications were
. completed before online LEG recording of subjects performing
the message sorting task could proceed. When EEG measurements

«
!

did not begin, they were measures of evoked potentials to
. statistically low probability auditory tones to which the
- subject had been instructed to attend. This 'secondary' task
. of attending to tones was designed as a measure of the
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residual cognitive capacity available to the subject at various
difficulty levels of the competing primary task of sorting

messages.

At each level of task difficulty, dependent measures included the

H
i
i
|

i behavioral sorting performance as well as the evoked potential
number of messages to be sorted were briefly displayed on a CRT,

one at a time. A response internal outlined/followed the message
Lj display, during which the subject could record his sorting decision
on a six by seven manual blank. EEG recording sampled the message
displayed interval and no tones were played through the sﬁbject's

earphones during the response interval. !

3 Several designs and design parameters were tested throughout the

year, due to unanticipated difficulty in the successful manipulation
of message sorting accuracy for low, high and medium difficulty

levels.

A Sors.

In the final desién which proved acceptable only the lowest and
highest levels of task difficulty were run, with the lowest level

Ao

requiring the subject to consider one message feature for its
correct sorting, and with the highest level requiring consideration %j
of those feétures. The features determined both the correct sorting :
k| division and the correct response for recording it on the six-
'bu;ton response device. Pilot data indicated large differences

in sorting accuracy between these two levels and online EEG record-

ing was added to this behavioral design to provide the complete . i
experiment. ' PR s s , . p

{ : ' PLANS FOR FUTURE

& . Data analysis procedures for interpreting the EEG data and relating .
them to behavioral data (i.e., message sorting accuracy) are under B
1. development. That accomplishment will constitute the final phase
of the biocybernetics experiment. Visual inspection of the EEG




aata, however, reveals discernable differences between evoked
potentials recorded at the highest and lowest levels of task
difficulty, in terms of the latency and magnitude of the wave-

forms.
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Overall Purpose and Oriaginal Design of Experiment

The purpose of the experiment was to examine the
utility of EEG mecasures as correlates of cognitive workload
in a message sorting task. In this experiment, cognitive
workload was operationally defined in terms of the information-
processing load (IPL) imposed on the message sorter. IPL
was conceptualized and manipulated as a function of objective
characteristics of the message sorting task, in particular
as a function of the number of discréag decisions the sorter
was required to make about the message in order to sort it
correctly.

Accordingly, an experimental task was designed
in which the subject was required to sort a set of messages,
under different sets of decision rules which ranged in IPL
requirements from low to medium to high. Once these objective
IPL manipulations had been checked both in terms of the sub-
jective difficulty experienced by subjects and in terms of
actual effects on message sorting performance, the search
for possible EEG correlates of subjectively experienced
cognitive workload could proceed.

This report summerizes SAl's progress in performing
the biocybernetics message sorting experiment, recounting
our experience with several pilot tests and resulting research
design modifications,and culminating in the results of our :
online EEG recording as subjects performed the finalized
message sorting task.
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Original Design

The S was required to roleplay as a message sorter
in a civil defense office. His/her task was to examine the
"from" line in each message header (see Appendix for sample
messages) and to make one, two or three discre€t decisions
about the source of the message, according to predefined
message sorting rules in which § had been pre-traincd. IPL
levels (low, medium, high) were thereby defined in terms of
the number of deéisions (one, two, three) S would have to

make about the message source, in order to sort the message
correctly. [5:€ SAmmne MBS ACES; ',;/,,,e. /,)

Given this objective manipulation of IPL, it was
expected that sorting omissions and errors would increase
as the task became progressively more difficult. Initial
research focused on a manipulation check of the objective
IPL requirements of the message sorting task. Specifically,
did objective manipulations of IPL yield evidence of increasecd
task difficulty in terms of actual message sorting behavior
(i.e., sorting omissions and errors)? A second check on
successful-manipulation of task difficulty involved the
analysis of reaction time to a sccondary task. It was
expected that progressive increases in objective task diffi-
culty would lead to progressive increases in secondary task
RT, if the subjective experience of message sorting task
difficulty had also been successfully manipulated.

If pretests failed to confirm successful IPL mani-
pulation, the méssage sorting task would be revised until a
successful manipulation had been achieved.

At that point, EEG recording would replace RT as
potential indicator of subjectively experienced cognitive
workload. EEG mecasurements would be made of evoked potentials
(EPs) to "rare " auti«ft‘r/ Yones fo whiek S- was et ewd e lSo-

Yol

T —————

me—eveesmmmm———————————— L




P T T R T T

TILL s MULLL LN S dan !
FROMS CALYEGRIN A THERGY COMMISSI0N
COtMI SGIOUER RATCHEORN
JO0 ¢ UR)
E NATED 1449 .
SURJECT ! REFRIGERATOR CRUKRGY STERDNARLS k
THE CALIFORNIA CHCRGY COMMISQICH ANNCUNCTD TOBAY THAT
THO HAJOR NATYONAL MANUTACTURERS HAVE VOLUNTARILY AROPTEN
THE CEC’S REFRIGERATOR ERERGY STANDORDS,
ROTH FHILCO AN BESTINGHOUSE PLAN TO BREGIN PRONUCTYON
OF THE NEW MODBELS WHICH COMCLY WITH THE COINISSIONS STANINEDS
NEXT JARUARY.  INITYAL BISTRIGUTYON OF THESE MODELS WILL RE
PILOT TESTER IN SELECTED NARKEYS IN PERNSYLVANYA ANt NEW YORK.$$
001 -
PR ] .
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RULLETIN 002 |
REFS! RULLETIN $374 ;
FROM: U.S. MARINE FISHERIES SERVICE, WASH DC/ |
ANFO MIRECTORATE : .
TO ¢ US GRIMY CORPS OF ENGINECRS: UPI :
DATE! NOV 11, 1976 ok . ,
TINE: 1053 e, 7 R Wiy ,
SURJECT! LaAN ON PORPOISE KXLLS : . . 4 . 5
y @ NON ON KYLLYNG OF PORFOISES RY U.8. TUNA FYISHERMAN OR :
AS A RYFRODUCT OF ENUTRONMINTAL ALTERATIONS FOR FLOOR CONTROL
OR OTHRER FURPOSES WAS aGBUOURCED YERTEANAY BY THE NATYONAL HARING
FISHERIES SERVICC. © THE BAN UXLL LAST UNTIL THE YEAR‘S CNDh. A
QUOTA OF 78,000 DEAD PORPQLISES WAS SET FOR THIS YEAR.$¢
3100 e
4 :h‘:‘ikﬁ :
NULLETIN £003 - : . :
REFS! RULLETIN 380,347 O R
. FROM! MARYLAND DNEFT OF NATURAL RESQURCES/ g .
" SEC’Y MILLER LTy Vg A iy e
TO & US ARMY CORES OF ENGINECRSUPY e .
. DATES SEFT 14:1976 . BN
E . TIME!: 1304 . : o ,
SURJECT: OFFOSITION TO FEDERAL REGULATION OF YOAGHIQGHENY RIVER
STRUGNG OFPOSITION TO THE CORPS’ PROFOSED LAND FRESERUVATION RO |
HAS LBEEN EXPRESSEDN BY AN Al HOC LAMDGUNERSY ASSOCIATION YO THE han
DEFT OF NATURAL RESOURCES. : )
THE FRINARY SOQURCE OF OPPOSITION TS THE LIMITATION QN nREVELOS
OF FRIVATE LAND ALONG THE RIVER.  THE HOSTILITY OF THE LANDNOWNEAS ‘
GROUP RAS EXTENDED VO RUNNING SYATE AND FEDRCRAL OFFICIALS OFF THEI: | |
AND TO DENYING THE FURLIC ACCESS TO THE RIVER.$$ ’ ?
101 : !
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The decision rules originally used to develop three progressively dif-

ficult levels for the message sorfing task are explained below:

Level I message sorting rules required § to decide whether the source of

the nessage was from within a defined six state area (intra-regional) or

Araom without (extra -regional). During the Level I scssion of the experi-
ment (approximately 20 minutes) , S§ made the intra-regional/extra-regiongl
decision for each nessage presented.

Ievel II message sorting rules required S to make a second decision about
the message sourco,in addifion to the regional decisi.on, S has to decide
whether the source was a gover_nment body (whether municipal, county, state :
or federal) or a nongovernment body. This §essim1 also ran approximately i

20 minutes.

Finally, Level III message sorting rules, designed to impose the largest
IPL on S required that § make the two preceding decisions and a third de-
cision——whether or not an individual's name was listed for the sowrce or
simply an organization, agency or other group. This lLevel 111 session ran
20 minutes.

t  For each level, dependent measures were taken in the same way. Messages
were displayed on a CRT and came up one at a time for the subject's review.
Each message war displayed exactly 15 seconds, after which it was removed
fram the screen. Another message did not replace it for § seconds. During
the 15-second message display interval, § had to make and . vetain his/her
decision_fs), but could not record it until the 15 seconds had elapsed and
the message had disappeared from the screen. His/her opportunity to record
one, two or three decisions came during the S-second response interval

which separated the presentation of one message from another. 5

for recording his/her decisions the subject was supplied with a special 0 ﬂ
keyboard on which six separate keys réepresented the binary choices (one, ‘
two or three of them) (s)he had to make for each decision task. § was told
that responses registered outside of the specified S-second interval would :
not be recorded. Responses were made with the right hand. (In a pre-experi- 3
mental training session S was fully familiarized with these procedures and 3
brought up to a criterion performance level.)
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As a secondary task, S was presented vith rare awditory tones randamly
presented during the 15-second message display interval. Rare and {re-
quen f tones were presented during the interval ar ! the subject was askad
to respond to only the rare tones by pressing a button held with his left
hand. Each button press recorded time in milliso\yands between rare tone

presentation and the subject's response to it.

INSERT DIAGRAM { 2

Ss were individually run in 85 minute experimental sessions, during
which the IPL was waried to four different levels (a baseline IPL level
where anly the secondary task is run, level 1, level IT and level II11)
with a brief rest between levels. The order of the IFL levels presented

; . - was counter balanced within and hotween
subjects.

Resulting data shoved that IPL had not boen successfully manipulated with
the three message sorting levels. § performance did not show a graduated
deterioration irom Level I to Level 1IX. Performance data on the primary
task showed siight but insignificant increases fram lLevel I to level 111,
but an inordinately high error rate on the level II task. (sue “D:,‘l_f:)‘_nfz?f’f'\ Is7 D:-Jt{” )

Reaction time to the secondary task showed a very slight increg_‘g} g;‘ilum
level to level, with a wide range per level across subjects.

It was concluded that the three levels of message sorting task difficultj
wauld have to be redesigned, so that the levels were more discriminable in
terms of primary task error rate and reaction time on the secondary task.

Furthemore, the, large error rate associated with primuy task perfor-
mance at Level II was interpreted as a consequence of the ambiguous nature
of the dedision task required at that level. Specifically, whereas the intra/
extra regional decision and the person/office decision could be correctly
made on the basis of information provided within the experimental task; the
government/private decision required pre-experimental knowledge of govern-
mental and private organizationa usad as message sources. The nature of the
decision to be made at Level II thereby required more interpretation and
Perhaps quessing that did the more objective decisions of Levels I and III.
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It was concluded that the Level II decision would either have to be replaced
or controlled for level of ambiguity, on the basis of general public aware-
ness of organizations as governmental or public.

First, an attempt was made to replace the government/private decision

with a substitute decision task more similar in nature to the objective de-

_ cisions required at Levels I and III. fhe new decision task re:uired § to

dctermine whether each message's three-digit reference number fell above or
below a criterion nunber. This new decision task was simply substituted for
the government/private decision, and the rest of the design reé\ni_ned un-
changed.

Results did indeed ¢how a reduced error rate for the second decision
task. However, another problem cnerged. All threc levels (I , II and I1I)
of difficult showed virtually no errors, even when the time frames for
message presentation and for the response interval were drastically re-
duced. (The message-display interval :as shortened tc 7 seconds, with the
last three reserved for recording responses.) Shortening these intervals
even nore would seriously interfere with our ability to present a suffi-
cient number of rare tones to evoke and sampe adxquately the EEG camponent
under study.

In a third.design, all three levels were changed, using a Stemberg-
type paradigm. Subjects were to determine whether the message source did
or did not belong to an identified set of organizations. The difficulty
of their decision was increased from level to level by increasing the
nurber of organizations within the identified set. Time paramcters in-
volved a 4-second message display, fol lowed by a blanking of the screen
and a 3-second response interval. Thus, at Level I there were 4 organizations,
8 at Level II and 16 at Level III.

This design was also abandoned when resulting data fai led to show a
graduated increase in performance errors and reaction time was shown not
to be related to task difficulty.

——




Recommendations Which Led to Design IV

1. Manipulation of IPL Using Cumulative Responses.

It was hypothesized that better manipulation of workload might
be achieved by establishing infendependence between responses. Under
such a design, three decision tasks (inside/outside the region, above/
below a criterion message number, form an individual/office) would
still be made by the subject, buf (s)he would no longer record them
separately. Instead, decisions at all three levels would be registered with
one response. Thus at the second level, four responses would be possible,
given two possible responses to the two required decisions. Slmllarly,
the third level would imply eight different responses, related t?all
possible combinations of the three decision tasks.

2. Manipulation of IPL Using Logical Operations.

Another possibility considered involved requiring the message
sorter to perform logical and/or operations, as (s)he determines
from his/her knowledge of the primary addresee who should be the
secondary addressce(s). Messages would have to be edited to include
the following pri_nary addressees:

(A) Red Crosy
(B) UP1

(C) ¢peC

(D) HEW

(E) Whitez House
(F) AP
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Decisions rules would be given to the message sorter with
which to determine the appropriate secondary addressee
by looking at the message "to" line (primary addressee).

| 1) NIH
| 2) INTERIOR DEPT.
3) DobD
4) HULD
5) FEA
6) EPA

Decision rules vary with each level and increase in
difficulty from Level I to Level III:

|
1 LEVEL I’ e ey
3j If A, Then 1 o -
| o L
L
o ML
b T
\ o
‘{ LEVFTL I
} : If A and B, then 6
1 “*Band C, * 5
1 Scewmdn, " ¢
| *Dand E, " 3
*Eand F, " 2
*"Fand a, " 1
LEVEL III i
) If not A and not B, then 1 g j
i ’ "~ B " c, " 9
| SR O, e TUNS
% L D = E, it !
! . L] E “ F' L] 5
" F n A, " 6
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3. Manipulation of IPL using Ambiguous Information.

The message sorter would be required to make only one
decision (gov't, nongov't), but the information with which he
is to make it would vary in ambiguity.

Decisional ambiguity would rely on the degrec of commonality
of a variety of government agency acronyms. Subjects would be

biven a time-limited multiple-choice task of deciphering a set of -

- government agency acronyms to establish levels of ambiguity. To
facilitate data collection and analysis, this testing would be
done at a terminal with a simple keyboard response required.

4 NMDS

(leave blank)
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awvessful Designs I, IT and 11T

The identification of EEG correlates of cognitive
toad in a message sorting task requires an experimental

vyt in which pretesting has confirmed successful manipula-

.+ ol 1PL requirements composced by the experimental message-

ingy task. Several attempts to manipulate cognitive work-

in this mannci have been undertaken, and the most recent
g most closely approaches the desired manipulation. This
~t will briefly summarize the experimental designs tested
sate and will present in greater detail the current design

a slight modification which will be undertaken to increase
awcceptability.

" The unsuccessful designs varied in several ways but
aimilar in their purpose of imposing incremental decision
: on the subject. For example, the first dgsign required
mcssage sorter to make one, two or three decisions about
~cssage sources, depending on the level of the experimen

Y

o
o))
’.—l

Y

a2 -- Levels I, II and III, xespectively. Responses werce
-2d separately by the subject for each decision task at
~2vel. The message-display interval was 20 seconds, the

-ive of which were allowed for response recording. As with
:zigns which will be described in this report, the goal
> 2esign the task so that subject performance would cecline
iraduated fashion from Level I to Level II to Level III.

* indicated minimal error rates at Levels I and III, with
7 for rate (approximately 30%) for many subjects for the
“ncision task (i.e., whether the messages source was a

“~nt" or "nongovernmental" organization).

It was félt that the government/nongovernment decision
‘7o been ambiguous to some subjects, depending on their
“imental level of familiarity with the organizations

‘'he experimental messages as sources. In the second
‘herefore, a more straight-forward decision task was

e i

\_..-!“," A ovi i I A o
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f“ gubstituted (i.e., whether the

~ %y

whree-digit message reference

=" pumber fell above or belew a criterion number). Results did

rate for the second decision task.
Mowever, another »roblen exerged.

indced show a reduced error

All three levels (I, X, III)
of difficulty showed virtually o errors, ceven when the time
frames for message bresentation and for the response interval
were drastically reduced. [The message-display interval was
shortened to 7 seconds, with the last three reserved for record-
ing responses.) Shortening these intervals even more would
seriously interfere with our ability to present a sufficient
number of rare tones to evoke and sample adcquatclx the EEG
component under gtudy.

The third design involved, a Sternberg-type paradigm,
éubjecté were to determine whether the ressage source did or
did not belong to an identified set of organizations. The

difficulty of their decision was increased from level to level
~ by increasing the nuPber of organizations within the identified
“.set. Time parameters involved a 4-second message display,
‘followed by a blanking of the screen and a 3-second response
interval. Thus, at Level I there were 4 organizations, 8 at
Level II, and 16 at Level III. Once again, a graduated error

rate could not be obtained from Level I through IIXI,

-~ : .
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Pretesting Message source names

Previous data indicated some ambiguity in the stimulus
materials. Objective measures of performance and subjects' verbal
reactions after the experiment revealed unegual level of faviliarity [
withlbrganization names. To control for this pre-experimental source
of variance a questionaire was administered to nine subjects (see

Appendix __ 0. Little ambiguity had been associated with the
person/office decision, so the questicnaire dealtl only with the
'government/nongovernment decision (previously found to be ambiguous)
and with the new health-related/not health related decision.

The ambiguity questionaire identified 192 unambiguous names
as message sources for each of three sepérate message files in the 7,
level two response category (gov't/nongovernment; health/nonhealth).
Within each response category (gov't/health, private/health, gov't/
nonhealth, private/nonhealth), elimination proceeded backwards from
items with the highest number of subject errors until two criteria
were acheived: g
1) the category contained 16 sources, for each message file, and |
2). no souarce had a higher error rate than ?/9 (subjects).
Both goals were successfully reached for all £oru categories.
Occurance of person or office for the level II sorting task was

randomized w:Lth each file. (SEC ATEMED  spunCesS QUESTRYNATEE AWD
LIST OF AOeP7ABLE  Sewice> :

Design IV : e, 7 ' ) |
' The final behav1oral design has proven acceptable. In this experi-

ment, the subject must also make category decisions about the
message source, but the three levels involve an increase in the
number of "features" of the source which must be considered to
correctly sort the message. The task also requires the subject
to "map" his response back to one of two response buttons, no
matter what the level of the experiment. The message~display
interval was 4 seconds and 2 seconds were allowed for responding,

At Level I, he makes a "government/private" decision |
. about the nature of the sources (Organizations used as sourccs o

!
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DESIGN IV
RESPONSE MAPPING

RULES
‘Government/Private
Health/llot Health
Person/Office

Leve) I

GC=1
P = IX

" Level II ~ Level III
o GHP = I
. CGHO = II
i GNHP = II
- oo GNHO = I

PHP = II
PHO = I
PNIP = I

PRIO = IX
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have been pretested and ambiguous items were eliminated.) Each

- decision alternative is mapped to one of the two response buttons. {

At Level II, a second decision task is added to the {
first, but unlike the previously described design, the decision {

tasks are not independent. That is, the results of the second
decision task ("health-related"/"not health-related") are
accumulated with the government/private decision to yield four
decision alternatives. (These "health-related/non health-related"
decisions about messages sources were aiso pretested to elihinaté
ambiguous organizations.) Mapping rules to the two response
buttons are such that in all four cases both features of the

source must be considered for correct mapping.

Finally, the third level accumulates a third decision

task (whether an individual's name is presented on the second

message source line, office/department, division or other organi-
zational group is presented -~ a "person/office" decision), and

response mapping requires correct understanding of three source
features. o : ;

Results indicated a gradual increase in erxror rate £xom Level I
to Level II to Level III (reaction time in the secondary rare tone
fecognition task described in design I proved less related to the
objective'manipulation of workload than did error rate in the primary
task). Graduation in error rate accelerates much more quickly
betewwn Level I and I1; (Level I; x = 4.00; sd - 2.00, Level II:

X = 9.00; sd = 10.72; Level III: x =21.20; sd = 5.63).

For this reason, a Level II modification was explored in an
attempt to find a more intermediate level of task difficulty. Two
modifications of the original Level II were tested. In the first,
(IIA), all government organizations are immediately categorized on
on feature, but private organizations are categorized in terms of
three dimensions (health/nonhealth; person/office). In the second
modification, (IIB) government sources are sorted on two features
(health, nonhealth) and private sources are sorted on three.

L
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- AMfter practice, Ss showed a mean froquency of erroncous sorts of 10.00 | !
for level 1IA, 16,75 for Level IIB and 24.25 for Level 111. With the pre-
vious mean error frequency of 4.00 for Level 1, Ievel I1B scomed the
best representation of a sorting task of intermediate difficulty, and
that task was sclected for Level IT sorting and response mapping.
Further experimentation using the above three level desinly
T, IIB and I1J) confirmed a graduated increase in task difficulty
(Level I: X = 3.40; Level II: x = 13.60; Level III: X = 21.67),
hochcr a large SD value was noted with Level II (SD = 9.81). 1In
(¥ addition, rcaction time to unusual tones in the secondary task did
not correlate with work load increase in the primary task, (x = 478.14 ]
for Level I, x = 428.35 for Level II, X% = 453.95 for Level I1I).
The experiment that proceeded included only Levels I and III.
1 ONly one type tone was presented to the subject and reaction time

was measurcd in response to that tone alone. Results indicated a
large increcase in error rate from Level T and Level III (1: x = 7.20;
IXI: x = 20.20) but again reaction time did not hold up as a

subjective indicator of workload (I: % = 579.47 m scc.; sd = 24.17,
IXI X = 680.13 msec. ; sd = 42.96).

1, suhmary, it appears that the talls of pressing a button in
esponse to a tone does not interfere with the primary sorting task.
A task based on a simple motor response to precategorical information

-

(tonou) does not share cnough similarity with the more cognitive

sorting task to be 1n£luoncc by the difficulty level of the latter.
It is our prediction that if the secondary task was made harder it
might better reflect the subjective difficulty of the primary task.

Appended data ‘for Experiment #B09 reflect behavioral responses (pﬁ&mary
and secondary task) to the finalized experimental task in which Levels I and
II only were run, and in whilh EEG daté were collected during the subjects
task performance. Data analysis procelures f@rizi“nterprcting the EEG Jdata
ana relating them to behavioral data are currently under develop-
ment. That step will constitute the final phase of the biocybernctics
experiment. Visual inspection of the EEG data indicates that waveforma
will differ in latency and magnitued when EPs to tones presented
during Level I and Level III task arc analyzed.
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AMBIGUITY QUESTIONNAIRE
on
MESSAGE SOURCES

To identify 64 unambiguous organization names

|
!
|
}
;
a

PURPOSE:
as message sources for cach message file;

- identify 8 unambiguous sources for each possible

conbination of the three source features, per
file; 5 .

- eliminate ambiguity of government/private and
of health/non health decision tasks;

- randomize occurrence of person/office feature
with each file.
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For cach organization, plecase make two

decisions: 1) whether it is a government B
organization or a private onc, and 2)

whether it is health-related or not health-
related. Indicate government or private §d
by circling "G" or "P" immediately to the

right of cach organization neme. Similaxly,
indicate health-related or not health-
xelated by circling "H" ox "NH" next to

the right margin of each page. Exmaples
are provided below. : g
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for all 100 :

spend a

.Txy to complete this task
organizations, but do not great
dq§1 of time trying to make the required
decisions.

Thank you for .your coopceration.
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pPittsburgh Health Department
* Rorld Future Socicty &
Center for Discase Control i
Tennessee Valley Authority .
Encrgy hcsqarch and Development Agenéy
" American Civil Liberties Union
National Association for Mental Health
“Nationaﬁ Easter Seal Society for

@ P @ NH
G 0 H @
© » @ nu

5l r m @
@ . P up

G H (n)
G @ ) N

ol .
: Crippled Children and ARdéults : G @ : @ NH
‘Surgeon General's Office X @ 5 @ NH
President's Committee on Mental
.Retardation @ (W i

National Association of Broadcasters

¢ (@ .

House Armed Services Committee @ P H @

Rational Society for the Prevention

o 65 N

of Blindness G
: g . " / j D /<‘ LS
National Center for.Health Statistics = (G- P (l/Q RH
American Hospital Association G CfQ @) N
#Y, 2 §
Senate Subcommittee on Health G/ Y e Nl
HEW Office for the }u.xm.tca':p d @ 2 (!9 NH

* Corcorno Gallty of AxT

Miami Bo\l,tol u_r Clubs

Um.ted Statcs Information Agency
' Un;versxty of Pcnncylvanla :

Xzaak waftd ague 3 ¢ (®) un @
g " American Lo(‘lcal Association B G 6’\ @ N4
. Small Business Administration . @ P 1 N‘U3
- g To ™o - - . by
Depgﬁgmagifg;qh-alth Education & » @ e
Massachusetts Department of Health . @ P Ni
Miami State Weather Bureau @ P H @

. Educational Testing Service :
. WYRE News Agency it s I
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*.. Sage Publishing Company . AR

: ,uustlce D;partmont : . - N

" Brookings Institution « vle 8

National Injury Information > : :

Clcarxinghouse /i

é'cna(c Subcommittee on AlcohoJ ism C(? : 6\7

. and Narcotics ; P / NH
A"Q(CO"\M(, I"v\riluﬂ = c o @ P H l@

* National Association of the Deaf . . B G’? Q/l> RH
. National Education Association : G 6 H @)

‘League of Women Voters t ; 8 B OB &

. Pentagon St Ok gl B

" *American Speech and Hearing ~ @

' Association N . NH
Federation of American Hospitals G : @ NH
Fourth Circuit Court of Appcals @ k- @
Public Citizen Kealth Mt i -

. Rescaxch Group e : G. (P @ NH
_func:;_i.can}?hysical Therapy Association G OB
Rational Library of Medicine @ P @ NH .

) . C . .

NEW Office of Maternal and : :

.. Child Health i @ r 0 NN
, Senatc Veteran' ffairs Committee ﬁ‘» P ,@Q/fiS .
Environmental Protection Agency @ P H. @

Wilderness Society b g R e

Natlonal Councxl on Alcoholism

Cryogenlcs, Inc. : Feogte MG

HUD Lecad-Based Paint Fa?drd f

“ Elimination Program g1 RO T

Alcoholics Anonymous G

Amcrican Psychiatric Association G

Consumer Action for Improved : WEN -

3 Food and Drugs B @ NH
V=i : _

Defense Int.ella.gcnce Agency wE @ H \H

National Eye Institute, NIH @ @ nu

no @

fryre




- Alcohol, Drug Abuse and Mental
Ncalth Administration

Jouse Subcommittee on iliecalth and
the anxronrﬂnt k

.
-
*%

Gcorgctoxn University Monitoring
station . :

Sociecty for Wildlifc Preservation

©

) s

c@
Animal and Plant MHealth and :<ii>
(©

G

1nspocblon Service

Natlonal Heart and Lung Inatltute,
¥ NIH

. hmcrican Harketin Association
g

e Planncd Parenthood ) G .CE? (ﬁ> NH

) SL. Mary's Hospital, Philﬁdelphia | G (? & &
; ho&ard University f St i U G, é> _ “\ N“ ki
' 'Unltcd Mine Workers SRy R Yo 8 (::>

U.S. Naval Acadeny 2 : _-' (E;> I’ . _
Actlon for Children's Television G (ﬁ " (%%52 !
. Food and Druyg Administration > (G
" Washington Yost . ‘ (‘;ﬂ

Supxeme Court L v G

; éeorgcto ' University YMealth 7S N :
X 3 Malntenance Organization ' /E‘ ¥ Cp NH
© .. National Institute of Dental Resecarch LE;> 0 W
G

. Congressicnal Joint Atomic Energy
Commission
Epllep sy Foundation c; America
* Ty Peaeral Communications Commission F P_ H Cgﬁ‘
. Blue Cross Association : nH
Veterans Administration & Cf>
: "Senate Subcor mittee on Health of : Cj)
i oy the Fldurly
‘National Organlzatlon of Women .G
Screen Actors Guild G
@
G

.Defens Nuclear Agency

. American Heart Association
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. National Necalth Federation
Rational Institute for Drug Abuse G
National Institutes for Health '
Kaiser Nealth Foundation G
Group licalth Association of America .G
o U,S.',C_oast Guard . e 5 (G'/)
pPittsburgh State Health Office G
G

Comnnerce Department

; L 5 . . " M'.‘ -

- . Mayo Clinic o e (19 B =t

: 3 i Yl ¥ g
Depaxtment of the Navy : 9“.‘ / X" (NE

‘  sierra Club* .- M *-:‘__'% ,}’7 : H

Lidbor Department B oo s NI S : -4
Natio’q_ai Science Foundation R T G% . B 6“/}0
6
G

* - Ar¥my Research Office d ‘ .
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" Administration i é) A @ N
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gt
2.
3.
4.

6.
7.
8.
9.
0.
By 5
e
13,
14,
15.
16.

Alcoholics Anonymous

Ameriéan Medical Association

Public Citizen Health Research Group
American Physical Therapy Association
Blue Cross Association

Kaiser Health Foundation

Mayo Clinic

American Psychiatric Association

American Speech and Hearing Association

Geoxgctown University Health Maintenance Organization

Federation of American Hospitals

Group llealth Association of America
Anmerican Cancer Society

Anmerican Heart Association

Epilepsy Foundation of America

St. Mary's Hospital, Philadelphia




GOVERNMENT/HEALTH
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i2.
a3,
14,
15,

16.

17.

Nationhl Institutes for Health

National Library of Medicine

Department of Health, Education and Welfare
Massachusetts Department of Health

Center for Disecase Control

National Institute for Dental Research
Senate Subcommittee on Health

House Subcommittece on Health and t{he Environment

'HEW Office for the Handicapped

_President's Committee on Mental Retarcdation,

Surgeon General's Office

Food and Drug Administration

Alcohol, Drug Abuse and Mental Health Association
HEW Rehabilitation Services Administration

Senate Subcommittee on Alcoholism and Narcotics
HEW Office of Maternal and Child Health

HUD Lead-Based Paint Hazard Elimination Program
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GOVERNMEN'T/NOT HEALYTH




3.
12,
13.
14.
15.
16.

Pentagon - ‘

Justice Department

Supreme Court

Labor Department

Commerce Départment

Fourth Circuit Court of Appeals
Agriculture Department

U.S. Naval Acadenmy

House Armed Services Committee

Defense Intelligence Agency

U.S. Coast Guard 4

Department of the Navy

Army Research Office

Federal Comﬁﬁnicatiéns Commission
United States Information Aéency

Enerqy Rescarch and Development Agency
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PRIVATE/NOT HEALTH




1.
2.

Corcoran Gallery of Art

WYRE News Agency

Miami Boatowners Clubs

Society for Wildlife Preservation
Amcrican Marketing Association
Washington Yost

Sage Publishing Company

Sicrra Club

Jzaak Walton League

National Organization of Wonen
National Association of Broadcasters
American Civil Libertics Union
Harvard University

Educational Testing Service

United Mine Workers

League of Women Voters
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SAMPLE DATA FROM TWO SUBJECTS

MEAN REACTION TIME (MSEC)

Subject 8
Level X
IX
III

Subject 9
Level I
IX
III

INCORRECT RESPONSES

Subject 8

Level I
: IX
III
Subject 9
‘Level I
IX
IIX

Day 1 - Day 2 Day 3
752 "726 733
7717 738 756
767 745 757
699 688 648
724 656 - 644
st 692 658

2e)=2 4--0-0 3-1-D

2-15-3 4-15-2 §~22-5

6-21-7 5-25~4 3=25~17

0-0-0 0-0-0 2=U=1

1-20-1 0-25-0 2=3=0

2-8-1

o it

F B3
4-25-59
4-26-7

1-1-0

b o et |

641
653
643

—— ——— e ep—
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PERCENTAGE INCO]‘J_R_I.-I_(?'J‘ RESPONSES
LEVEL I
Mean Ranoe
Response 1 1.6 g - 3.1 Intra/Extra
Response 2 3.7 0 - 2.2 Gov't/Private
Response 3 X3 0 -~ 3.4 Individual/Office
LEVEL II
Mean Range NiER ey !
Response 1 1.8 | 0 ~- 7.3 Intra/Extra g
_Response 2 33 11 - 44 Gov't/Private ;
Response 3 3.9 8 - 33 Individual /Office f
i
' i
LEVEL III ;
Mean Ranae :
Response 1 4.6 0 - 15 Intra/Extra . :
Response 2 33 1.4 - 45 Gov't/Private ;
Response 3 T 7 1.4 - 45 Individual /Office ?
it
o
|

- L
g L4 Q. .
T TR N o R
P iy
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MEAN REACTION TIME
Mean Range
LEVEL I 680 623 - 752
LEVEL IIX 688 643 - 777
LEVEL III 73). 637 - 767
) ] 1
|
!
: |
’ |
|
s f
\
}
-
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i (Week of June 20) PRIMARY TASK
f (Crroxs) ' :
FIRST SLSSION :
l/ LOVLL_ T o aruey yys LEVEY, TTLs
i $ in $ in $ in
1t Subject |$Errors Zrror SErrors _ Trror fnyroxs __Error
o i
' 0029 3 4.7% 10 15.7¢ || 28 43.8%
I 0030| 2 3.1% 5 7.8% 26 40.6%
0031| O 0.00% 2 3.1% 38 59.4%
“‘l 0032| 4 6.2% - - -- -
1 0033] 13 20.3% 19 | 29.7% 40 62.58%
0034 3 4.7% 16 25.08% 27 42.2%
0037 6 9.4% 37 57.9% 34 53.1%
0038 4 6.2% 8 12.5% 29 45.3¢
X =| 4.38 13.86 31.71
e T 11.80 5.62
‘ SECOXD SESSIORN
, 0029 | - - - - - -
A 0030 | - " R e 17 26.6%
, 0031 | - - - - - -
1 0032 | - - 4 6.3% 16 25.0%
1 0033 | 6 9.43 6 9.43 23 35.9%
: | 0034 | - - - ~ - =
| 0037 | 4 6.2% 28 43.8% 30 46.8%
1 0038 | 2 3.1% 5 7.8% 20 31.3%
x=| 4.00 9.00 [ 21.20 |
s.d.=| 2.00 10.72 . 5.63 |
| ¥ i
‘ *Level I - Sort on one feature
& " II - Sort on two features .
| " III - Sort on three features : ‘ '_ o ‘ . “
, - ' »
' ) ! X = Mean y

b | 6.d.= Standard Deviation
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(weex of June 20)

SECONDARY TAS!

(Reaction win b)a
FINST SESSION .
BVEL I T OLEVEL LY LEVEL TII
: Mean BT  sMigges f1e@n RT  iyigges 080 RT wpicoes
Subject on _hits on_niis on_hits
gt
0029 313.93 15 334.386 14 283.93 15
0030 355.70 13 431.25 13 541.00 17
0031 413.10 12 382.30 15 461.58 14
0032 258.00 14 - - - -
0033 431.50 13 3%4.77 11 444.08 12
0034 434.42 13 502.22 17 515.30 15
0037 591.40 15 632.14 17 633.89 16
0038 479.53 13 655.290 12 363.60 15
X =| <09.70 476.11 463.34
s.é.7 102.88 805.65 135.71
neéian1 422,30 131.25 461.58
SECOND SESSIo
0029 - = e - L Lo -—‘-—
0030 - - 455,42 12 524.27 11
G031 - - - - S S
0032 - - 424.9 13 330.64 14
0033 299. 54 13 349.70 13 264.62 16
0037 | £65.66 12 458.08 12 479.50 12
0033 303.30 16 570.10 12 391.10 14
X =| 356.17 451.64 398.03
s.&.= 94.84 79.36 106.02
nediand 303.30 455.42 391.10

*Reaction time collected on resgonse to salient tone recorded
with button held in left hand.

gy




ATTEMPTS TO FIKRD
A MORE INTERMEDIATE LEVZL
OF TASK DIFFICULTY
AS REFLECTED IN
MESSAGE SORTING
XERRORS

- Tests on Levels I, and IIg




rrors)
FIRST S:6S100

P g e e S

3 LEVEL T Luvsy, 1% LUVEL_IXY 1

... S P AR B 11
(Junce 29,30, July 1) PRIMARY TASK , F

$ in $ in $ in 1 i1
subject |IBrrors Error {!Errors Error fvrrors  Error (1

3 (4

0039 | 22 34.4% 28 43.8% 32 50.0%
, 0040 25 39.1% I 28 43.8% 27 42.9%
{ 0041 | 18 28.1% 17 26.6% 18 28.1%
L 0042 | 25 40.6% 24 37.5% 33 51.6% r

X = 22.50 24.25 27.50

's.d.’.:' 3032 5-20 6.8(’
|

SECOND S=ZSSION

© 0039 9.4% 8 12.5% 14 '21.9%
0040 | 4 6.3% 24 37.5% 25 39.1%
{ 0041 9.4% 8 12.5% 24 37.5%

o ao

T —




R e

(Jung 29,30, July 1) SECOIDARY TASK

(Reaction Time)
FIRST SESSION : |
' LEVEL_T L.OVRL, IX LIURT, YT .

o e e

Yean RT Mean RT

tiean T EN

B > bl e A 35 Y : ys88es
Subgectn n Wite HIISSCS Ty selisse o hike b
¥ false “al S Ea ‘
B £ [iesd ) u
l | = | {
;, 0039 673.00 7 :23 699.67 2 342 705.75 0|21 f
Lk 0040 368.00 |43 127 || 316.50 |42 '13 ) 175.60 | 39115
g 0041 | 000.0% |00 !25 000.0% 1 :25 000.0% 0)25 ;
E; 0042| s39.20 | 0 (20 || 640.80 D jas fi 574.55 0]14 |
________________________________________________ BB e g
X = 526.73 552,32 485.30 ‘
276.11
s.d.qq{ 152.88 206.34
. _ |
mediank 539,20 640.80 574.55 ;
SECOND SESSICX
: 0039| 638.00 | 0 !12 || 609.89 o e || 710.00 olig 5
K 0040 4986.68 o 113 466.69 0 12 5892.82 olis |
’ 0041 | s7s.40 |22 l20 || 33s.50 | g 122 ooo.00* | 1|25 i
0042| 526.50 | 0 :13 500.18 o |14 || s560.58 016
S L IEEENE S | TR Ao | MPENCT S TR B S b B i st B o
’ X =] 559.65 478.07 620.13
l ) s.8.: 61.11 113.02 7¢.20
e
. median: 550.95 483.44 589.82
| Il i
*Subject indicated he was purposely ignoring secondary task '
Y
'i' when guestioned by examiner between third and second levels - !

of the second session. Thereafter, subject responded to tones.

L)
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‘ . - Q@ s, o .
[(July 11,12,13,14) PRIMARY TASK
(Lrroxs)
FIRST SEssIon PO~
L ' LEVEYL X LEVEL IX LEVEL 11X
7 $in ¢ in $ in
SUD?CCt f¥Errors Error fFrrors Error f¥rrors Error
#
0037 il 1.6% 37 57.8% s Ry 57.8%
0039 1 1.6% 5 7.8% 21 32.8%
0043 0 0.0% 20 31.3% 13 20.3%
0045 12 18.8% 6 9.4% Vi 10.9%
X = 3.50 17.00 19.50
s.d. = 5.69 14.99 13.00

SECOXD SESSION

0037
0039
0043
0045




ST R e i e o s SR i e 5 e i

. s e B VAR L R AT S SRS S - - S
(July 11,12,13,14) SECONDARY TASK
: . (Reaction i)
FIRST SESSICH B s &
LEVEL I LEVEL 1T LEVEL 171 E
] Mean RT Ve RABR BT oL AN BT mie i I
Subgcct gnnhiis tMisses ;n{h*:s alMisses 4;: nite iMisses j
" i
Fal ir. Tol 1
[‘l‘i(lsf(f'f :“ L'I\Jl l‘:‘L\ ‘;‘l ._;\l nsr(;\;l
0037 437.g5 | S0*'12 572.92 | 1 112 550.50 | 0 (13
|
0039 543.69 | 0 12 612.09 | 0 :14 707.00 | 0 :19
0043 268.23 0112 sen 46 0 '11 299.15 0 ‘12 |
0045 s15.36 | 4 laa | s26.46 [ 1 122 [ sds.o1 [0 (23 |
— 4
x =] 441.28 516.00 515.39 ]
s.d.;q 123.74 114.50 168.14
mediank 476.61 549.69 527.71 E
SECOND SISsIc
) 0037
0039 .
0043 ;
0045 5
[}
—————————————————————————————————————— P == o= - - e e o o] - - - - —— - |
X = i
t
Sldl= | "
!
z 1
é
u |
*In first level, subject #0037 was not informed by the examiner :
to respond only to the high tones. Subject was informed before ‘]
levels II and III. ' '
4]
| 0 e ———— n 4
]
7 ;




(July 20,21,22)

PRLMARY_PASK
(Exrors)
FIRST SESSTON

LYNEL T LENEL,. T LENEL TIX
$ in ¢ in $ in

Subject (fErrors Error fErrors Error #Lrrors Error

.I":

0046 10 15.6% 23 35.9% 13 20.3%

0047 3.1% 18 28.1% 24 37.5%

0048 6 9.4% 17 26.6% - -

0049 6 9.4% 33 51.6% 35 54.7%

0050 10 15.6% 24 37.5% 31 48.4%

0051 3 4.7% 33 20.3% 20 31.2%

X = 6.17 21.33 24.60

s.d. = 3.37 7.00 8.5

SECOND SESSICH

0046 g .8% 10 15.6% - -

0047 5 . 8% 10 15.6% e -

0048 (No Show)

0049 i } l1.6% 31 48 .4% 25 39.0%

0050 | 5 7.8% 10 15.6% 21 32.8%

0051 1 1.6% 7 10.9% 19 29.7%

X = 3.40 13.60 21.67

B8.4.= 2.19 9.81 3.06

L7

ro—1 |



——————

(July 20,21,22)

' FIRST SESSION '
LEVEL_I LIVE), 11 LEVE, III
X Mean RT ke e o MGAN RP Bean RY ... . . .
PUBIESE | on nies SHEESSS  on nivs fuisses  op hits FHIS3CH)
¢ [ialof | fetse Ishl»_l'..c'l\
Alarps h “"'“} " Alaros,
0046 (See Noge) - 708.25 0 603.40 o 16
0047 489.64 | 2 %13 sgs.g0 | 0 125 || s99.20 | 0 15
0048 | 611.90 1 ‘14 610.75 0 ‘17 pri l
0049 596.73 0 ‘10 596.25 0 =l3 652.36 0 ll3
0050 | 409.87 0 o 538.00 0 ’14 492.00 [0 15
0051 | 548.82 | 1 14 619.1e | 0 14 689.89 | 0 iIG
x = | 531.2) 609.71 607.37
s.d.= 82.80 56.03 74.54
median: 548.82 GO03. 50 603.40
SECOND SESSYOi ‘
0046 | 562,33 0 117 532.44 o 16 - -
0047 | s563.46 o 12 541.73 o hie g S -
0048 -- :—— -- boe - | ==
0049 | 547.67 0 ‘12 562.00 0 {16 616.42 |0 :12
0050 f 370.00 0 2 472.38 0 ‘12 476.75 |0 |13
0051 | 525.08 13 || s90.5¢ |0 12} s559.40 |0 [r2
X =1 513.70 539.82 550.86
s.d.= 81.81) 43.79 70.23
median«| $47.67 541.73 559,40

Note:

*Son

SECONDARY PTASK
(Reaction Pine)

Subject not informed correctly on high and low tones;
subject responded to low tones only.

not realize there was a pitch difference.)

e secondary data bad.

(Experimenter did

———— - ———— e ———_ A ———— .

L

P




I
&
'

ARG et i e SR

EXPERIMENT #B09
BEHAVIORAL TASK DATA

SESSION I

SUBJECT L!&VEL ) ~ LEVEL 111 LEVEL I LEVEL 111
: | ERRORS | ERRORS | ERRORS | FERRORS
0101 | 14 (22%) | 22 (35%) | NO DATA | NO DATA
| | | |
0102 | 0 (00%) | 12 (19%) I 6 (9%) I 3 (5%)
| | | |
0103 | 5 (8%) | 18 (26%) | 12 (19%) | 13 (20%)
| | | |
! 0104 | 6 (9%) | 35 (54%) | 9 (14%) I 34 122%)
| | | I
0105 I 13 (20%) | 41 (64%) | 10 (16%) | 32 (508)
0 | | | ;
0106 | 3 (5%) | 21 (33%) I 7 (11%) b3 18
| | | | |
0107 | 55 (85%) | 53 (83%) | 60 (94%) | 54 (84%)
| | | | | o |
0108 | 9 (14%) " 31 (48%) I 11 (17%) | 22 (34%) | |4
} | ! | ! i
0109 | 29 (45%) | 31 (48%) | 24 (37%) | 29 (45%) |
TR | | | : |
% ot y o . 9 S . ‘
| |
i ! i
i 0-1




o A L s V. AL O Y e

— 4

0-2

SESSION II
SUBJECT LEVEL I LEVEL IIX LEVEL I LEVEL II1I

| ERRORS i ERRORS | ERRORS | ERRORS

0101 | 11 (17%) | 18 (28%) | 11 (17%) | 17 (27%)
| | | |

0102 | 6 (09%) | 7 (11%) | 6 (9%) | NO DATA
I | | |

0103 | 10 (16%) | 13 (20%) ] 6 (9%) | 20 (31%)
| | | |

0104 ] 7 (11%) | 12 (19%) | 6 (9%) | 27 (42%)
| | | | l

0105 ] 14 (22%) | 22 (34%) | 8 (12%) | 32 (50%)
l l ! [

0106 | 6 (9%) | 12 (19%) | 4 (6%) | 12 (19%)
| | I |

0107 | 58 (91%) | 43 (67%) | 33 (52%) | 2S5 (45%)
o [ | A

0108 | 8 (12%) | 13 (20%) | 3 (5%) | 11 (17%)
| | | |

0}09 | 24 (37%) .I 29 (45%) | 26 (41%). | 32 (50%)
“ | | | |

& ol 4l
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