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INTRODUCT ION i

In the growing concern about productivity in both military and civilian
domains, error reduction has been overshadowed by interest in output and at-
tendance, in productivity rescarch. The project described in this final report
on Contract N00014-78-C-0024 investigated error reduction in productivity-
related human information processing tasks. Such tasks can be critical to
all kinds of naval operations and maintenance. The tasks initially selected
for examination in this project were copying, detecting, coding, and categoriz-
ing; the last was dropped. Considerahle experimental effort was devoted to ;
the others, though it must be viewed as exploratory rather than definitive. 4
Outside the psychomotor and sensory fields, relatively little experimental ;
research has been directed cxplicitly at variables influencing human error in
repetitive information processing performance (rather than learning). Such is
especially the case for within-subject designs. Whenever a new domain is

studied, more exploration may be needed than was anticipated, as in this proj- \
ect.
The category of independent variables of interest can be labelled as 'con- \

sequation,' which may be interpreted to include both information feedback and
reinforcement. Both of these terms mean that an event that follows some per-

formance may influence its future occurrence. A very large number of variables :
are involved in the effects of consequation, as a technical report published )
as part of this project attests (Parsons, 1979). The form of consequation ex- :

amined in the project was verbal, in particular verbal feedback that might be
viewed as either informational, or derogatory/complimentary, or both. Re- ‘
markably little investigation has been accorded aversive verbal consequation

(other than right-wrong studies of knowledge of results), though unfavorable )
comments are common events in organizational, family, and other situations.

From a theoretical viewpoint, the project reflected an interest in re- X
lating to cach other the cognitive area of information feedback (or knowledge
of results) and the behavioral area of reinforcement (and punishment) in
opcrant conditioning. The information an individual receives after and about
performance and some hedonic¢ consequence, reinforcing or punishing, may oc-
cur together either from separate circumstances or in the same verbal comment .
from another person. Some cognition-oriented analysts (e.g., Annett, 1969)
have preferred to attribute all effects of consequation to its informational \
content. Behaviorists tend to give the entire credit to motivational vari- -
ables, reinforcers or punishers, even though their views of behavior include .
discriminative stimuli as behavioral outcomes (und discriminative stimuali,

or "discriminators,'" can be considered "information'). In revicews of the

Hawthorne studies (Parsons, 1973, 1978), the principal investigator in this

project concluded that the Hawthorne c¢ftfect resulted from o combination of

information fecdback (discriminator conscquation) and monctary reward (re- -
inforcement conscquation) contingent on pertormance that increased produc-

tivity. His Hawthorne analyses were responsible tor proposing the present A
project, though i1t was directed at crror reduction vather than an increase '

in output. ot
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Both informational and motivational variables werc included in the tech-
nical report alrcady mentioned and described briefly in this final report as
Mapping of Consequation Variables, and they are implied in the section on
Consequator Rating Study, an inquiry into self-reports about such variables.
Relationships between the two types of variables constituted the underlying
reason for the three experimental studies undertaken and reported, though the
two studies which actually manipulated consequation as a variable must be re-
garded as only a preliminary and exploratory step toward examining such rela-
tionships. The studies are described under the headings Copying, Detection,
and Coding, the three information processing tasks mentioned carlier.

The copying study failed to produce evidence that information feedback
reduced the frequency of errors or that differences in the nature of the
feedback affected error frequency. Following a substantial exploratory phase,
data were obtained from only two subjects in the detection study before this
report was submitted, and these data had not been processed. The coding study
also had many exploratory sessions to explore methods of inducing error but
never reached the point of examining different types of information feedback.
Thus, much was learned about methodology for inducing errors in human informa-
tion processing but the project failed to demonstrate differential effects from
information feedback.

Among the lessons learned was the difficulty of inducing error at levels
that would make it possible, without an exorbitant number of trials, to deter-
mine whether differences in results from experimental conditions were conse-
quential and significant. Due probably to the demand characteristics of the
experimental arrangements, subjects tended to try to keep from making errors
much as they had done in tests at school. As a result, the tasks had to be
made more difficult or the trials and sessions longer or more numerous than
otherwise might have been necessary, especially in a within-subjects design.
Though more subjects would be needed and the costs would be greater, a between-
subjects design may be viewed as preferable for this sort of investigation.

During the course of this project but not as an integral part of it, the
principal investigator gave an invited paper at the Symposium on Productivity
Enhancement: Personnel Performance Assessment in Navy Systems, ot the Navy
Personnel Research and Development Center, San Dicgo (Parsons, 1977).

Appreciation is extended to the project's Scientific Officer, Dr. Martin \,
Tolcott, Director, Engincering Psvcholopy Program, tfor his patience with un-
avoidable problems that impeded the project's timely completion, and to Mr,
Kenneth R. Williams, Rescuarch Assistant at the Institute tor Behavioral Rescarch,

whose collaboration in collecting data and in other aspects ot the project was
conscientious and invuluable.

All participants in the rescarch signed intormed consent torms, which,
together with the procedures, were approved by the Committee tor the Protec-
tion of Humans in Rescarch, the institational review board ot the Institnte

for Behavioral Rescarch.




COPYING STUDY

A familiar human information processing task is copying or transcribing,
either between input modalities or within a modality. In the latter in-
stance an individual may read from one kind of visual presentation and copy
the material, without recording it, on another kind of visual display. It is
common experience that errors occur in copying. A study was conducted to in-
vestigate the effects of several kinds of consequation, or information feed-
back, on copying errors.

The experimental strategy was to use a within-subjects design and have
a small number of participants (subjects). No large pool of relatively
homogeneous individuals was readily available for seclecting randomly a sub-
stantial number of participants for different treatment conditions. Since
with a within-subjects design it is essential to minimize learning that
could confound the effects of the states of the independent variable(s), it
seemed necessary to select material to copy that already was well learned,
that is, was well established in the subject's repertoire. It was also
advisable to schedule a large number of trials prior to the data-taking trials.

Since most Americans who have at least graduated from high school have
extensively discriminated and manipulated numbers, learning of individual
numerals will not occur during an experiment. (The participants in this
study responded to advertisements posted at a nearby junior college, although
not all were students.) Numbers can be selected and arranged sequentially by
mears of random number tables so that sequences and arrays will be different
but equivalent. Their differences should obviate learning in the form of
memorization of sequences or arrays in repeated presentations during the study,
and their equivalence should prevent contounding due to difterences in the
stimulus material. For these reasons rows of random numbers consituted the
material to be copied.

Participants

Ten participants (college students or their acquaintances) performed in
the experiment proper, six men and four women. Trey were told that the study
involved clerical tasks but were not intormed about the information teedback

conditions. They signed consent torms approved by the Committee tor I'rotec-
tion of Humans in Rescarch (institutional review board) of the Institute for
Behavioral Rescarch, which approved the procedures in the <tudy.  Seven other

participants took part in an carlier exploration of procedures.
Procedurces

Each participant pertormed an o three-hour ses<ion, and sy ot them per-
formed in a <similar sesston ~ix to P davs carlier,  bach ot the other tour

had taken part an o sessiton seven to U5 davs cavlier when they carrred oat g
similar number copying task an the procedural eaploraition,
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Each participant encountered five conditions. The first and last were
baseline conditions, without feedback. 1In the others, information feedback
took three forms: "You got most of them right,'" "You got some of them wrong,"
and "You got some of them wrong. Mistakes with numbers can be most unfor-
tunate in some clerical tasks.'" There were five orders of encountering these
conditions among the ten participants.

In each condition, a participant had to copy, on a typewriter, random
numbers that were projected on a white surface from a transparency. The
numbers were arranged in columns or blocks of ten rows (two sets of five)
each. For seven of the participants there were eight numerals per row, for
the other three nine, except in the first two baseline blocks, which had ten.
Accuracy performance on these two was examined to determinec whether a parti-
cipant should copy eight or nine numerals in a row, nine being more difficult.
Each condition had five blocks or columns of numerals with eight or nine per
row. Thus, a participant copied 400 or 450 numerals per condition {plus the
additional two blocks in the initial baseline). Only one row was displayed
at a time, for five seconds. The participant had to wait ten seconds before
starting to type (after receiving a "Go"). A participant could pace himself/
herself in typing but was given the visual instruction, '"Type the numbers as
fast as you can,” at the start of each experimental condition. Participants
were not permitted to make corrections. A new row of numerals was displayed
when the participant pressed the carriage return. The participant sat on the
other side of a partition from the investigator, facing the projected display.
A lamp illuminated the typewriter, and overall illumination was kept constant.

There were two-minute intervals between blocks/columns and five minutes
between conditions. In the feedback condition, a feedback message was pro-
jected for 30 seconds after each block of numerals, beginning 60 seconds after
the start of the interval (to make it appear plausible that the investigator
had actually counted the number of errors). The time to complete cach block
was recorded but the errors werc not counted until after the session (except
for the two initial bascline blocks). Though the feedback messages were not
adjusted to actual performance, "most right" and 'some wrong' did match that
performance.

Within a session, the rows of random numbers in any block were unique;
there was no repetition of rows. Numbers were drawn from a random number
table. All participants encountered the same blocks but these were assigned
differently among conditions for different subjects. Virtually all of the
blocks in the principal session had been used in the prior session, but with a
different assignment to conditions for the same participant.

At the end of the principal session, cach participant answered cight
questions about the study. These included vating the tfeedback conditions on a 7-
point unpleasant-pleasant scale.

Procedural Exploration

For two reasons it appearved essential to have o procedure that would ac-
tually result an some errors consistently an cach participant.  Onge reason
was the content of teedback., Tt scemed unwise to tell o pavticipant "You




got some wrong'" if the participant believed this was unlikely. In copying
tasks, participants can self-detect about 50% of their errors (Bailey, 1978).
Second, if a participant made no errors or almost none, it would not be pos-
sible to demonstrate any effects of variation in the independent variable.
Much effort was expended in tenthree-hour procedural exploration sessions
developing a task that would produce error rates between 1 and 18 percent.
The average achieved was about 9 percent. It was felt that too high a rate
would be as insensitive as one too low. There was a considerable range of
inter-subject differences.

The task finally selected obviously exploited the limits of short-term
memory. The use of random digits in measuring "immediate memory span"
(Woodworth and Schlosberg, 1954, p. 696) is hardly novel. Errors increase
sharply between 8 and 9 digits (Woodworth and Schlosberg, 1954, p. 705).
However, in earlier experimental work and in intelligence testing, apparently
individuals started to repeat the series as soon as its oral or visual pre-
sentation ended rather than after some fixed interval, as in the present
study. More recent research in human information processing has exploited
strings of random digits to examine the effects of rehearsal prevention--
the Brown Peterson technique (Baddeley, 1976) and of rate of presentation
(summarized in Kintsch, 1969), and instead of recall has examined recognition
(e.g., Shepard and Teghtsoonian, 1961) and a "missing scan' procedure where
the subject must say which digit is missing in a series.

Additional Methods. Other methods explored to produce appropriate error
rates included the following:

1. The presentation time of a row of digits was shortened to 3 seconds.
As with Bailey (1978) and in some cases of increasing the digit presenta-
tion rate (equivalent to shortening the row presentation time), a sub-
stantial number of errors could be assured through briefer displays.
However, this method was rejected because (1) presentation time was mea-
sured by stopwatch and was imprecise and (2) participants too often om-
mitted a row entirely or fabricated one out of thin air.

2. The delay interval was shorter (5 seconds) or longer (15 seconds).
Not enough errors occurred with the shorter imterval, and too many with
the longer.

3. With continuous rather than row-by-row display and copying of a col-
umn, defocussing the transparency projector made the displayed digits
more difficult to discriminate. Though this technique was cffective

in producing errors (as might be expected), it scemed likely that partic-
ipants might improve greatly with practice (even without item-by-item
feedback), and in any case the projector could not be adjusted to pro-
duce equal blurring in all rows. It would be better to show slides of
digits that had been prepared with uniform blurring.

4. With continuous rather than row-by-row display, the typewriter was
placed at a 90° angle to the display so the participant had to shift
vision that amount from cxaminirg the display to sceing the heys and
typing paper. (Incidentally, all participants were required to type

-:'..:_._-‘.‘-,.-_..;_. A -{.:_._-_,_-_-.-_.




with a forefinger so prior practice in touch typing could be ruled out.)
Because participants rehearsed the digits as they shifted their gaze
and the interval between looking and typing was short, this technique
failed to produce errors.

5. With continuous rather than row-by-row display, the number of
digits in a row was varied. Error rates were very low with 5, 6, and
even 7 digits, and in somec participants, due to grouping and rchearsing,
they remained low even with 8, 9, and 10 digits. Individual differ-
ences were considerable, with a biochemistry technician and a super-
market checkout clerk doing especially well.

6. With continuous rather than row-by-row display, the investigator
uttered random numbers while the participant was copying the column.
There was no effect.

In addition, the earlier sessions led to a number of other changes:

1. The feedback display for augmented "wrong' was changed from '"You
got some of them wrong. Mistakes are pretty stupid in a task like this,”
after two participants laughed at it and said it was bizarre.

2. Instructions were changed from "Copy the numbers as fast as you can"
to "Type the numbers as fast as you can' after participants reported
that instructions to "copy'" meant they should not make any mistakes.
"Copy" implicitly conveys stimulus control. What else is there to type
except what is displayed?

3. One experimental condition, in which instructions included "Try

not to make mistakes," was dropped because (1) there was insufficient
time to include it in a three-hour session, (2) avoiding mistakes seemed
to be implicit in a copying task even when the word "copy'" was changed
to '"type," and (3) it involved another variable than feedback. It could
be introduced in subsequent research to test the cffects of instructions
combined with feedback.

Results

Criteria. A set of criteria for detcrmining whether a copying error had
occurred was established prior to the first data-taking session. The cri-
teria and the categories of error to which they apply are described in Table 1.
It should be apparcent that crrors take diverse forms, cven in copying random
numbers (especially when these occur in some scquence, such as a row). Pre-
sumably the different types of errors have differing origins--an interesting
domain for rescarch.

Because the effects of any information feedback presumably would not de-
velop until there is subscquent pertormance, error data were taken only from
the last four blocks within a condition (including the bascline conditions).

Specd of Performiance.  As alrcady noted, participants were told to type

as fast as possible.  That was their only opportunity tor sclt-pacing.  They
could not go back and mike corrections, and both display time and delay time
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Table 1. Error criteria in the Copying study.

A typed digit that differs from the projected digit in the same row position
is an (confusion) error. Example: 27644310 typed, 27544310 projected.

If a digit at the end of an incomplete typed row matches the digit at the end
of the projected row but not the digit in the same position in the projected
row, it is not an (confusion) error, whether or not it is part of a sequence.
Example: 401936 typed, 40193476 projected.

Not typing a projected digit is an (omission) error, due pernaps to an (antic-
ipation) error. Example: 9824336 typed, 98254336 projected.

A typed digit is an (intrusion, addition, or perseveration) error when it oc-
curs before the end of the row, if it does not match the projected digit in

the same row position and precedes a typed sequence that matches a projected
sequence. (However, it does not count as an error if there has been an omis-
sion error earlier in the row.) Example: 7276237 typed, 72723701 projected.

A typed digit is an (addition or perseveration) error when it cccurs at the
end of the row and causes the total number of digits in the row to exceed the
total in the projected row, unless it is part of a projected sequence.

Example: 077352809 typed, 07735280 projected, (NOT 077395280 typed, 07735280
projected.

A typed sequence of two or more digits matching a projected sequence is NOT
considered an (location) error when the location of the sequence in the tvped
row differs from the location in the projected row, except where two wo-
digit sequences are reversed (see below). Examples: 81127813 typed, 08278136
projected or 81162781 projected.

Typing two projected digits in reversed order counts as one (transposition)
error and is regarded otherwise as a sequence. Example: 74465901, 74456901
projected.

Typing three projected digits in some kind of reversed order counts as onec
(transposition) error and is regarded otherwise as a sequence. Example: 365
typed, 663 projected; 068 typed, 806 projected.

Typing three projected digits of which two are the same so the single digit
is doubled counts as two (exchange) crrors and is regarded otherwise as a
sequence. Examples: 363 typed, 636 projected; 336G typed, €63 projected.

Typing four projected digits in which two two-digit sequences are reversed
counts as one (transposition) error and is regarded otherwise as a scaucnce.
Examples: 36063 typed, 6336 projected; 3366 typed, 633 projected; 3654 typed;
5436 projected.

a I J
v e
»



Table 1 (continued)

11, Typing four digits with some reversals of the same projected digits counts as
two (transposition) errors and otherwise is regarded as a sequence. Examples:
2415 typed, 1425 projected; 5142 typed, 1425 projected.

12, Typing four projected digits of which three are the same, so the single digit
is tripled, counts as three (exchange) errors and is regarded otherwise as a
sequence. Example: 3666 typed, 6333 projected.

The omission or repetition of a row or typing a row unrelated to the pro-
jected row does not constitute an error, but in calculating error pvercentage the
denominator must be reduced if the row is omitted; or the error total should be
reduced proportionately. A repeated row should be disregarded. If the typing
clearly jumps within a typed row from one projected row to the next, the tvped
row will be regarded as a legitimate one composed of the two projected parts, and
one row will be indicated as omitted. Non-digit characters per se are not errors.
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were fixed at 5 and 10 seconds, respectively. Thus, it should not be sur-
prising that within participants and between conditions across and within
participants there was little variation in the timec a participant took to
copy a block of random numerals. Median durations were derived from all five
blocks per participant in a condition. Across conditions the medians (of
block medians) varied only within a 9-second span; the median of these was

3 minutes and 14 seconds. The median of the medians among participants was
3:12; individual medians ranged from 2:51 to 3:32, presumably reflecting dif-
ferences in typing speeds or, possibly, further rehearsal during typing.

Accuracy of Performance (Errors). As Table 2 indicates, the overall
mean error rates of the three consequation/feedback conditions were almost
the same: 9.5 percent for '"most right,", 8.9 percent for '"some wrong,'" and
9.0 percent for '"some wrong. Mistakes...most unfortunate...'" By inspection,
these results justify no assertion of different effects between feedback
conditions and fail to warrant statistical significance treatment. The er-
ror rates come close to those in the prior session for the six participants
who took part in that (rather than in procedural exploraticn sessions):

9.7 percent, 8.4 percent, and 9.2 percent.

The error percentages for the two baseline conditions, without feedback,
were 11.2 (10.8 in the prior session) at the start of the session and 7.0
(6.8 in the prior session) at the end. The relatively small differences be-
tween these and the feedback condition percentages appeared to have little
material importance and if only due to marked within-subject-condition vari-
ance were not examined for statistical significance. They may well have re-
flected improving performance during the session as a result of practice,
including procedural improvements despite efforts to forestall this by means
of prior and exploration sessions. This hypothesis is supported by the error
percentages according to the order of condition encounter: 11.2, 11.0, 9.1,
7.4, and 7.0, as well as by the difference between a 6.8 basecline mean per-
centage at the end of the prior session and a 11.7 percentage for the same
s$ix participants in the baseline mean percentage at the start of the principal
session six to 14 days later.

The low error rate in the final baseline condition, without feedback,
may have been due to the cumulative effects of the preceding three feedback
conditions, as well as, or instead of, being due to practice. The drop in
this final percentage prevents any assertion that feedback reduced errors,
since it was added as a within-subjects control condition. [t could be hy-
pothesized that it might have risen, as it did betwcen sessions, and that
differences might have been demonstrated among feedback conditions, it (1)
there had been intervals longer than 5 minutes between conditions, and (2)
there had been more than five blocks per condition (as in better time-serics
experiments).

The overall error percentage in the study, for the principal session,
was 9.1. This represented success in developing ways to assurce corror rates
that were neither excessively low nor extremely high., Error percentages

varied considerably among participants, from 2.1 to 15.6. 'The 2.1-crror
participant was assigned S-numeral instead of 9-numeral rows through inves-
tigator misinterpretation of the ground rules, as that participant had had a
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7.6 percent error ratc in the prior se¢ssion with 8-pumeral rows. Onc par-
ticipant who had a 6.3 percent error rate in the prior scssion with 8-nu-
meral rows had a 10.3 rate with 9-numeral rows in the principal session,
bearing out the conclusion from the procedural exploration sessions that
error rate increased with the number of numerals in a row to copy (and to
remember after a 10-second interval).

o Vs e W

No analysis was performed on the incidence of different kinds of copying
errors. Such an analysis (see Bailey, 1978, for a limited example) would
become an appropriate aspect of an information processing investigation of
the origins of different kinds of copying (and short-term memory) errors in-
volving random numbers.

Self-Report Data. Each participant responded to eight queries from an A
investigator at the end of the participant's final session. The queries and ]
replies were:

{1) What did you think was the purpose of the experiment today? Two

participants said simply it was to determine accuracy, in clerical jobs

(IX) and in remembering (IV). The others all referred in some fashion

to the effects of the feedback, as "difference in accuracy with differ-

ent types of evaluation" (I), 'what rewards would bring best efforts"

(VIII), '"something to do with positive and negative reinforcment--but I

tried not to let it interfere" (VII), "Effect of positive, negative re- .
inforcement" (V), "how better one would do with a stimulus like wrong" )
(I11), "see if any change occurred in the number right or wrong after a .
statement right or wrong" (II), '"like something in psychology, stress; I

did react--reacted more when scolded" (X), and "to see what someone in

authority would say and how it would affect your work" (VI). Thus, most

verbalized the aim of the study.

(2) What did vou do during the delay period, between seeing the numbers

and typing? Two said merely that they ''tried to memorize" (VI) or 'tried h
to remember" (IX) the numbers. One (V) 'figured out ways I could remember

them best." One (VIII) reported holding "a mental picture of thc numbers,” 3
and two (II and VIII) tried, respectively, to visualize them or the "
easiest four. Including these two, six participants said they repeated the ]
numbers (to themselves or in their heads); for (VII) these werec '"the hard-
est four." Three of these said they separated a row of numerals into groups
or blocks. One participant (III) reported turning some numbers into dates,
another (I) into dates, addresses, and telcephone numbers, and this last
reported also using "a rhythm technique and other devices, slowing the
thythm in typing, and "telling myself, 'let it go' when [ made a mistake."
On the basis of these sclf-reports, one might state that the study in-
vestiguated short-term memory rather than copying, which was simply the
method of inquiry.

(3) What was vour reaction to the comments shown vou at the end of typing

each column? Only two participants reported that these led to performing

differently: 1IX said "I tricd to do better, not make the same mistakes,"

and IV, who cncountered condition B second, said "At first I felt good, -
then not so good; they made me work harder, concentrate more," but 1T said 4
I'm not sure 1 tricd that much harder when it said T got some of them wrong.' \

+
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Three reported a kind of disregard: X said that "at first 1 took it
literally, later I took my mind off it so I wouldn't get depressed”;

I said "my thoughts were to disrcgard them--with thc positives I was
anxious to get to the next sequence, with the negatives I told myself

to ignore them--1 got internally kranky about them--I was hungry and
thinking about things to do at home--1 wanted to finish"; III said "I
thought it was kind of funny--I even snickered--but I realized it was

an experiment." Five participants expressed feeling a lack of congru-
ence between the comments and what they had done: VII said "I didn't
think it always fit"; VI said "sometimes I thought they didn't say

what 1 did"; V said "a couple of times I thought I had them all" (though
V did not); II said '"no matter what I typed I could have gotten the same
correct'; and VIII said "I couldn't figure them out--there was no rela-
tionship to what was happening; they'd appear the same no matter what my
performance was." If these self-reports reflected the effects of the
feedback comments on error-making performance, little or no impact would
be presumed.

(4) Consider a 7-point scale on which very unpleasant is 1, very pleasant
is 7, and neither is 4. Rate how you felt about being told (a) You got
most of them right; (b) You got some of them wrong; (c) You got some of
them wrong. Mistakes with numbers can be most unfortunate in some cler-
ical tasks. The results are shown in Figure 1. Clearly, feedback (a)
had no or little reported hedonic effect on five participants, though the
reaction from IV is consistent with replies to query 3, and feedback (b)
had no or little reported hedonic effect on six participants. Feedback
(c) had a stronger effect. Indeed, III said '"it was threatening," but
VIII reported being mystified about the reference to clerical tasks.
Participant VI said (a) "was nice," and commenting on (a) and (b) partic-
pant VII reported relying more on self-judgment, "telling myself when I
didn't do well." By inspection, there appears to be little rclationship
between these ratings and error totals tor individuals in diffcrent feed-
back conditions, though some relationship might have been expected.

(5) Did you try at any time not to make mistakes? All participants re-
plied affirmatively and four said all the time, though II indicated be-
ginning to do so about one-third of the way through the scssion; partic-
pant I denied trying harder at one time than another but said it was
harder to concentrate on particular numbers when there were negative com-
ments. In responsc to Why?, three (I, V, and IX) mentioned "challenge,"
I added "I wanted to prove to myseclf T could do it all right," VITT said
“fun," X said "self-satisfaction,” and IX and I1, respectively, "because
I don't like making mistakes" and "because basically I'm being tested;
I'm conditioned to do things right." These self-reports could be taken
as evidence ot cither intrinsic motivation or past conditioning that
could well have overridden any ditterential effects of the feedback com-
ments.  In response to flow?, four participuants (T, IV, VI, and IX} men-
tioned "concentrating” (to which I added "paving attention only to num-
bers"), two (IT and VI) mentioned "trying hard” to remember or memorize,
IT mentioned repeating the numbers, and VI reported "trving to find the
best method to Leep nmmbers in memory longer.” Together with the replics
to Question (2), it seems apparent that participants tricd and presumably
succeeded in devetloping or instituting procedures to improve their memory
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(and copying) performance. These proccedures could include "concentrating”
and "trying hard"” (terms that need further analysis). Such procedural
changes can be viewed as a form of "lecarning"” (though perhaps different
from what that term is often assumed to mean). If this were the case,

the design of the study failed to prevent within-study learning from
confounding the effects of the independent variable (type of feedback).

(6) Did you ever type more slowly to keep from making mistakes? Only
two participants, | and X, denied ever typing more slowly, though some
said doing so was only occasional, and two reported thevy '"must have" or
"might have." As noted carlier, the duration data showed almost no vari-
ation in the median times taken to copy columns of numbers, hetween con-
ditions. Within conditions, durations of copving individual columns
rarely reached a difference of 5 percent greater or less than the median.

(7) Did vyou think any sets of numbers were repeated? Six participants
said they thought so. but some thought there were only a few or once;
one said ''no," one didn't know, and a third reported thinking so but be-
ing unable to detect any repetitions. In actuality, as noted carlicr,
within either the principal or prior session there were no repetitions
of rows of numerals (though there were chance repetitions of short se-
quences}. However, for the most part the columns (blochs) of rows used
in the prior session were used again, in dittferent conditions, in the
later one, at leuast six days later.

(8) Comments? Participant Il expressed indifference to the negative
statements, as '"'not disturbing." This individual reported having taken
a course in i1ntroductory psychology. Participant X said it was a very
good test, it makes vou think all the time." In view of the latter com-
ment, together with replies to Question 5, 1t would seem that the ex-
perimentul situation hardly resembled ¢vervday clerical or working cir-
cumstances. Perhaps greater external validity--and possibly more dif-
ferential effects trom the hinds ot feedback--would hiave resulted trom
maintaining cach teedoack condition o a much Tonger time, as in many
single-subject, time-series designs.,

Discussion '

As noted at the outset of this report, this Copying studv wis explora
tory, in 1ts principal ses<ion as well as sessions that were devoted oy
plicitly to procedural exploration.  Due perhaps to the desien of the expert
ment, the data gave no reason tfor saving that any .onscguation. toedbngd
condition wis more cftective than any other tor reducing copyving ¢rrors, or
more cftoctive than oo feodhack: for the same reason, there i be no state
ments about inctfectiveness,

How might a consequator chanpge crror prodocine hehavior” \ccordimge 1o
reintorcement principlos, o Cvorable conaeqiuitor ater o pertoreanee crroer
should, by rrselt, <trencthen that behavior make 1t more ke ly 1o roovur,

an untavorable conscquator should wedken 1t ok vt Te o Tibey o reacour,
But the conscquator mo~t he contineert on the opecitie portoronee 1t s sap
posed to antlucnce not 4 oserie of Gctions an which the crroncon e pon
Wy® g0 Ld . - - \J A . - - - . . - . - . -
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is imbedded. The contingency may be specified through a discriminator,
which identifies the erroneous action, and that discriminator may be pre-
sented to the performer (or originate internally from past experiencc) at
the same time as or as part of the consequator (or preceding or during

the performance). Such action-produced discriminators are what is known
as information feedback or knowledge of results. Another kind of discrim-
inator identifies the 'correct" action to take; this, too, may originate
externally (or internally), after the action (or beforc or during it). A
different action in the future is one result, self-correction another.

None or little of this analysis applies to the consequation/feedback
conditions in this Copying study. Verbal consequators were given at the end
of a block of 80 or 90 numerals rather than for a numeral by itself. A con-
sequator was not contingent on a specific action that re ulted in an error,
nor were there external discriminators that identified those. (There un-
doubtedly were some internal self corrections but fewer than those described
by Bailey (1978), since participants could not go back and change anything
they typed.) Some of the participants, in response to Question 3 at the end
of the principal session, expressed their concern that there seemed to be
little relationship between the feedback and what they had done.

On the other hand, in accord with reinforcement principles a consequator
may influence the adoption or change of the 'rules'" that determine what hu-
man beings do in rule-following behavior. Rules are procedurcs. Procedures
are sequences of actions with sequences of discriminators or they may be com-
plementary behavior that affects or modifies the performance of direct in-
terest. In this Copying study, according to self-reports participants
adopted procedures to prevent mistakes, such as rehearsal (covert repetition
of numbers during the delay period), grouping (chunking) of numeruals {and
even rhythm), visualization, and concentration. What explicit effect did the
consequation/feedback have on adopting and following these tactics?  lUnder
the circumstances, neither a verbal consequation contingency nor an external
discriminator can be identified as responsible. The procedures may have come
from prior cxperience in memorizing verbal material. More investigation of
such matters is needed, with reliance on performance data as well as self-
report--valuable as the latter can be for exploration.

The feedback conditions may have added to the "demand characteristics”
of the situation, but the potentiation alrcady present for participant- in
being, in a sense, "tested" in an experiment probably aftected them in the

baseline conditions as well. Tt as clearly Jditficult to study evror-making
performance in a laboratory situation. Fffects of prior eapericnce cannot
be fully forestalled. Students especially tend of try to avord makinge mie
takes; their academic environment requires such behavior, \ddational vanri
ables may have less observable impact than they would in other crrcumstances.
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CONSEQUATOR RATING STUDY

It may be possible to determine how much influence a consequator would
exert over some behavior of an individual by asking him or her whether or
how much he/she likes or dislikes a particular outcome of that behavior, or
otherwise reacts hedonically to an outcome. Presumably if an outcome is re-
ported as liked or wanted, or as making a person happy, it will function as
a favorable consequator and make the behavior more likely to reoccur. If it
is reported as disliked or rejected or as making a person unhappy, it will
function as an unfavorable consequator and make the behavior less likely to
reoccur. The technique of asking people what they want has been used in some
token economy studies to determine what tokens should be exchangeable for,
and how many tokens per ultimate consecquator. lHowever, it does not scem to
have been exploited to find out what could "punish’ or suppress some bchavior,
or to discover outcomes people might try to aveid. Nor has it been investi-
gated with respect to verbal consequators, favorable or unfavorable.

To explore reactions to such potential consequators, seven working women
were asked to rate how unhappy or happy they would feel about another per-
son's verbal comments concerning a task they had pertormed. The participants
all worked in various offices in a technical/industrial park in a Washington,
D.C. suburb, in clerical or supervisory positions. Their ages varied from the
twenties to the fifties. They were individually queried after receiving writ-
ten instructions. Anonymity was assured, and they signed informed consent
forms.

They were shown a graphic, bimodal, 9-point (9-digit) rating scale on
which the end digit 1, always on the left, meant that the comment "would have
made you feel extremely unhappy,” the end digit 9, on the right, meant that
the comment '"would have made vou extremely happy,” und the middle digit 5 meant
that "it wouldn’t have made vou fecl one way or the other.'" A participant
selected and wrote down on a separate blank sheet of paper o rating number for
each item, working at her own pace but being timed. There were 129 items
listed alphabetically in columns on other sheets of paper.  They are listed by
ratings in Table 3, but their alphabetical order in the study indiscriminately
mixed presumably untavorable, neutral, and tavorable comments.  The i1tems were
drawn from a thesaurus and trom the investigator's own head.  They included
adjectival statement< and phrases, nouns, and exclamations, some adversely
critical, some complimentary, some neither.  Some were oriented primarily to-
wandthe task itsclt and 1ts outcome, some toward the individual's personality
characteristics as evidenced in task pertormance.

There were two tashs to consider (separatetvic 1) performing o ojob at
work, and (J) taking a test oat school.  tor the tirst, o particrpant was tolld
to "Suppose vou asked an associate whose auadement vou o respectod oo commentoon
a job vou had just done, and the assocrare mode one o the tollowins comment Y
For the sccond, the partrcrpant was told to "Suppoac whon von were o stadent
you took o test and the toacher, using ~ome obpective orrtervion, anide one ot

the tollowing comments.”

Further, cach of theso tasks hoad three condrtron o for o0 b part s oot
(1) there was no mentiron whethier ot was casy o or Jrttaoalt, REENE
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Median ratings of happiness-unhappiness about an
associate's comments on performance of a difficult
job. (Rating of 1 means extrcemely unhappy, of 9
extremely happy, of S neither unhappy nor happy.)

Comment

Bad stuff

It's deplorable
It's disappointing
Disapproved

It's discreditable
It's disgraceful
It's dreadful
You're dumb
Dummy !

It's a failure
It's frightful
It's ghastly
Horrible!

Idiot

It's idiotic
Imbecile!

It's imbecilic
It's incompetent
It's lousy
Moron!

It's moronic
Poorly done

Poor stuff

It's ridiculous
Shame on you!
It's stupid
You're stupid
It's terrible
It's very bad
It's worse than usual
You're wrong

It's absurd

It's awful

Below par

You're crazy

It's defective
It's disreputable
You're toolish
It's irrational
You're nutty

It's pitiable
Pretty bad

It's unsucvesstul

Rating for
Easy Job

ot bt bt ot b fed psd et pd ket et fd ot Pt ok ot Pt bt ot Gk et ot et ek bt bk bl b et

P S P R LY )

Remarks

Unanimous (L)

(b). (g)
(g)
(g)
(e), (8)

(b) Unanimous ([)
(b) Unanimous (E)
Redundancy, Unanimous

(b), (8

(a), (b)

Unanimous (E)
Unanimous (F, D)
Redundancy, Unanimous
Unanimous (E, D)
Redundancy, Unanimous

(g)

Unanimous (E, D)
Redundancy, Unanimous

(g)

(g), Unanimous (E)

Redundancy, Unanimous
Unanimous (E)
Unanimous (L)

(), (&)

(e), (g)

(a)

()

(E)

(D)

(E, D)

(E.D)

(E)
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Table 3, Continued (2)

Rating for Rating for

Difficult Job Comment Easy Job Remarks
3 It's false 1 (e)
3 It's faulty 2
3 It's imperfect 3 (e)
3 It's inaccurate 1
3 It's inadcquate 1
3 It's incorrect 1 (e)
3 It's insufficient 1 (a)
3 It's inferior 1 (a)
3 You're obtuse 3
3 It's second rate 2
3 You're silly 1 (e), (h)
3 It's so so 5 (f)
3 It's unfortunate 2
3 It's unobjectionable 4 (a)
4 It's contemptible 1 (a), (¢), (d), (e)
4 It's mediocre 4
4 You're mistaken 1
4 No comment 4
4 Not good 3
4 It's reprehensible 3
4 It's tolerable 3
4 It's uneven 4
5 It's accurate 7 by, (g)
5 It's adequate 5 (a), (c)
5 It's average 5 (a), (<)
5 It's competent 5 (g)
5 It's creditable S (a), (c)
5 It's fair 3 (h)
5 It's fine 5 (a), (b), (e)
5 It's good cnough 5
S It's laudable 5 (a), (b)), (d)
5 It's middling 4 (f)
5 It's normal 5
S 0.K. 5 (b)
) It's ordinary 5
5 It's rational ) (a)
S It's sound 5
6 You're astute 5 (a), (e)
6 Better than usual 7 (a), ()Y, (b))
6 It's correct 5 ()
6 It's effective 6 (a)
6 It's encouraging 7
6 It's nice 5 (a)
6 Not bad! S
0 You're right 6
6 Thanks S
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| Table 3, Continued (3) 19
Rating for Rating for
Difficult Job Comment Easy Job Remarks
7 It's distinguished 7 (b)
7 Good for you 7
7 Pretty good 6
7 It's true S (a), (h)
7 It's worthy 5
8 Above par 5 (a), (c)
8 It's admirable 7
8 Approved 5 (a), (c), (Q)
8 It's commendable 6
8 It's exemplary S (e)
8 It's first rate 7 (a)
8 Good stuff 7
8 It's perfunctory 5 (a), (¢
8 It's praiseworthy 6
8 You're sharp 7
8 Well done 7
9 Bravo! 9
9 You're bright 7
9 It's brilliant 9 Redundancy, (f), Unanimous (D)
9 You're brilliant 9
9 It's excellent 9
9 Genius! 9 (f) , Unanimous (D)
9 It's grand 8
9 Great! 9 (£)
9 It's magnificent 7 (a)
9 It's meritorious 6 (b)
9 It's perfect 9 (f)
9 It's splendid 8
9 It's a success 6 (a), (h)
9 It's superb 9 (f), Unanimous, (D)
9 It's superior 9 Unanimous, (D)
9 It's superlative 8
9 It's tip top 8 (h)
9 It's very good 8
9 It's wondertful 8

KEY to Remirks

a: At least one L rating is 4 places from the median.
b: At lecast one D rating is at least 1 places trom the median,
¢: There are extreme U ratings above and below the median.

d:  There are extreme D ratings above and helow the median.

c: There are 3 ratings above the bomedian, none below at.
f: There are 5 ratings below the |omedian, none ahove 1t
g:  There are 3 ratings above the Domedim, none bolow 1t
h:  There are 3 ratings helow the Domedian, nene above 1t
Lo basy Job ratings.
D Mitticalt Job ratings.
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described as easy ("Now supposc you thought the job (test) was an casy onc");
or (3) it was described as difficult (”Now suppose you thought the job (test)
was a difficult one'"). Each participant went through the list of 124 items
at least six times, once for each of the three conditions in ecach of thec two
tasks. The three conditions for the Job, in the order of no mention, easy,
and difficult, were followed by those for the Test, in the order of no men-
tion, difficult, and easy. In addition, the no-mention condition for the Job
was repeated with six participants, in five cases after the Test portion, in
one between the Job and Test portions; and Job Difficult was repecated with
one of the participants, at the end.

Results

Durations. The average duration for completing the list of 124 items
was about six minutes but individuals varied greatly. The slowest respondent
took about 13 minutes for the first set of reactions to the 124-item list,
and about 7.5 minutes for the last; the fastest respondent took 5 and 4 mi-
nutes. Durations were reduced by 20 to 50 percent between first and last,
with all participants speeding up during the session.

Reliability. The first encounter with the list of items and rating them
was the condition of Job with no mention of ease or difficulty. The data
were not used except to compare them with the later Job No-Mention. In that
comparison, 47 percent of the 744 ratings of items for six participants dif-
fered in the later set from the earlier; 23 percent of the differences were
greater than one place on the scale. There were approximately the same num-
ber of increases in ratings (25 percent) as decreases (22 percent}. Among
individuals the differences ranged from 30 percent (with 14 percent greater
than one place) to 65 percent (with 48 percent greater than one place). When
one subject repeated the Job Difficult ratings, there were 22 percent fewer
differences than there had been between the two Job No-Mention conditions.

It might be presumed that the first Job No-Mention condition, with which a
session began, was relatively unreliable, and that reliability subsequently
increased. Due to the remaining unreliability, inter-subject variance, and
small number of participants, the study must be viewed as exploratory. Anal-
ysis of statistical significance was not undertaken.

Item Ratings. The median (between participants) ratings for the 124
items in the Job Difficult condition are shown in Tablec 3. The table also
shows the ratings for the Job Easy condition. The remarks column contains
a number of data modifiers or cautions. In cases of (a) and (b), where at
least one £ rating or D rating is 4 places from the median, and in cases of
(c) and (d) where therc arc extreme E and D ratings above and below the median,
it may be conjectured that the item presented some sort of difticulty to one
or more participants, resulting in a deviant rating. In any case, one or
more participants had an idiosyncratic interpretation of the item. Instances
of (e¢), (f), (g), and (h) indicate there would be somewhat ditterent results
if means had been derived instead of medians:  (¢) and (g) indicate that the
mean rating would be higher, () and () that it would be lower. These modi-
fiers can be related to differences between Basy and Ditticult ratings (sce
below). The (a), (M), (¢), and (d) indicators should caution about the relia-
bility of these items in any future usc.
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Some comments that might be presumed to be just information-carriers
may be seen to occasion self-reports of extreme unhappiness. These include
“Wrong," "Incorrect," and '"False,” though, as noted below, their antonyms
are relatively neutral. "Failurc'" and '"Success' both exert strong hedonic
effects.

Job Easy vs. Job Difficult. Among the 124 items, there were 62 dif-
ferences (50%) between medians for Job Easy and medians for Job Difficult.
Among these 62, 90 percent (56) were instances where the rating was higher
in Job Difficult than in Job Easy. Among these 56, 28 werc ratings of com-
ments that could be called favorable (rated above 5 in Job Difficult), 24
were ratings of unfavorable comments (below 5), and 4 wecre ratings of neutral
comments (at 5). Thus, higher ratings for unfavorable plus neutral comments
were just as many as higher ratings for favorable comments. A comment that
was favorable for task outcome when the task was easy was more so than when
the task is difficult; the individual reported feeling happier. A comment that
was unfavorable for task outcome when the task was casy was less so when the
task was difficult; the individual reported feeling less unhappy. Unfavor-
able comments do not become more unfavorable when a task is more difficult,
according to the results of this self-report inquiry.

The above summary is borne out by inspection of the data in Table 3.
It will be seen that the median item ratings for Job Difficult are generally
either higher than or the same as those for Job Easy; very few are lcwer.
Although higher ones do not appear when the Job Difficult median ratings are
1, the modifier (g) for ten of these indicates that the Job Difficult ratings
should be considered in the light that these had three ratings above the
median and none below it and thus the means would be higher than 1. Con-
versely, the five (f) modifiers for items rated 9 for Job Difficult indicate
that the corresponding 9 ratings for Job Easy should be considered in the
light that these had three ratings below the median and none above it and thus
the means would be lower than 9.

Nevertheless, many of the unfavorable comments rated at 1 were resistant
to change from the easy job to the difficult job, and on some of thesc the
respondents were unanimous in both the Easy and Difficult ratings. Examples
were "Idiot," "Imbecile," and "Moron.'" Perhaps these were more stablc be-
cause they were personality-oriented rather than task-oriented. At the other
end of the rating scale, there were several favorable consequators that were
rated 9 for both ecasy and difficult jobs, without an (f) modifier: '"Bravo!,"
"It's excellent," and "It's superior."” But nonc of these was rated 9 unani-
mously for the Easy job. If one had been, a mean rating could not have gone
higher for the Difficult job. Those showing the greatest difference were
"It's meritorious' and "It's a success." Some stability was demonstrated for
"Neither'" (neutral) ratings. Of 15 rated at § for Difficult, 12 had been so
rated for Easy. However, of 25 rated at 5 for Easy, 12 werve rated higher for
Difficult (and one lower)--another indication of the trend to rate the comments
higher for Difticult than for Easy.

Test Easy vs, Test Difficult. Of 88 ratings by the scven participants,

46 percent (396) were different tor these two task conditions. Of the 396,

87 percent received higher ratines in Test Ditftficult, All but onc ot the
participants produced higher ratings in Test Difficult, the individual in-
creases ranging from 79 percent to 98 percent.  Though these figures are not
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directly comparablc with the median data for Job Easy vs. Job Difficult, the

87 percent almost matches the 90 percent for differences between medians,

and the 46 percent comes closce to the 50 percent of medians where there were

differences. Thus, the Test ratings supported the findings for Job ratings;

as task difficulty increases, the same comments arc reported as making a per-
son happier or less unhappy.

Job Difficult vs. Test Difficult. When ratings for Job Difficult were
compared with those for Test Difficult, of 868 paired ratings across seven
participants, 393 (45 percent) were different. Of these, 65 percent (256)
were higher on the Test than on the Job, and 35 percent lower. When the
actual differences in scale placement were summed for the 393 pair differ-
ences, the total was 686, and 69 percent of this total (473) came from ratings
higher on the Test than on the Job. All seven participants had morc ratings
that were higher on the Test than on the Job; six produced thc same result
when placement differences were totalled, and one was even. For 46 items,
there were at least two more participants rating an item higher on the Test
than those rating it lower, or vice versa, and of the 46, 42 (91 percent)
were instances of higher rating on the Test. Among these, 19 pertained to
favorable comments (rated higher than 5), 17 to Unfavorable (lower than 5)
and 6 to Neutrals (5). This latter finding indicates that higher ratings
for the Test situation tended to be higher whether the comment was derogatory
(unfavorable) or complimentary (favorable).

Individual differences were considerable. They ranged from 27 percent
more for Test (34) to 66 percent (82) out of 124 possibilities per partici-
pant (and from 56 to 144 for summed differences in scale places). The par-
-ticipant with the smallest preponderance of higher ratings for Test had 53
percent more than for Job; the one with the largest margin had 89 percent
more for Test. The mean extent of place differences among rarticipants
ranged from 1.2 places to 2.6.

The requirement to report Test ratings called for a morc retrospective
self-report than did Job ratings, and the source of the consequators {com-
ments about the task) was a teacher rather than an associate. The differ-
ences in ratings between Job Difficult and Test Difficult may have bheen due
to these variations. What seems more striking, however, is the way in which
the results for two different tasks tended to parallel those comparing ecasy
and difficult conditions within tasks. Possibly the Test situation was re-
acted to as more difficult than the Job situation.

In any case, although a detailed analysis remains to be performed on the
Test ratings, they appecared to resemble those for the Job data. Of particu-
lar interest is the finding that ratings werc higher on the Test than on the
Job for unfavorable as well as favorable comments. Ratings did not go down
for unfavorable comments and up for tavorable ones, as might have been sus-
pected in comparing two types of tasks.

Distribution of Ratings among Conscquators.  The number of comments re-

ceiving Job Difficult ratings from 1 through 1 exceceded the number receiving
ratings from o through 9, 65 to 41, This disparity may have heen due to se-
lecting more unfavorable than favorable comments in the first place, and in

turn that sclection might have resulted from a greater proportion of adverse
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terms in the English language and thus in any thesaurus. Such a dispropor-
tion is suggested by the disproportion of hedonic terms in Roget's Inter-
national Thesaurus (Third Edition). Under "plcasantness' are 47 lines of
nouns, verbs, adjectives, and adverbs, but under "unplcasantness,” 90 lines;
under "pleasure," there are 82 lines, but under "displeasure," 149. There
is no section for "like," but under ''dislike" there are 41 lines. In addi-
tion, there are 25 lines under "approach" but 106 under "avoidance," not to
mention 47 under "escape," 40 under ""abandonment," and 23 under '"rejection."
(However, one finds 167 lines under "desire." '"Aversion" is listed under
"dislike.") More inquiry seems warranted as to the distribution of favorable
and unfavorable verbal consequators in spoken and written English (and other
languages).

There were almost as many median ratings (50) at the extreme places on
the scale--1 and 9--as in intermediate places (59), excluding the central
place, 5. This distribution too, may reflect the selection process, which
in turn may reflect language practice. Or it may result, at least in part,
from behavior in using a 9-point rating scale, especially with regard to the
small number of 4 and 7 ratings.

Antonyms. Interesting comparisons may be made among antonyms. For ex-
ample, for Job Easy, "Approved" was rated 5 (i.e., making the respondent
neither happy nor unhappy), whereas "Disapproved" was rated 1 (i.e., making
the respondent extremely unhappy.) The same contrast occurred with "It's
correct" and "It's incorrect,' "It's rational" and "It's irrational," It's
true" and "It's false," "It's competent” and "It's incompetent," "Above par"
and "Below par," "It's creditable" and "It's discreditable," and'It's adeauate"
and "It's inadequate.” A tendency to rate the "positive'" term at or close to
a neutral position while its "negative" antonym remained at the extreme end
of the scale was evident, to a smaller degree, among Job Difficult ratings and
among other consequators, such as "You're right" vs. "You're wrong'' (6 and 1
for both Job Easy and Job Difficult), "It's accurate" vs. "It's inaccurate"

(7 and 1 for Job Easy), "Well done" vs. "Poorly done" (7 and 1 for Job Easy,

8 and 1 for Job Difficult), "Pretty good" vs. '"Pretty bad" (6 and 1 for Job
Easy), "Better than Usual” vs. "It's worse than usual" (7 and 1 for .Job Easy
and 6 and 1 for Job Difficult), "It's a success" vs. It's a failure" (6 and 1
for Job Easy), and "Good stuff' vs. '"Bad stuff"” (7 and 1 for Jobh Easy and 8

and 1 for Job Difficult). Studies which have used "right" and "wrong" (or
similar terms) for information feedback about performance presumably have as-
sumed equivalence in their hedonic (and consequation) status, if they hnvc.mudo
any such assumptions at all, but these appear to be questionable. In partic-
ular, many terms that might be assumed to be hedonically positive {(and thus
favorable consequators) turned out, in this study, to be hedonically neutral,
or close to it, especially when respondents reacted to the task as an ecasy one;
these terms included "It's fine," "0.K.,” "It's correct,'" "You're right," and
"Thanks."”

Task vs. Personality Terms. The extreme reactions to personality terms

such as "Tdiot" (and also "Genius™) have already been noted.  The "lt's"™ itoms
might be regarded as task modificrs and the "You're" terms (including those
so impliced, such as "Moron!') as perscen moditiers. The comments presented to

participants failed to make it possible to compare systematically these two
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types. Indeed, those that the investigator had supposed to be hedonically
neutral and that were rated as such were all "It's" comments. The distinc-
tion deserves further inquiry.

Individual Differences. With a sample of only seven participants not
too much can be said about differences between individuals, except that even
such a small sample revealed substantial differences. Earlier summaries of
data have indicated some of these. Some were probably due to initial un-
familiarity with the rating scale. The ratings for .Job Easy, which was rated
before Job Difficult, had 26 instances of at least one rating four places from
the median among participants, whereas the Job Difficult ratings had only 8,
and there were 10 instances of extreme ratings both above and below the median
for the Job Easy task, 4 for Job Difficult. One participant showed a strong
tendency to rate items 9 when others rated them lower. Some rated an item 9,
others 5. Some terms may have created rating problems by being relatively
obscure to some individuals, such as ''ghastly," "laudable," "perfunctory,"
and "reprehensible.” Occasional individual ratings contrasted markedly with
those of other participants, such as a 1 for "It's magnificent," and a 9 for
"It's unobjectionable.'" Comments that produced idiosyncratic responses or
marked variance in responses should be purged from the list for any subsequent
use.

Discussion

Though this rating-scale study has not demonstrated that verbal reactions
by someone else to a person's task performance can function as verbal conse-
quators to influence the individual's subsequent performance, it opens the way
for investigating that hypothesis. As common experience tells us, it was
shown that such verbal reactions differ in the extent to which they affect
people hedonically, that is, the ways and levels in what peorle say they feel.
The empirical question is the degree to which such verbal comments exert in-
fluence as corsequators commensurate with their influence on hedonic self-
reports. Self-report mecasurement through rating scales can provide some basis
for selecting potential verbal consequators to investigate this question.

Although this exploratory study should be replicated on a wider scale,
with more participants and some revisions in the verbal rcactions, the present
study has suggested several significant factors to consider both in a more
definitive inquiry and in experimentation on the behavioral influence of ver-
bal conscquators.

(1) A comment from another person will be reported as arousing different
amounts of feeling according to the stated (and perhaps experienced)
difficulty level of the task toward which the comment has been directed.

(2) The same complimentary comment will produce greater reported hap-
piness when the task was a Jdifficult one than when it was an casy once.

(3) The same derogatory comment will produce less reported unhappiness
when the task was a difticult one than when it was an casy one.

(4) The same comment can produce differences in reported happiness or
unhappiness when tasks themselves ditter (thoough this conclusion was
confounded, in this study, by a ditftfercnce between the sources of com-
ments as well--a variable that mevits turther investigation).
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(5) Some terms (e.g., "wrong'") that have becen employcd as information
feedback in studies of the effects of knowledge of recsults seem to ex-
ert strong hedonic effects--which may or may not have confounded the
information variables in thosc studies, since their antonyms (e.g.,
"right") appear to have little or no hedonic influence. In short,
antonymous verbal recactions do not necessarily exert equivalent hedonic
impact, partly because the complimentary member of the pair may produce
little of this whereas the derogatory member may exert a great decal.
How general this bias is remains to be ascertained.

{6) People differ considerably in their rating reactions to the verbal
reactions of others about their task performance, even within a small

group of working women. The causes of such differences presumably ex-
tend beyond differences in handling a rating scale and in familiarity

with terms.

Rating scales of potential verbal consequators might serve another pur-
pose besides the experimental investigation of conscquation variables. They
might be able to distinguish among individuals with respect to their sus-
ceptibility to such variables, that is, the extent to which such variables
influence performance differentially among individuals. Thus, they could con-
stitute a personality test for measuring a significant human attribute that
has only recently begun to get attention among investigators of human differ-
ences, as in studies of internal-external locus of control. Ratings of verbal
consequators should be related, through studies with large samples of partic-
ipants, to demographic and other personality variables.

Because individuals can apply verbal consequators to themselves, and
probably often do so covertly, rating scales such as those in this study might
also be used to examine self-worth, self-esteem, and self-concept as these
vary in task performance. Likewise it is possible they could be adapted to
personnel selection in organizations.
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MAPPING OF CONSEQUATTON VARIABLES

- aw

One of the importunt by-products of experimental rescarch is the cog-
itation that results from hands-on work in addition to arm-chair verbali-
zation and along with the intellectual exploration that accompanies rcading
the research literature. Although consequation has often becen conceptual-
ized as a fairly simple construct {Law of Effecct, Reinforcement, or Knowl-
edge of Results), anyone starting to do experimental rescarch in this field
rapidly discovers it covers a very large number of variables and states of
variables. The present investigator discovered also that the domain had
never been fully mapped--that is, all the related variables and their states
had never been listed in one publication, though Mcister (1976) and Pritchard
and Mantagno (1978) have gone further than most.
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It seems important to have such a map so one will know wherc one is
going and not get lost--that is, know what variables might be considered for
manipulation and what ought to be controlled. In the course of the present
project all probable consequation variables and their states werc collected
from a large variety of sources, carefully categorized, and published in a
technical report, Variables in human consequation/fcedback. This report con-
sisted principally of four comprehensive tables. Since the technical report
is readily available, its contents will not be reproduced here except to list
the major hecadings.

* v v s w_v_

Table 1: Consequation/Feedback
A. Extent, Amount (7 subdivisions, 17 components)
B. Comparison (4 subdivisions, 15 components)
C. Type (2 subdivisions, 9 components) X
D. Source (5 subdivisions, 11 components) -

Table

9

Action Relationships ‘

A. Purposes, Effects of Conscquation/Feedback (4 sub-
divisions, 19 components)

B. Action Aspects (6 subdivisions, 37 components)

C. Action Relations (10 subdivisions, 35 components)

Table

(93

Potentiation Relationships
A. Potentiation Aspects (7 subdivisions, 12 components)
B. Potentiation Relations (3 subdivisions, 11 components)

Table J: Consequation Context
A.  Referent (5 subdivisions, 6 components) "

B. Receiver {2 subdivisions) "

Note: Many components have sub-components.

A further task would be to depict, to the extent rescarch provides ovi-
dence, how the many variables and their states are interrelated. That would
be a4 major projoct in o itsclt,
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DETECTION STuDY

This exploratory study investigated how various aspects of conscquation/
information beedback affected performance in a detection task. The task con-
sisted of finding on one sheet of random numbers differences (changes) from
the numbers on another sheet. The numbers were printed in ten rows on a
sheet. Feedback was varied in two ways: (1) An indication that the subject
failed to detect a difference within a string of numerals, shown immediately
to the subject reading that string. The subject reccived or did not receive
such feedback. (2) A comment at the ond of the row that appearcd if the sub-
ject had not detected a difference. There was (a) no comment, (b) the comment
"Miss," or the comment "Idiot." The word "Miss'" was presumed to he more or
less neutral hedonically, whercas "Idiot" had been rated by a number of other
subjects earlier as onc that would have made them extremcly unhappy 1f an
associate had used it to characterize a job they had donc.

Procedures

Indications that a subject had failed to detect a differcence consisted
of filled rectangles that appearcd under a numeral string if the subject ran
a special marker device under the string. The subject was instructed before-
hand to refrain from running the marker under a string in which he/she saw a
difference. Thus, the filled rectangle would appear only if the subicct failed
to detect a difference, and the subject would get immediate feedback to that
effect. There was no feedhack for false positives, where the subject re-
frained from underlining a string where there was no difference, but these
could be counted as well as the misses.

The subject was instructed that if a rectangle did appear, he’/she should
continue moving the marker from the end of the row to the edge of the paper.
In the condition of no comment feedback, no word appearcd.  In the condition
of comment feedback, either "Miss™ or "Idiot" appearcd, dependine on the v
perimental condition. Neither ot these, however, would appear unless the sub
ject had failed to make a detection.

The numeral sheets on which the subjoct used the marker were premarked
and preprinted with a chemical (ALB. Dick latent image orocess! that -miade the
rectangles and words invisible unless the marker passcd over thes,

Subjects were told initially that the eaperiment was c-=entially i oan
vestigation of pattern perception,  The right-hand <heet that the bt
marked had different spacings between strincs of nuserals tron the 1ot ond

page with which the subjecct comparcd 1t.  As the subjoct was intorred, th
spacings differed in the number of spaces and by nresence or abcnce ot 0 o
In addition, again as the subject wax told, the order 7 ftwe wtran SRR S
reversed.  The reason for the instruction abont pattern coveortoon et
duce the subject to scan a Tine fairly rapidly as thou bore vl 0 Tene e
print, and thus to minimize the mmportanve of Jdotectin Jodnos oo vt
numerals thomselves,  An o invi<able fitled caorcle was e owanbos O R
Jocation where there was a pattern ditference botueen the o0 v iy e
and the comparison (left-hand) papee. The sabacct woae tobb oo o i 0 vk
above cvery location wheve he/mhe noticed o pattern dice oy : ST ¥
order. Such detections would then be contir cd bt e 0 o I
circle.  FEach session bewan with pattern Jittorence vl
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Subsequent to ten onc-hour preliminary scessions pnvolving ten participants
(sec below}, two participants took part in this study, and a4 thard participation
was planned. For cach participant, there were nine onc-hour scessions, 1n one
case all on the same day with approximately ten minutes between sessions, in
the other case with intervals between sessions ranging from a half dav to
several days. The data had not been processed at the time of writing this
report. There were six eaperimental conditions, in the order ABCOEERLDC ) us
described in Table 1, with participants encountering swoven to nine paired
pages of random numcral~ per ~cssion.  Theo were timed fand told ~o) "to sce
how fast you can po through cach page,” starting cach page when the tmvesticator
said "Go" and announcing “tainished"” upon vomnletson, then nrocceeding to the noat,
They were also instructed to retrain trom vorng backward witian o row or to an
earlicr row. They were not told about any pattern
unti] just betore the session in which that feedbas courrod, and they wer
not told in advance about the end-of-row word tecdnao \tothe end of the
session they renlied to sy gquertes ahout the exverirent, ancltudine thorr
reactions to the different band. of teedback, whiooh o rated 0 o T rnodal
9-pornt scale exntending trom a <tatement that the foat ack made the sartioprant
“extremel, unhapy, "

or ndameral sten foodback
1
b

through neutral, to "extrenels hayoy,
Material«

Each shecet f rardos —arorils had ten rows, cadd row mver i i ton

strings varsing o lencth Crom tfour to 13 nusaorads 10 otrin., «athovadch
length represent bl oo rrogaenes s Thas s cach rew had e averace o
90 numerals~, varyins hetween N5 oand 0 and an o averaso ot DD wries o tet gl
between ~trines inclading Jdou™ e wpace s Poar o both the osrr ol ranchanood
sheets and the difreronce (chansed s <hoets, tinore wore S driiterent cloction:
of randorm numeral- on the sheets, four Ditfterent arrarn oron? ostraing o
these, and three Jifferent order- of the row  of the 7 oro cans lwe of i
random nuncral sclections were allocatd to cacn ~trirn. qrran. erent The
differences in the orders ot rows were nroce od ™ werd proce e tran
the typed copres of the other combinat ion Por otoe Cditterencd” heet
there were three ditterent locat ions o datiorercs or ol Thors were
1in total 30 Jiteronc s ~noer Y N TR I N AU O PO S T
ference sheet tatce.  Tach wubioct conconmtored e a0 arder o il

and ditference ~hect-0 The order was rande . o

Lach of the throo difference Tovatior arran cma vt 0 idigy shert w1

respect to nueber and topes of rano o, an tocar e tr L
randomly | by orotatan s throaeh che b o choe 0t T
quenttas iy nuehorel o strinc o, 0 in a0 rards s s o n N
difterent band o0 oY o bt e o Y v .
transposod naror ) TEAT O Gt o T reaer Ll N

SUTIny (IRt TuU~Ior L o ct e i ot gt T o T Lo A
nwneral witthoon o0 ot Pror oyt e ‘ S e

Space e RSt S S S RS A RO T S AU T ‘ :
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1
Table 4. letection study . Sessions and conditions.
]
1
't

9 pages.

Condition

A:

pattern roecoanition only and no foed-

back. Combinations o through 1 10 that orler.  No fecedback
on Changed jagen.  barloe anstruations.,

Sessaion 2: 9 opajen. Tonditicn bl pattern rocagnition o onl witiho o 1tem
feedbach. . Comdopnaty oo, o rthroudh o thar o b Poasdbaor

on Change:l pajer . Addditional sretru to oo (1.

Sessiorn Hopadges. Tondit oo At tern Teecwdnttrar Wittt 1tem feedback,
i ;
and chiar; ety taor oWt o feesdl oo, el i , ]
through «, and Foodb:ack on chatije 3 asn* Pirtoonal oan-

structorn,., U,

Sessior. 3. u o jage . T ondrtion rattern reooesna oWttt e b )
and hiarn e cbete L witr o stenm e iy e oLt i,
7 througl. ., und Foedbaok on nanger page o Sado oo nal Y
mnstructone. .
Sesui1or. b noopdeie andl it vattern v st oW ' T thae,
t :
and char Gete o tion with o stem focdiac g oL sow e iy
("MIsc™ . omblraat oot , 14 othroaats b, et s S RTETE S SR T
Changed jaden . *  Addrtional snstraction:s (4.
Sessz10n g jajes. Jonditron B pattorn reecognityoor Wt vrer e g h,
and chianage Jer ot g0 Wit atem Poa i e ant It o T E
("IDIT Pewedil o L v iod b IATC U TR A - ‘
through F4, and g, Foodbaor oo chanaed e * Aovdi ot el
instru ticn: (.4
Seswion pages.  vonsdition Uoar oan Ceasion ot et tore o, DR ey,
and c. Addrt ool v tractions (1.
Sess1ot Prautees, oty v D G an Sensron G ot oanat oo L, -,
and b, Addtioanal st oo
Session ' T pade s, ) S B I R O L P O R O
and a. Addrtionad v tract o :
o
*NOt: . haore g o et atem o roew beeeldl Ry ot R
Sessian Joor on the taret oand ot ! . : '
‘.
.
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and thrce of onc space between strings instead of two. (In the unchanged
sheets, two-thirds of the spacings between strings were single spaces, one-
third were double spaces). There were two instances on cach sheet of the
following: leaving a spacc and crecating two strings; insertion of a space
within a string, creating two strings, omission of spacing between strings,
creating one string instcad of two; and inserting a numcral between strings,
creating one string instcad of two. Pattern differences were allocated ran-
domly in the same fashion as numeral differences. There were 14 per page.

The production process consisted of marking off rows in a table of random
numbers into numeral strings of the various lengths. String lengths were al-
located by rotating the ten string lengths (tour to 13 numerals) through the
approximatcly 100 string positions on a sheet with a random number table.  As
noted, there were four different string arrangements, cach with two random
numeral sclections.  The eight divided-up random numbcer tables were typed into
a word processor.  The numeral and pattern differences were then put into the
word processor, after it first produced 10-row original sheets without them,
to create the difference sheets.  The word processor then produced two addi-
tional row arrangements (complcete vertical reversals and reversals within
pairs of rows) for hoth the oriyinal and difference conditions.  Thanks to
the word processor, retyvping of entire pages was not required for cither the
two row conditions invelving reversals or for the insertion of pattern and
numeral diftferences.

Preliminary Sessions

Due to the novelty of the technique of detecting differences among numhers
and patterns in comparing two arravs of random numbers, it was necessary to
conduct <ome onc-hour preliminary sess;ons with ten particinunt< {working
women in a suburban technical/industrial park), to gain familiarity with the
technigque.  Uncertainties included: (1) what proportions of misses (tailed
detections) mipght bhe expected: 12) how varving densities of differences
(percentices o) the numbers in an arrav) might aftect the mi<s rate; (3)
whethor ~ome hinds ot ditferences would result in more or fewer misses than
others, or perhaps virtually nenc, (1) how lony 1t would tuke narticipants to
compare tue array s, and o5 what would happen it time Timmats were placed on
the compari-rons.

Each parthcipant epceuntered pasred pases of 15 rows of random numbers

1D numeral- the —traine

Yenpths were rand v s ol o cace and there were caudl nustbor o of cach lonothy

Amonyg o oht ot the nartocreoant o ocach bad ot o rle e cene b vk o whore a0 oo ]

cach, cach row contarmins S~ to 10 ~trings of L otn

Or spaviant on o ore e retepcd trans the corre condy vl oy e ny an
the other 7o Pioove woere 1) 1) J0 ) S0, o s diitore ECEE NI Th e
ditterer o Coopratod Y s it rent o ray e L L S AT ST
amon, tho ditterences e e Vra i ar ot e o r e et tet gl
of pace Srrerons D I A EEIPE S B NS S SR S SN e R

as they conld ) the e o 0 L T N S A AR . teor

Joenrt oo Lty e e s b e e LETE S ! ' '

to o bor oach e ST Y B
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The results showed an overall median percentage of misscs (with no time
limit) at 30, indicating that this technique could produce a substantial number
of misscs; the medians across participants tor the three densitics were 20 per-
cent, 40 percent, and 29 percent.  The median among participants (with no time
limits) was 31, with a range from 16 to 40 percent; participant/density per-
centages ranged from 10+ 63 percent. There were indications that densities
of 20 and 315 resulted in somewhat higher miss percentages than the density of
10 differences per page, hut there was no cevidence that percentages inereased
with density above 200 The imposition of a time limit scemed to make littlce .
difference in the total of misses or of false positives, when mncompletion.
were not counted as misses.  Time limits that gave 530 percent less time teo
complete a page resulted 1o many incompletions, and the <amc conld occur with )
smaller reductions. It was apparent that imposing a time limit in this task
could be a tricky operation if it was desirable to avord incompletions, hecause
judging the appropriate linit would he difficult.  Misses were found to he
distributed amern, types of differences within a range of 19 to 23 pereent )
(except for two of the <pacing differences, which were missed much more tre-
quently). However, there was some variation amony participant~, All in all,
though these outcomes were based simply on inspection of the datu and should
not be viewed as conclusive, they aided the investipator in developing the
procedures for the ~tudy, Jdescribed earlicr, that would follow.  Ax an all prlot
worh, they alse produced some cautions: (1) Don't let participants point at

< scrutiny, and

changed strings with a pencil or a finger in a number-bhyv-number
(2) don't =clect as participants accounting or purchasing personnel who work '

PIR PR

with numbers all day long, cvery working dayv. .
o

Background -
In human information processing, a frequent and important task is the

detection of mistakes in alphanumeric materials.  This task occurs in the

self-detection of material being typed by secretaries and stenopraphers in

transcribing Trom shorthand, longhand, or other tyvped copy, or heing typed

by the authors of the material themecelves; and 1t occurs in post-typing

proofreading by clerical personnel, authors, printers, and professional X

proofreaders tor publishers. In naval and other military operations, tailure

to detect orrors commtted o preparing coded or textuoal material could result

in sone misfortune.  Bourne (1977) found that index-teram misspellinegs ranged y

as hrgh a< 23 percent anoa set of computer Jdata hases, .
For this studv, it was decided to take proofreadin . as o nodel of -
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very sparsc; an inquiry that included the local chapter of the International
Typographical Union and scveral professional cditors for organizations, as

well as the Government Printing Office, and USDA Graduate School (both of

which give courses in proofreading), turned up only a rather superficial text
by Lasky (1954). Thompson ct al. (1979) reported o study pertinent to the
present onc in which a typist proofread her own copy for errors and recorded
the error she found and whether the letters in which errors occurred were re-
turned to her for retyping. This post-typing sclf-monitoring resulted in a
considerable decrease of omission and substitution (but not grammatical) crrors
and of pages returned to be retyped.

The most significant paychological study found in the literature was In
Crosland (1921}, which was discovered after the preliminary work in this study
was completed.  Crosland inscerted into textual material from scveral types of
periodicals 14 kinds of typographical crrors, including mis<pcllings, punctu-
ation crrors, word omissions, and wrong type faces, with a density of about
100 or 50 per page.  His 30 participants, in five groups of differing experience
with printed materials, read and marked the errors they found. The overall
percentage of misses for three different hinds of materiuls with the higher
density were 25.7, 32.7, and 35.6, and the percentuage tor the lower density
was 43.4. Individual diftferences were extensive. The investigator's voluminous
report contains analvses of the etffects of different kinds of typographical
errors, ditfferent kinds of readers, rercading, and practice.

The present study was based on random numbers instead of textual material
because it had a within-=ubject cexperimental desion and it was necessary to
obviate the learning effects that would presumably occur 1 f partycipants en-
countered the same text repeatedly, with teedback about misses. It also seemed
desirable to exclude typographical errors that might depend on an individual's
educational leve!l and that might be subiect to "learnming” during the study,
such as spelling and grammatical crrors duce to ienorance. Certain other types,
such as type font and type crraticity, were also excluded as inteasihble with
typed copyv. lbmphasis was placed on errors that a participant-reader would
readily acknowledge as errors it they were pointed out to horo-because a
literate reader would assurcedly have lecarned the correct version carly in
life. To get a handle on these, various sources were examined, including
the errors Glass and Singer had introduced into the Jane Jacebs text.  Odd iy
a valuable source was the 27th annual report of the btreonomics Rescearch
Society (1976), which contained 100 typopraphical crrors,

Analyses of the sources showed that the types of muamcral orrors ment roned
carl'cr in the desceription of materials an the present study resresentoed the
most numcrous letter crrors to be found in textua ]l matoreal. D vr oo,
omi~ston or inscrtion of o nusicral noo strime ot pumerols oo ld reoresont
the omis<sion or 1nsertion of 0 letter 1o oo word, tranane-ption of two nnerals

could represent transposation of letters, and reoctiton ot 4 s cocral renctition
of a letter. Pattern ditterences an the arrace of narber were Jesoloned o
analovs ot textual pattern dittorence rev oy S L et gt ron, and
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’
CODING STUDY ;
[
The purposc of this study was to find out how various kinds of verbally .
aversive feedback (consequation) would affect accuracy performance in a cod- '
ing task. That task consisted of transformations between two alphanumeric :
i codes, including both cncoding and decoding, without c¢laboration or reduction
T and independent of categorization. The codes consisted of randomly sclected
numbers and letters, a tactic tnat has been favored before (Anderson, 1980). !
Since such codes are already well-learned in literate participants, it was
assumed thuat teedback would affect performance only and not also involve -
learning. As in other studies in this project, the random sclection ot dif- .
ferent but cquivalent code components would make it possible to generate in- -
put materials that the same participant could repeatedly encounter without '
memorizing particular inputs that would make subscquent performance easier.
But ads in the other studies, it had not been foreseen how difficult it *

would be to gencrate and present information processing problems to partici-
pants so they would continue to make cenough errors to reflect differential
effects from the states of un independent variable involving consequation. .
As a result, all nine three-hour sessions that were conducted, with eight
participants, were devoted to tryving to find a task that would occasion
enough errors, and the study never reached the point of introducing the con-
scquation variable. However, the process ot sceking a viable method to as-
sure participant crrors has some interest in itself.

The process took place in two parts. In ecach, the codes were the eight .
numbers 2-9 and 23 letters (A and Z being omitted), the same cight letters
occurring in cach problem. In the first, with seven sessions and as many X
participants, a participant encountered four pairs of rows, one row of numer- .
als and one row of letters, alternating in vertical order. The participant
started with one of the numbers in the top row, identificd the letter below
it, found this letter in another row of cight letters, selected the numeral
in the row under it, found that number in another row of cight numerals,

selected the letter under it, tfound that letter in another row ot letters, /
and selected the numeral under it. That was the correct answer. To register X
it, the participant found and marked it in an § x § matrix of numerals on the .
answer shect.  The participant did this for all cight top-row numerals. In )

these transtormations (encoding and decoding), the participant relied not on

memory of intercode translations but on similar positions in a row, which

kept changing.  Thus, the alphanumeric transtormation invelved position cod- /
ing, that 1s, sequential positions. Very few crrors resulted.  Speeding up

the process by giving small amounts of moncy as positive reintorcers for go-
ing taster or by taking money away for not going tfast cnough still failed to
produce many crrors. Participants reported they were trying to be accurate,
though they had received no instructions to this etffect.

A number ot alternative schemes were tricd out. (1) There were trans- y
formations trom numeral to numeral and trom letter to letter. That is, in
the tformer case a participant would scelect o number helow o number, tind the
corresponding number in another row, solect the namber below that, and so on, -

J) Rows ot numerals and fetters were displaced <o corresponding positions
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in rows (the coding transformation) were not vertically in line. (3) Let-
ters and numerals werc arranged in columns rather than rows. (4) New pairs
of rows were placed on successive pages of a booklet rather than on the same
sheet. (5) The participant had to make transformations between threc-number
units and three-letter units. (6) Participants had to procecd from right to
left instcad of left to right in selecting numerals initially. (7) A clock
code replaced the 24-letter code. None of these various arrangements raised
the error rate from 0-5%.

{8) An arithmetic operation was introduced. Each time the participant
made a transformation, he/she had to add or subtract one number or one
letter to get the next higher or lower one in sequence for the next transtor-
mation. (9) The total number of transformations was doubled or tripled by re-
quiring the participant to recycle through the materiual for ecach of the cight
starting numerals in each problem.  (10) Double recycling in combination with
the arithmetic operation generated the largest proportion of errors but these
included errors due to the participant's forgetting where he/she was in the
recycling process, a type of error different from simply making a transforma-
tion error. In addition, this procedure required five minutes per problem
of eight trials. (11) A preferable combination was a single recycle with the
arithmetic operation and some monectary rcinforcement to go fast. This pro-
duced 5-15% error. However, each problem of eight trials required three
minuies.

It was estimated that instead of the total time originally set aside
for testing the feedback variable, at least twice as much time would be needed
per participant (and for the coding task) with either a larger number of
shorter problems/trials yvielding the lower error rates or with about the same
number of problems/trials with cach taking longer and yielding the higher
error rates. An alternative would be to reduce the number of participants,
running cach of four or five (instead of ten) in a time-scries multiple base-
line design divided between the two arrangements.

In the two sessions of the sccond part of the exploration process, the
single participant encounterced 64 pairs of numerals and letters in blocks of
eight rows and eight columns. In a random tashion, in half the pairs the
numeral was first, in the other half the letter. No numeral or letter was
repeated within a row. It was thought this arrangement might lead to more
processing errors. The participant followed these instructions: the inves-
tigator wrote down the participant's responses:

When T say "Go," call out the first numeral in the top row. Immedi-
ately next to it is a letter. Find that letter in the sccond row.
Immediately next to it is a numeral. Find that numeral in the third
row. Jmmediately next to it is a letter. Find that tetter in the
next row. Procced in this way until you come to the bottom row. Call
out the numeral or letter you end up with,  That letter, or the letter
next to the numeral yvou called out, is the one that corresponds to the
numeral you began with.

Go through this procedure as fast as you can.  As soon as vou have
called out the bottom numeral or letter, start the procedure avain
with the sccond mumeral in the top row.  Repeat until vou have

started with all cight numerals in the top row. I vou start with
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the wrong numcral, I'1l correct you. You will be timed for euach time
you go through thce rows. Once you've procceded from one row to the
next, don't go back, even if you think you got mixed up.

The participant, who was not permitted to write anything down, traversed
each block eight times, and completed cight blocks (64 responses) without mak-
ing a mistake, except in the first two; the time to complete a block dropped
by 25 percent. The participant also made transformations starting with a
letter in the top row and ending with a numeral in the bottom row, with only
one error in four blocks (32 responses). In onec numeral-first and onc letter-
first block there was a space between numeral and letter within a pair and
two spaces instead of one betwecen pairs in a row and between rows. This spac-
ing had no apparent effect on error rate or time.

In a subsecquent session the task was made more compiex. The procedure
was similar, but the participant had to start with the two numerals in the
first two numeral-letter pairs, find in the second row the two corresponding
letters, paired there with different numerals, find those numerals in the next
row, paired there with different lctters, and so on to the bottom row of the
block. Numeral-letter order still varied within pairs. With this task the
participant began to produce a few errors and took almost threec times longer
to traverse a block. The increased load on short-term memory, combined with
the different numeral-letter orders, presumably was the cause.

To test the limits, the participant was instructed to follow the same pro-
cedure but with three numerals at a time, then three letters, then three
numerals, and so forth. The participant made more crrors, got ''lost' twice
and took twice as long as beforec.

In a further variation of procedure, the participant went back to single
numerals and letters at a time within a block but had to work with two hlocks
at a time. Parallel transformations had to be made in cach block (and, as in
all the other transformations, held in memory storage) before proceceding to the
next. In one traversal the subject got lost three times and made six errors
otherwise (out of 16 responses), taking about as long as in the three-numeral,
three-letter procedure.

A final procedure consisted of combining the two-numeral, two-letter re-
quirement with the two-block procedure.  The participant tried one traversal,
got lost, and said "I don't think 1 can do this."

Although this account can provide no conclusions, being based on one
participant and a small number of trials, it may point the way toward a coding
task with numeral and letter codes that would be diftficult enough to generate
errors for a test of conscquation etftects.
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