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ABSTRACT

Usiﬁg a paradigm designed to control for cognitive strategy; probabiiity and
confidence level, event-related potentials obtained to feedback stimuli kFB) in a
learning Situation were compared to those_obtained in'a guéésing situat;on.
Subjects were preéented'with series of two trials. On each triql, two visual
stimuli were bresented, gach containing two ériterié. In the exper{ménta1
condition, subjects had to use FB information providéd on each trial to cancel
irrelevant dimensions in order to learn the correct criterion within the two
trials df each‘series. In the control conditﬁon, subjects had to guess on each
trial which one of the two stimuli contained the correct criterion, and to
remember the nature of FB given on both trials of each.series. -A.greatef pbst #B
frontal negativity (350-550 1aFency range), ohly significaht for negative feedback
trials, was found for ‘the expe%imenta1 group compared to the control group. For
both groups, a significantly greater post FB positivity was found on the second
trial than on the first one; and this, whether FB was posit}ve o; negative. It
was suggested that the frontal negatiyjty Eould reflect se]éction‘an& monitoring)
processes invo]éed in the cancellation of dimensions, while the greater positivity
could be associated with the greater memory load impiied for both groupé following

second FB presentation,



INTRODUCTION
_ Event;re1ated potentials (ERPs)'have prbven-fo:be useful tools in the study

of e1eétrophysio1ogical manifestations of cognitive processes (Doﬁchin, Ritter, &
McCallum, 1978; Picton,. Campbell, Baribeau-Braun, & Prqu]x; 1978). " Their value
has been dependent upon the ability of a'parad{gm to focus on specific aspects of
the cognitive processes under study (Picton & Stuss, 1980). One promising aveﬁue
of research is the study of ERPs associated with feedback information prdcessing.
Evidence exisfs that the processe§ involved in hypothesis testing could be
reflected in specific ERP components iﬁ a general yet systematic mgnher {Donchin
et al., 1978). F |

Feedback (FB) may be defined in different ways. Some have considered
feedback as any stimulus thathonfirms or disconfirms a decision (Friedman,
Hakereﬁ, Sutton, & Fleiss, 1973; Sutton, Braren, & Zubin, 1965). Donchin et al.
{1978) have suggested, that a stimulus containing.data'about prior performance must
imply thé usé of iﬁformétion to alter future performance in order to be considered
* feedback.. To date, ERP studies dealing with feedback paradigms have used guessing

tasks (Donchin, ‘Kubovy, Kutas, Johnson, & Heraing, 1973; Friedman et al., 1973;

- Ruchkin, Sutton, & Tueting,‘1975§ Sutton et a].,'1965), perceptual tasks
{Campbell, Courchesne, Picton, & Squires, 1979; Johnson & Donchin, 1978; Ruchkin,
Sutton, Munson, Silver, & Macar, 1981; Squires,.HiT1yard, & Lindsay, 1973a) and
cognitive tasks {Poon, Thompson, Williams, & March, 1974; Stuss & Picton, 1978;
Stuss, Toga, Huéchisonﬁ & Picton, 1980). In a guessing situation, each trial
stands independently so that theoretically feedback information has re]ev%nce'on]y

for one specific trial. 1In both perceptual and cognitﬁye‘Eaﬁksmfeedback



information-dé]ivered'on one trial cgn'be used by a subject to adjust his way of
responaing on the next trial.

l _The main ERPs recdrded to feedback information processing have been conce;néd
with a tate positive complex df waves {LPC) recorded from about 250-300 msec-
fo11owing'the‘e1ﬁ¢iting event. -Evidence exists that the various LPC components
could reflect various aspects of information procesé{ng (Friedman, Vaughan, &
Erlenmeyer-Kimling, 1978a; Rdsler, 1981; Ruchkin, Sutton, & Stéga, 1980; Stuss ét
al., 1980; Stuss & Picton 1978) and could vary differently with feedback stimulus
meaning'depending on the paradigm used (Campbell et al., 197§; Stuss & Picton
1978; Stuss et ai., 1980). The following waves have been reported: P3, P3gg or
P3b recorded in the parieto-centra{ region of the brain at a latency éf 250-500
‘msec following FB ae1ivery (for review see Qanpbe11 et al., 1979); Py, recorded in

%;ognitiye tasks in the_parieto-occipital région of the brain at a latency of 650
msec (Stuss & Picton, 1978; Stuss et aT.,'1980); and, a slow positive wave (SHW)

which has been reported to be greater in various situations requiring

" "discrimination {Ruchkin et al., 1980; Rosler, 1981). So far the variability of

these wéves has not been studied in relation to types of’FB.f Moreover, fhg
results show that in order to delineate the contribution of the various LPC
components to information processing and relate their variability with FB meaning,
certain variab{es must ‘be controlled. Indeed the LPC, particularly Py, has proven

to be sensitive to the probabi]ity of receiving a given stimulus (Campbell et al.,

| 1979; Friedman et al., 1973; Horst, Johnson, & Donchin, 1980), confidence Tevel

* (Squires, H111yard, & Lindsay, 1973b) and cognitive strategy adopted by a subject

in dea1ing with the task (Friedman, ‘Ritter, & Simson, 1978a; Picton & Stuss,

" 1080).



The present study cémpared ERPs obtained in a learning situation,_whi@h
entails the use 6f.#B information from trial to trial, with ERPs obtained in a
quessing situation where each ‘trial stands independentiy. Moredver;‘in order to
increase the‘re1evénce of electrophysiological data, probabilify, confidence level
and cognitive strategy were controlled.: |

Resuits obtgined in FB stud%es prbvide us,with information concerning the
various soﬁrces of LPC variability. In-the usual guessing paradigm subjects are
requested to guess about the nature of a stfmu]us prior to its presentation (e.g.,
single or double c1{ck) and the nature of the stimulus presented confirms or
disconfirms the subjeét's prior gquess (Donchin et all 1973; Friedman et al.,

1973; Sutton et al., 1965). wh11e feedback information has re]evance on]y for one
specific tria1 in certain paradigms subJects can use the relative probability of
being confirmed or disconfirmed on a trial, given the nature of preceding st1mu1us
-or "outgome probability", to improve performance. For example, if presented with
two double clicks in a row, ‘a subject can guess that<he'w11i receive a single
click on.a third trial, thereby increasing the probability that he will be
confirmed on that trial. ‘The amplitude of P3 has been showed to vary with outcome
probability (Friedman et al., 1973)-rather than with simple probability and
stimuTus meaning (Sutton et al., 1965). Consequentiy, Campbell (1979) has
suggested that in a guessing paradigm P3 might reflect the effective information
content of a stimulus.

Perceptual tasks that have been designed to study ERPs associated with FB
have been mainly time eétim@tiop tasks {Campbell et al., 1979; Johnson & Donchin
1978; Ruchkin et al., 1981) 'ana parad{gms in which-ERPs were recorded to FB

following signal detections (Squires et al., 1973a). The main findings are



concerned with P3'which seems io be associated with the amount 6f information
gathered from FB rather thaﬁ with its me&ning {Campbell et al:, 1979). The
perceptual tasks han suggested_éhat the amount of information contained-in a
stimulus coﬁld be related to three main fagtors (ﬁqhnson, in press): subjectivg ‘
pfobabi1ity of reﬁeiving a g%ven stimulus (Campbell et al., 19?9), equivocation
(Rgchkin & Suttoﬁ, 1978) and task ihfdrmation (Johnson, in press; bicton et al.,
1978) . : | |
Canpbe11 et al. (1979) using a time-esfimation task in which the probability
of receiving a positive vs a negative FB was altered by changing the time-windoﬁ'
whereinua response was judged correct, found that P3 amplitude is related to
subjective probability of being confirmed or disconfirmed.. Subjective probability
is the relative probability of receiving positive vs negative FB given a
particular expectancy set. Expect;ncy was measured by subjects' confidence Tevel
in their decision prior to receiving FB. Contrary to earlier findings that had
suggested that a-disconfirming FB yields greate; P3 than a cohfirming one (Squires
et al., 1973a), Campbell showéd that highly expected FB, being positive or
negative, yields small Pis. He suggested Fhat-P3 might reflect the amount of -
subjectively relevant information rather than the meaning of the information ‘
prqcessed.'

This is cohéistént with find{ngs oﬁtained in studies using ambiguous stimuli.
In signal detection tasks using near threshold stimuli, P4 amplitude has been
found to vary with confidence level in a detection rather than with objective
signa1‘probabi1ity (Hillyard, Squires, Bauer, & Lindsay, 1971: Squires,‘Squires, &

Hillyard, 1975b). Highly confident hits were associated with larger and earlier

‘P3s than low confident detections. Ruchkin and Sutton (1978) -intrepreted those

o
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resu1ts in term of an equ1vocat1on theory They proposed- that as a stimulus

- becomes difficult to d1scr1m1nabe its effective amount of 1nformat1on is_ lowered

through information loss related to subject's a posteriori uncertainty of having

correctly perceived an. event.

-

A final determinant of P; amplitude is task infonnation'(Johnson,.jn‘press),

_which has been rarioo§1y called "intentional engagement” (Campbell et al., 1979)

and "stimulus meaning" (Picton et al., 1978). This effect suggests that
task-relevant stimuli can entail different dnformation loads depending on the task
used. Hence, the same 1mprobable'stimu1us elicits a 1arger P3 when it provides
feedback information than when 1t is simply counted (Picton et a]g 1978).

In sum, P; seems assoc1a;ed with stimulus eva]uat1on and is affected by
variables that alter the amount of sub3ect1ve1y relevant information contained in
the e11c1t1ng st1mu1us, such as probability and conf1dence level. Recent findings

suggest that P is re]atively unaffected by specific task process1ng requirements

of the eliciting stimulus, wh1ch are reercted 1n later canponents

( Duncan-Johnson, 1981; Frwedman et ah., 1978b; Rosler, 1981 Ruchk1n et al.,
1980) . '

Besides Pa, slow positive waves {SW) have often been reported in perceptual

tasks. The majority of studies to report SW were not FB studjes. SW was firstly

reported by Squires, Squires, and Hillyard (1975a) and Squires,-Donchin, Herning, .
and McCarthy, (1977) in counting.tasks in response to rare task-relevant stinoli.
It was recorded {n the 500-750 msec 1atency';ange as a positive going parietal and
negative going fronta1-phenomenon. Since then, it has offen been reoorfed in
assoc1at1on w1th Pa. . Although the SW over]aps with P, and,seene to respond

s1m11ar1y to event probab111ty and task re]evancy (Donchin et’ al., 1978; Squires
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et al., 1975a; Squires et a1.; 19775, it'éppéars to be a different caﬁponent from
Pg. It has a different scalp distrjbution, varies differently with experiéenta1
manipuiations and comes out as a different factor ih statistical analysis
{Friedman et al., 1978b; Picton & Stuss, 1980; Ruchkfh et al., 1980; Squires et

1., 1975a; Squires et al., 1977). Recent.findings suggest that the SW can
.increase (become more positive) with greater processing demands (Friedman et al.,
o7sb; Rosler et al., 1980; Ruchkin et al., 1980). |

" Only one study reported a SW in response to FB st1mu11 de11vered during a

perceptual task (Ruchkin et al., 1981). 1In a t1me est1mat1on task, FB was

« delivered by means of a single event or a combination of events. A first event

4
2

informed the subject whether the time interval was under or. overestimated; a
second event informed him whether the error magn1tude was within a correct 11m1t
(Positive FB) or not {Negative FB). In response to the second event, both a
parietal P énd SW were reported. Although widely distributed, SW showed similar
topography as in previous reports. In this.study, neither P3 nor SW was affected
by FB meaning wh{thsuggests that the processing requirements were similar for both
FB. ) a

Indeed, a few studies suggest that SW can vary with task brocessing
requirements. Ruchkin et al. (1980) compared ERPs obtained ina guessing task
with those obtained in a signal detection task. In the detection task subjects
had to report after stimulus presentation if they heard a single or a doub]eo
click. Reward and penalty were based on the correctness of perception. In the
guessing task, subjgcts were asked to Quess before stimu]us presentation about the
nature of upcoming stimulus. Reward and penalty were based on the correctness of

their guesses. In both the guessing and signal detection tasks P3 and SW

{
-



activities were reported. Nhi1g P3‘was unaffected by the tdsk, a significant
difference was found between SW topographic profjles e]iﬁjted in the guessing and
detection'tgsks. As usda11y reported; SW was positive at parietal .

sifes and negative at frontal sites in both tasks; however, {t was significantly °
more positive at the vertex in the guessing task than in the sighal detection
task. Ruchkin suggested that following an 1ntermed1ate stage of event eva1uat1on
indexed by P3 and similar in both tasks, SW could-reflect a final evaluation
proceés that could be more complex in the gﬁéssing task than.in the detection
task. Indeed, while subjects' reward in the detection task was based‘upon a
response given after the stimulus event, in guessing task subjects had to compare
their actual perception of the stimulus event with their prior guess in order to
determine whether they would betreﬁqrdgﬁ.or penalised. The suggestion that
specific task'procesginq requiréneﬁfélrorld be indexed in positivities that follow
P3 is supported by a separate study (Friedman et al. 1978b) |

These authors also recorded a late pos1t1ve wave (P539), defined- as a peak
measure that followed the usual P3 in a counting task. The fact that P3 Tatency
did not change with processiﬁg demands while P539 latency was longer if subjects
were asked fo count repeated number; %n a sequence than if asked to caunt a
specific number, led them to believe that P3 could be related to task-relevancy
and stimulus probability, while later positivity could be related to response
selection or other cognitive activity involved in the discrimination process.
Similar suggestions can be made from findings obtained with paradigms that

used cognitive tasks. Nhiie'éome FB studies using cognitive tasks have reported a

greater P_ amplitude to disconfirming FB (Poon et al., 1974; Stuss & Picton,

3
1978), recent findings suggest that if subjective probability is controlled, no Pa



difference occurs between positive and negative FB (Horst et al., 1980) . However;
differential proceséing requirements assogiated‘with positive'and ﬁegative FB ip
cognitive tasks have been faund to affect the amplitude of positive canpongnts in
the later latency range (Stuss & Picton, 1978; Stuss et al:; 1980):. -

Stuss.and_PictOn (1978) presented complex geometrical figures incorporating
several informational cues. On each trial subjects formulated an hypothesis as to i
the correc£ soLting criterion and recei;ed an auditory FB so that they could alter
their hypothesis until they learned the correct concept. As well as .a greater P3,
a parieto-occipital P (méan latency = 647‘msec) was found in false FB trials.
This late positive wave appeared to be a distinct phenomenon from P3 since it ' '
showed a more posterior scalp distribution and since it was especially large
during periods of continual errors, disappearing when'subjects became familiar
with the task. These authors suggested that Pq could reflect FB utilization
fo110wing‘Fé stimulus evaluation that could be indexed by P3. They also suggested
that the Py éhenomenon-cou]d have been more active at the beginning of the task,
in the ﬂlearning to learn" phase (Stuss, 1976). In a further study (Stuss ef.al.,
1980}, this time using auditory concept'formation and 'visual FB stimuli, Pg was
again reported as a parieto¥occipita1 bhenoﬁenon. The fact that scalp
distribution was similar to both FB modalities led the authors to suggest that Py
could be modality independent and related to the change of perpeptﬁa] processes in-
the 1ight of FB information.

The relevance of positive waves occurring later than Pj in learning
situations was further illustrated in Rosler's learning study (1981). 1In this
study, subjects were presented with two slides each il1lustrating one attribute and

used FB information to learn different stimu]us-?esponse associations. ERPs were



recorded to slides pres¢ntations. The author found -long term habituation of P4,

that is, with increased practice P4 amplitude decreased, suggesting a decrease in

the amount of information with repeated'stimu1us presentgtions. However, a

greater positivity in the 350-750 msec range was found fo]Towing the second slide
canp§red to the first one. Since response was reqﬁired oniy after the second
slide, Résler suggested, as did Friednan et al. (1978b), that the SW coufd be
associated with response.selection. |

The &ifferéntiatioﬁ of the LPC is unclear (Picton & Stuss, 1980; Roth,'1978).
For example, whether the P539 (parietal maximum but also seen at cgntral and |
oécipita] leads) recorded by Friedman et al. (1978b) is similar to the P4 wavé-
reported by Stuss and Picton (1978) and Stuss et al. {1980) also reported as a
peak measure, or part of SW as suggested by Résler (1981) is difficult to
determine. Few studies have reported positivities after P3 gnd variatfons in
meagurements‘make-it difficult to evaluate their equiQa]ence across paradigms.
Moreover, evidence exists that paradigms can differ in their ability to facilitate
temporal dissociation of components (Friedman et al., 1978b). 1In that respect it
has been suggested that the recording of LPC components could be facilitated if
cognitive strategy was controlled (Picton & Stuss, 1980; Stuss, 1976)}. The
present paradigm was designed to control for cognitive strategy. By rendering
equivalent across subjects the way they would use FB information it was hoped to
facilitate LPC component dissociation and to gain insight in ERP differences that
could be expected on the basis of FB meaning.

Evidence exists in concept formation research that it is possible to control
for cognitive strategy (Bruner, Goodnow, & Austin, 1977; Laughlin, 1973; Levine,

1966). In his studies of hypothesis behavior, Levine {1966} designed a concept
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formation tésk that has been shown to éncourage a focusing strategy. Focusing
impliés that a subject takes the first positive ihstanée as a working hypothésis
and that he uses subsequent FB, being positive or negatiye, to cancel irrelevant
dimensions (Lauéﬁ]in, 1973; Levine, 1966; Smalley, 1974). By opposition, a

scanning approach implies that a subject is testing an hypothesis, keeping it

until he encounters a negative FB. From an information processing point of view,

focusing implies that positive as well as negative FB can lead the subject to be
actively processing information. However, Levine suggested that negative FB
entails a greater amount of processing i.e., while on correct trials a subject can
usé the material just coded as a working hypothesis, disconfirming FB implies that
a subject recodes information, that is, selects from storage the complement of the
just coded material. -The paradigm used in the present experiment is similar to
Levine's task. The main difference between the two tasks is in the number of
trials used. While Levine used féur to six trials, he showed that for someone
using a focusing approach only two trials were necessary to do the task. The
present experiment used only two trials. An additional advantage of using that
type of a task and only two trials was that it is thought to control for
subjective probability of being confirmed or disconfirmed on both'tr1a1s, for both
groups (see Methodology).

Thus, research suggests that P3 1is related to the information value of a
stimulus, that is, to its subjectively determined amount of information. Certain
types of tasks require extended processing and the use of feedback to reevaluate
responses for subsequent trials., This extended processing has been suggested to

be reflected in waveforms that follow Py . Moreover, researchers have suggested



that the recording of these late waves might be faci]itafed'through the controi of
cognitive strategy. .

Although the use of FB following FB evaluation has been associated with late -
positivities such as P4 and SW, in non-FB studies late négative waves have a1so.

been associated with extended processing (for a review see Rittef, 1981). Of

. particular interest is a negative wave associated with semantically incongruous

_words in linguistic studies. This wave; termed Nggg, has been recorded in the

latency range of 250-500 msec (Kutas'& Hillyard, 1981). While Nagg was ﬁiptijy
thought to be a.linguistic phgnomenon (Ritter, 1981), a simi]ar'N400 with a
fronto-central distribution was recently found in a non-linguistic task (Sthss,
Sarazin, leech, & Picton; manuscript in preparation}. These authors suggested
that it could be implicated im “the activation of frontal monitor%ng system
necessary for the supervision of complex perceptual process1ng Since the
fronta] lobes have theoretical relevance in sorting tasks, this: waveform may be
reflecting required extended processing.

In the present experiment, ERPs were obtained in a 1éarning situatiﬁh and
compared to ERPs obtained in a guessing- situation. To succeed in the learning
task subjects had to use FB information from trial to trial. By opposition FB use
was irrelevant to succéed in the guessing tasﬁ since each'trial stood
independently. Our main interest was to study how ERPs would reflect the extended
processing rgéuired in the learning condition compared to the guessing one. Of
secondary interest was to study how ERPs would vary with FB meaning .(Positive vs.
Negative FB) in these two settings.

Since the paradigm was designed to control for yariables, such as

probability, that are not specifically related to learnﬁng, no P3 difference was
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_ expected between groups. The extended monitoring requiréd in the learning

condition compared to the guessing one was expected to be reflected in the
waveforms that fol]oQ P 3 . However, whether this difference would occur in the
positivity or negativity that follow P3 was difficuit to dgterﬁine. Indeed,
while extended procéssing has been associated with late positive waves in FB
studies, similar processes have been associated with late negative waves in non-fB

studies. ‘ ' -



13

METHODOLOGY

Subjects

Twenty right-handed males, aged from 25 to'39.years old (X = 29) were
randomly assigned to the Experimental and Contro]-conditions. They were asked to
avoid any kind of drggs for 24 hours.and to get a good night sleep before the
experimentation? Handedness was assessed using the Edinburgh handedness Inventory
(01dfield, 1971). All subjects compieted: a p%e-experimeﬁtal qugstiohnaire to

control for neurological and mental disorders (Appendix 1).

Experimental Procedure

For all subjects, 100 series were-presented, two trials in each series. Each

trial was presented in a similar manner (Fig. 1). A warning tone {rise time -

= 10 msec; duration = 50 msec) was presented at a variable time -between
synchronization pulse (SP) and picture onset (from 0.4'to-0.9 sec after SP). The
interval between SP and picture onset was fixediat11.3 sec. An informative
picture was presented for 500 msec on a TV screen. Response window was 1 sec

fo]]owing'picture onset. An auditory FB was presented 1.7 sec following picture

offset (rise time and duration equivalent to WS). Positive FB was sighifieq by a

500 Hz tone and negative FB by a 2000 Hz tone. Trials were experimenter-initiated
every 10 ta 12 sec.

Informative pi;tures were presented on a 39 cm fv'screen situated at eye
1evé1, 235 c¢cm from the chair. Size of the informative stimulus was approximately

14 cm by 7 cm. Both FB tones had an intensity of 93 db SPL.

,\
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Experimental Methodology. The middle portion of this fi@ure iTlustrates

the“general timing of the experiment. The averaging sweep started 1 sec

p

prior to FB and lasted for 3 sec. The upper right portion illustrates a

sample recording taken from the vertex from an experimental subject

during the second trial when negative FB was delivered; the tracing is

the average of 48 trials for subject P.F. The dependent measures that

were taken for analyses are numbered and jdentified in the upper left

portion of the figure. The lower portion shows an example of a series.
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Visual Stimuli

On eﬁch trial, subjects from both grouﬁs were presented with an informative
picture consisting of two geometéicaf figures; a trﬁangle and a square; one shaded
and the other .one unshaded, aligned hqrizoﬁta11yA(Eig. 1). Each informative
picture therefore had two relevant ckiterié, eaEh containing twd poésip]e
dimensions: shape (triangle, square)} and color (black, white). On each trial the
position of a specific figure was }andom. Within a series of twoltriﬁis, stimuli
were paired as follows: on each trial, each dimension of a criterion was paired
with a different dimension of the other criterion. Thus, if on the first trial
the triangle was white and the square black, on the second triél the triangle was
black and the square white. Givén those restrictions, the total number of series

g

was eight (Appendix 2). o ' : | :

Conditions

in the Experiménta] condition, subjects had to learn w{thin the two trials of
a series which one of the four criteria had been randomly preﬁetermined as correct
{e.g., Black, in Fig. 1). Following picture presentation on the first trial, they
responded according to their hypothesis by pressing one of two buttons, one each
fo} their index and middle finger of their right hand, corresponding to the
position of the stimulus on the screen. They then received FB informing them %f
the stimulus chosen contained the correct concept. For example, the subject
pressed the left button on the first trial (e.g., Black triangle in Fig. 1), and
received a'positivé FB. Using FB information on the second triq], they were able
to Tearn the céfrect concept} For example, subject pressed the right button

(triangle) on the second trial and received a negative FB leaving Black as the
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answer, Thus depending on FB on the first trial, subjects renenbered‘thé chosen
stimu1ﬁs.or its.complement. Memory load was greater oﬁ\the second trial since,
independently oleB, they had to recall the first trial infonndtion to cancel an
additional irrelevant dimension. FB was only de1iveted if subjectsc;espo;ded
within the response window time. The fnterval between trials and series was 5 to
6 sec. At the end of a series subjects reported the learned tpncept together with
the confidence level in their j;&ﬁsion (High, Low). |
Probability of being conf{rmedlor disconfirmed on each trial'was 50-50. For
the first trial, each one of the two stimuli contained two out 6f'the four
possible concepts; subjects had an equal chance of being coﬁf{rmed or disconfirmed

whether they chose the right or the left stimulus. At the beginning of the second

trial, two hypotheses remained possible. Since each stimulus contained one of the

' remaining tenable hypotheses, the probability of being confirmed or disconfirmed

was 5150 50-50.

Motivation was controlled in the fbl1owing manner: subjects won .05¢ each
time they answered correctly at the end of a series ana lost .02¢ each time they
did not.

While the arrangement of stimuli has been shown to enco;rage a focusing
strategy (Levine, 1966), this was assessed during the experiﬁent. Subjects were
requested to advise the experimenter at which time during the experimentation they
decided how they wduld handle the task and to explain.their strategy. Verbal
reports were noted by the experimenter. In order to control for the anount of
information provided on each trial, specific 1nstru§tions describing theqphysical
nature of stimuli and criteria were given during the practice period (Bruner et
al., 1977). This procedure was equated in the control group. General

instructions for both groups, during the practice period, and specific ones for

each group during the experimentation are given in Appendix 3.
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To prevent carry-over effgcté (Edwards, 1972), different subjects were used
in the Control cond{tion.'.Subjects were presented with the same series as for the
Experimental group. .On eacﬁ trial, bne of the four critefia was randomly
determined as correct. The subjects' task was to guess on each trial which one Of‘
the two stimu]i'(LEfﬁ or Right): contained the correct criterion and to remember
the nature of the FB received for both trials of each series. At :he end of a
series {after second FB) they statéd the nature of the FB received on both trials
together with their confidence level that they remembered correctly (High, Low).
Thus, as for the Experimental group, the memory load wés”greater on the second
trial since, to succeed’in the task, first trial information had to be recalled
following second FB presentation.

Since each response was a guess, FB was relevant to only one specific tri%T.
Probability of being confirmed or_disconfirmed was equal on each trial since two
stimuli containing an equal number of criteria were presented. Thus for both
groups probability of receiving a Positing vs. a Negative FB was 50~50; on each
trial. |

In order to insure that subjects would be attentive to FB, they were paid
.05¢ each time they remembered both FB at the end of a series and Tost .02¢ each
time they failed to remember both of them. Thus, whether they were right or wrong
in their guess was irrelevant. However, in order to ascertain that the nature of
FB received on one trial did not influence their next response, subjects verbally

described their strategy for completing the task at the end of the experiment

(Appendix 4).
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E1ectrophys1o1og1ca1 Record1ngs

E1ectroencephalograph1c activity (EEG), was recorded us1ng Beckman 16 mm
Ag/AgC1 electrodes fixed to the scalp with gauze and collodion. The skin was
c]eaned‘and_SCratched to prevent skin pofgntia] artifacts (Pfcton & Hi11yard;
1972) . Acceptab1g impedance level, measured with a Grass 10 impedance méter, Qas
less than 1 KOhm. Electrode placement was as.fd1low: F3, F4, CZ,.P3;-P4, OZ,I
according to the 10-20 System (Ja;per, 1958),'referred to linked sternum/C7
electrodes (Stephenson & Gibbs, 1970). The vertical electro-ocu]ogfan (E0G) was '
measured with supra- and infra-orbital electrodés. Horizontal EQG electrodes were
placed at left and rightlexterna1 canthi. A ground éiéctrode'was placed on the
left arm. EEG and EQG activities were ampliified usfhg”a Beckman R 611 Polygraph
and Grass 7P122 amplifiers modifiéd tﬂ have a 6.6 second time-constant. -High
frequency cut off was 30 Hz for the Beckman and 35 Hz for the Grass amplifier.
EOG amplification was half that ofla11 the other channels.

Prior. to averaging, all trials contaminated by EOG artifacts were-rejected
(Picton & Hillyard, 1972). Only the trials where subjects answered correctly at
the end of the series with high confidence were accepted for averaging. Trials
were averaged according to condition (Experimental & Control), trial number (first
‘& Second) and FB (Positive & Negative), sp that‘for both groups, evoked responses
were divided into four categoriés: First trial FB positive, First trial FB
Negative, Second trial FB Positive, Second trial FB Negative. First and fourth
quarters, and second and third qqarteré were combined for averaging to provide
replications. Dependent measures used in statistical analysis were the total of

both replications. _



Dependent Measures

The averaging sweep started 1 sec prior to FB and lasted for 3 sec. Baseline
waslafbr{trarily determined from the mean amplitude recorded in the first 200
msec fol1ow1nq the initiation of the averag1ng sweep. The following nine
dependent measurements were selected for ana1y51s and measured relative to the
'def1ned base11ne for each subject over the four categories of averaged responses.

The ueper portion of Fig 1 illustrates those dependent meeSurements.

1. é;e‘F85CNV " - Average deviation in the 200 msec preceding FB onset.

2. N]*‘ - Maximum negative peak in the 75-150 post FB onset. Peak
latency was def1ned at CZ Anp11tude at all other
electrode areas was measured at the same latency.

3. 53‘ { 5 ? Maximum: positive peak in the 250-500 msec post;FB onset.

4. Pg. ' - Maximum positive peak in the 500-700 msec post FB onset.

: . | For both P3 and Pg,. peak Jatency was defineé as the average
“ . ] peak latency at P3 and P4 electrode sites.. The amplitude
at all other electrode areas was measured at iﬁis averaged

latency.

Frontal negativities. An index of the post FB negativity was téken within
- two ranges, | j
5. FNgop - Maximum negative peak in the 350-550 msec post FB.
6. ‘FN600 ’ - Maximum negative peak in the 550-750 msec post FB.
‘ ' For both FNggp and FNggg, peak latency was defined as the
averaged peak latency at F3 and F4 electrode sites. All

other electrode areas were measured at this averaged

latency.
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Late slow positive waves. An index of the late positive activity'was taken
at each derivation from the maximum positive averaged smoothed deviatior within
three ranges.

7. LP800 ~ averaged deviation in the 700 to 900 msec post FB.

8. P10 - averaged deviation in the 900 to 1100 msec post FB.
9. LPygoo - averaged deviation in the last 400 msec of the averaging
sweep (1600-2000 Post FB). o T

.

Statistical Ana]ysis

A two factor univariate analysis of variance wjth repeated measures on one
factor (BM2P-P2V, Dixon & Brown, 1978) was used for each dependent measurement,
according to the basic hypothesis.

The factors were: A) CONDITION (Experimenta1 and Control); B} TRIAL
(First and Second); () FB (Pesitive and Negative); and, D) ELECTRODElPLACEMENT
(Cz, 0z, F3, F4, P3, and P4). The following analyses were completed.

1. GROUP x FB. MWithin each trial . (First and Second) a two way univariate
ané]ysis of variance with repeated measures on one factor was done. The fixed
fact0r4was CONDITION and the repeated one, FB. This was performed at each

electrode placement.

2. GROUP x TRIAL. Within each FB (Positive and Negative) a two way

univariate analysis of variance with repeated measures on one factor was done.
The fixed factor was CONDITION and the repeated one was TRIAL. The analysis was

also performed at each electrode placement.
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Accepted 1e§e1 of significance was set at p 5-0.05; Significant main effects
were analyzed using Tukey's "honestly significant differencé_statistic“. ‘When
significant interaction occurred the procedure for testing simple main effects
" followed that of Winer {(Winer, 1971, p. 544). Degrees of freedom were 1 for the

nunerator and 18 for the denominator.
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RESULTS

Behavioral .

>After approximately 15 series, subﬁects from thelExperimenta1 group repofted
their strategy. A1l subjects reported using a focusing strategy in dealing'with
the task. On the first trial, most of them responded in a fixed manner ( four
according to shape; five.according to position). On this first tria1; if positive
FB was delivered thgy remembered their choice stimulus and if'negative FB was
delivered they remembered the comp]émentary one, Both positive and negative FB
required registration in memory of two dimensions and retention of this
informat{on for comparison to the second trial outcome. For most of the subjects, -
the motor response on the second trial Qés according to thehéane fixed maﬁner as
for the first-one. On this second trial both FB signals required comparison of
the choice stimulus with the information in memory fﬁg the first trial. Positive
FB entailed passive exclusion of one dimensipn wh11E'§Zgative FB entailed actiﬁe
exclusion of one dimension. Approximately 90% of the series where subjects could
not find the correct criterion occurred in the fifteen first series. Wrongly
answered series were automatically rejected from analysis.

Two out of the ten control subjects reported having responded in a completely
random fashion on both trials of all series. The remaining subjects reported that
they tried to respond in such a way that they would receive positive FB to one or
both trials of a series. Some reported having done so for 30% of the trials,
others for all trials. The general method used was to calculate the probability
of being confirmed or disconfirmed over a fixed number of trials (from 2 to 6
depending on subjects), and to respond accordingly. About 5% of the series were
rejected in the control group becaus® subjects failed to remembgr the FB received

to one or both trials of a series.{;
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Grand Averageﬂ Data and Statistical Results

In both groups, 10 to 50% of the trials were réjected because of EOG
artifacts. GROUP x FB analysis revea1edla significant Pre FB-CNV interaction.
Within the second trial;'Pre FB-CNV were equivalent exqeht for the Experimental FB
Positive category, which was significantly more hegative af one electrode area.

No a priori reason existed for such a difference which suggested a possibie
confounding effect of baseline. All subsequent gtatistics were completed’
subtracting the CNV frém each dependent measurement at a11'e1ectrode placements,
The original means and standard deviations for the all dependent measures across
CONDITION, FB, TRIAL, and ELECTRODE placements are presented in Appendix 5. The
revised means, i.e., after Pre FB-CNV subtraction, are presented according to
their scalp distributions across categories of averaging for each group in
Appendix 6. The following resu]té are based upon the revised scores, énd figures
are done using CNV as baseline. F tables of significant results are presented in
Appendix 7; ‘

Fig. £ (A, B, C, and D) shows superimposéd grand averaged data for each
group obtained at a1] electrode areas, for each of the four categories of
averaging. P3 (mean latency = 352 msec for the Experimental group and 341 msec
for the Control group) was consistently recorded max%ma]Iy at both pqrieta1'1eads.
A clearly defined P4 (mean latency = 585 msec for the Experimental group and 574
msec for the Control g}oup) was preéent in half the subjects in each group. P,
was recorded as a parieto-occipital phenoﬁenon, of maximum amplitude over the left
hemisphere except for the control group on the first trial where it was maximum at
both parietal leads. P; was negative or near baseline frontally. LPggg was also

recorded as a parieto-occipital phencmenon and maximum over the left hemisphere.
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Fig. 2:

A-B-C-D. Superimposed grand averaged data for each groﬁp obtained at all
electrode areas for each of the four averaging categories: A) First
trial Feedback Positive; B) First trial Feedback Negative; C) Second -
trial Feedback Positive; and D) Second trial Feedback Negative. A
greater frontal negativity for the Experimental group than forlthe
Control group was apparent within the four categories of averaging. The
Experimental group also showed greater posterior positiv{%y,'esbecia11y

during the Second trial,
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LPlOOO was recorded as a positive Qave with parieto-occipital maximum on the first
trial, becoming more widely distributed yet still maximum posferiorTy‘on the
second trial. LP1800 was of sna11 anplitude on the first trial and a widely
distributed positive wave on the second trial. Both FNggq and FNgyy were
recorded as frontal negative phenomena, being positive posteriorly. FNgqq Wwas of
small amplitude at CZ and FNgyq was negative on the first trial at CZ and

positive at this electrode site on the second trial. f

I. GROUP x FB

Within First trial. No significant'main or interaction effects were found at

any electrode placement.

Within Second trial. There was no significant main group effect on any of

the dependent measures. No main FB effect or interaction were-found for N], P4,
FN400, FNGOO‘ "For both groups, a significantly greater positivity, as indexed by
the variables P3 s LP]000 and LP]800 R waslfound in response to Positive FB-
compared to Negative FB at CZ only. .This was also significant for P3 at the P3
electrode site, |

Conversely, at 0Z only, LPgop was significantly greater for Negative FB than

Positive FB for both groups. Significant interaction effects were found for P3

- at F4 electrode site, LP]800 at P3 and P4 electrode sites. Simple main effects

showed that at the P3 electrode site the variable LP1a00 was significantly greater

to Positive FB than Negative FB for the Experimental group only.
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»

IT1. GROUP x TRIAL

Within Positive FB. There was no significant groub_difference indepéndent of
trials on any of the dependent measures. While no main trial or interaction
effects were found for ﬁ] and FNgqg» Post FB positivities in general were

‘ significantIy greater on the second trial than on the first one for both groups.
This was indexed by the following variables: P3 {at all electrode sites except
F4); Pyq (at cZ, F4, P3 and P4); LP500 and LPyq00 (at a]] electrode sitesAexcept
0Z); and LPygog (@t all electrode areas). FNggy was also significantly more
positive on the second trial at CZ, F4 and P3. Fig. 3 shows superimposed data of
each trial from an experiment$1 subject at all electrode areas. No signifjbant
interaction was found. In sum, for both groups a greater positivity was found on
the second trial than on the first tria1 when positive FB was de]?vered;

Within Negative FB. A main group effect was found for FNgpg which was

significantly larger for the Experimental group than the Control group at F3 and
F& electrode sites regardless of trial. Fié. 4 (A and B) shows the superimpbsed
datémgg\Ewo subjects, one from each grouﬁ, obtained at all electrode areas oh each
trial. Possibly because of common variability with the frdnta] negativities, P4
was also significaﬁt]y more negative for the Experimental group at the F4
electrode site. Another main group effect was found for LP,q,g which was more
positive at 0Z for the Experimental group.

No main trial effect or interaction were found for N, and LPjg4qresponses.
Although not as pronaunced, the greater positivity found on second trial within
Positive FB also appeared within Negative FB: P3 (at all electrode sites except

F3 and F4), 'P4 (at P3 and P4}, LPgyq (at F4) and LPyga, (at all electrode areas
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Fig. 3:

R oL PR PP ————— . . -
Nmrte o S IR T - N A

Superimposed averages of First and Second trial data obtained at all
electrode placements by an Experiment subject‘(G.L.H.) when Positive FB
was delivered. The tracing for the First.tr1a1 is the average of 52

trials and the one for the Second trial is the average of 34 trials.
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Fig. 4: A-B. Superimposed data of two;shbjects, one from each group, obtained at
all electrode placements dur{;g Negative FB trials. A) First trial
Negatiﬁe FB; and, B) Second trial Negative FB. The Control data (C.R.)
are the average of 45 trials for the First trial and 35 trials for the
Second trial. The Experimental data (R.N.) is the average of 37 tria1§.'

" for-both the First and Second trials. . : :
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except 0Z). This greater poSitivity for the second trial was also found for FNaoo
posteriorty {P3, P4, 0Z) and for FNegp at all electrode areas. A significant
interaction was found for the P3 variable at F4 electrode site. The simple main
effect showed that P3 was greater on the second triaT for the control group only.

In sum, as for the results obtained to Positive FB, a’greater positivity was
. found for second trial than first trial to Negative FB. The Experimental groﬁp

showed greater frontal negativity than.the Control group on both Negative FB

trials.
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DISCUSSION

AFeedback is an common way of updating and monitoring performance.

Controlling for various factors, this research attempted to study ERPs to FB use
in a concept formation task,land assessed‘the effects of relevance of FB (Guessing
vs Learning), FB meaning (Positive vs Negative), as well as FB order (First vs
Second trial).

The processing demands imposed by the task in the Experimental condition were
clearly di%ferent from those imposedlin the Control condition. In the Control
condition, subjects were asked to guess on each-tria1 of a series which stimulus
contained the correct criterion and to remember the nature of FB delivered on each
trial. Thus,-FB was relevant for one specific trial and theoretiéa]]y, whether FB
was positive or-negatiye, was.irre1evant for future responding. Since subjects
reported their verbal response at the end of eacﬁ series, the memory load was
greater following second FB presentation as they had to remember FB information
from both trials. On each trial in the Experimental condition, |
subjects had to use FB information to cancel irrelevant dimensions in order to
learn the concept. Both positive and negative FB could be used to cancel
dimensions but negative FB required a greater amount of processing since it
implied active exclusion of dimensions (Levine, 1966). Memory load was also
greater on the second trial since FB use on Ehat trial entailed a comparison of
the choice stimulus with the one in memory from the first trial.

In spite of the difference in the relevance of FB for future responding
(Guessing vs Learning), no group differences were found in late positive waves, as

previous FB studies would have suggested (Stuss & Picton, 1978; Stuss et al.,
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. 1980).“Contrary to previous studies, however, the present one intended to control

for a variety of factors. For both groups, the probability of receiving a givén
FB stimulus was equal on each tria1l _The paradigm also controlled for cognifive
strategy, and subjective reports were used to complete this assessment. Moreover, _
an attempt was made to control for confidenqé level and motivationa1‘factor5. The
fact that no group differences were found in late positivé wave might then be
attributab]e'to fhe elimination of important sources of late positive wave )
variability through the‘contro1 of the variables just-mentioned. However, the
absence of group differences in late posit%vities might also be due to the
behavior of the Control subjects, whose responses were affected by FB meaning.

In sﬁite,of this diff{cu1ty with the Control condition, a significant group
effect was found for FNyq, (1atency: %50-550 msec) yith the experimental group
showing greater frontal negativities than the Control group to Negative FB during
Soth trials., The lack of robustness of this statistical result suggests that this
difference should be interpreted with caution. However, many factors suggest that
to ignore this result for this reason could lead to a type II error.

In the present experiment,-thjs negativity was strictiy a fronta1-phenanenon.
The frontal cortex has been suggested to be important in FB use. It has bgen
hypothesized to be involved in change and méintenance of strategies andgin the
selection énd monitoring of appropriate behaviors; damage to this area results in
an inability to use FB (Stuss & Benson, in press). Compared to the Control group

who only had to remember FB 1nforhation, the Experimental group had to use FB fo

cancel irrelevant dimensions. In using a focusing strategy, both positive and
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negative FB allowed for dimension canEel]ations; however, negative FB entailed
active exclusion since subjects had to select from storage the comp]emeﬁt of their
actual choice stimulus., An examination of the grand averaged data suggests that
the phenomenon underlying FNjqq was éctive for both Positive and Negative FB.
However, stafistica] results reached significance only for Negétive FB. It is
suggested thét FNggg could reflect selection and monitoring processes involved in
the cancellation of dimensions, énd that these processes although present for

both Positive and Negétive FB, were most active for Negative FB.

Compared to the present task, that used by Stuss and Picton (1978) was more
complex and did not control for either cognitive strategy'or for probability of FB
stimuli. Py, which was also associated with negative FB, came with repeated
errors and tended to disappear when subjects became familiar with the task,
suggesting that it might be more related to change of strétegy. It is possible
that FNggg and Pp are parts of a single Negative-Positive complex, and that
whether this complex shows positive or negative deflection is dependent upon

factors such as cognitive strategy. The fact that Stuss (1976) recorded large NS

3
(X latency: 522 msec) when Pg was absent seams to corroborate this.

Ffonta] negativities in the latency .range of 250-500 msec are relatively
newly reported phenomena. Although they were originally reported in Tinguistic
studies (Ritter, 1981), they have also been associated with "the act{vation of
frontal monitoring systems" in non-linguistic tasks (Stuss et‘a1., manuscript in
preparation). Similar processes nright have been as;ociated with the cancef]ation
of dimensions in the present experiment. However, the lack of robustness of the

statistical results suggests that replications are necessary to confirm the
present findings. j



41

A significant trial effect was found for both Experimental and Control.
groups, with the Second trial showing greater general positivity of the waveforms,
starting at P3 latency. Th{s finding was more evident within Pasitive FB, where
no negativity.was superimposed, than within Negétive FB. This might be

attributable-to the fact that memory load was greater on the second trial
than on the first one. Indeed, following secohd'FB presentation, the Control
subjects had to recall the FB received on the first £r1a1 as well as the second
one to succeed in the task. Similarly, the Experimental subjects had to recall
first trial outcome on the second trial in order to cancel an additional
irrelevant dimension. ROsler (1981) and Ruchkin et al. (1980) have also found a
greater general positivity following second'stimu]ds_presentaiton whiéh they |
associated to response selection and final evaluation processes.

An unexpected finding concerned LPC variability to FB meaning during the
second trial. A significantly gfeatér positivity was found at CZ in response to
Positive FB compared to Negative FB. This result is at odds with that of previous
studies (Poon et al., 1974; Squires et al., 1973a;_Stuss'& Picton, 1978). Various
factors Eould be put forward to tentatively explain this difference, such as the
subject's option for the control group (Sutton, Tﬁeting, & Hammer, 1978) and a
less active frontal negativity for Positive FB than Negative FB for the
Experimental group.

Thus the present findings suggest that information process%ng associated with
FB use in a learning situation, when probability, confidence level and cognitive °
sfrategy are controlled, could be reflected in ERP.canponents that occur later

than P 3. FB meaning per se seems to have liftle effect on ERPs, since its effect

was showed at only one electrode area. Instead it appears that the processes
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underlying cognitive strategy are more important. In the present study, a
focusing strategy was used by subjects and in such a situation fhe_se1ection and
monitoring processes associéted with FB use seem to bé associated with a greater
frontal negativity. It is also suggested that the greater memory load fmp]ied
following second FB presentation, is associated with greater late slow positivity.
The lack of robustness of the statistical results suggests, however, that more
research is necessary to cbnfirm those findings.

_ In that respect, group differentiation of the late frontal negativity could
be ascertaiqed in the present paradigm through the use.of an improved control
condition. For example, a guessing task could still be used, but memory load
cou]d'be increased by asking the suﬁjects to remember their choice stimulus as
wé]] as FB received on both trials, ;hereby decreasing the 1ikg1ihobd that they
would use FB information. The hypothesized FNgpg - P 4 cémp]ex could be studied
by using the same paradigm as the one used for the present experiment with a
v%?ying num%er of additional overlearning trials, and by changing thg criterion in
force without warning. Separate averaging of the first false FB trials obtained
in the "learning to learn" phase, thaf‘is before subjects have established their

]

&
strategy, could also illustrate:this phenomenon.
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APPENDIX 1

PRE-EXPERIMENTAL QUESTIONNAIRE

i
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" Have you ever consulted a doctor for neurological problems

50

PRE-EXPERIMENTAL QUESTIONNAIRE

(Severe headaches,

epilepsy or any other disorder 6f the nervous system).

YES:
NO:

Have you ever been treated for psychological difficulties (Depression, severe'

anxiety)? etc...

YES:
NO:



.APPENDIX 2

TLLUSTRATIONS OF THE EIGHT SERIES USED DURING THE EXPERIMENT



5e

 VISUAL STIMULI

A A
VN “STTAY
A AR
A | N
AN A
7 A 8. A.




- APPENDIX 3

GENERAL AND SPECIFIC INSTRUCTIONS FOR EXPERIMENTAL AND CONTROL GROUPS
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GENERAL INSTRUCT LONS
ENGLISH

This éxperiment is designed to study brain waves associated with feedback
reception. It is divided into two parts: a practice period and the
experimentation.

PRACTICE

This part is to acquaint yourself with the procedure: distinguish positive
fron negative feedback (auditive stimuli), to familiarize yourself with the
response box and to learn when the blink (blinking affects brain waves, soO it has
to be controlled).

You will first hear a tone through the earphanes. From 0.4 sec to 0.9 sec
later a complex picture without meaning will come on the TV screen. A white spot
s fixated at the center of the screen. [ ask you to fixate it during the
experiment. From the moment the picture is on, you have 1 sec to press one of the
buttons from the response box (the white and the red are used; you can press any
one for the practice period). If you don't answer quickly enough, a note will
appear at the bottom of the screen ("Vas-y" - "Let's go"). If you answer in time
you will then hear a second sound, the feedback tone (without meaning for the
practice period). During the experimental period, a low tone will tell you that
you made a “correct" choice, a high tone, that you made an "incorrect" choice.
This feedback will be delivered at a fixed interval following the appearance of
the picture on the screen, that is 2.1 sec. You can't blink from the moment you
hear the first tone to about 5 sec following feedback delivery. 1'11 give you as
many trials as necessary. You'll see, at the end of the practice period you will
decide of the moment of trial presentation, by fixating after having blinked
between trials (which I can follow from your EEG tracing}. Try to blink many
snall times instead of closing eyes for a time when you have a need to blink.



55

B

INSTRUCTIONS FOR CONTROL GROUP
ENGLISH

The timing for the experimentation is exactly the same as for the practice
period, buttons (white and red) used and feedback also. You also have to fixate
the white spot on the screen during trials. The task changes however.

From now on, two stimuli aligned horizontally will appear on the screen on
each trial. Always, one of them will be a triangle and the other one a square;
position is random. Sometimes the triangle will be white and the square black,
sometimes it will be the opposite. ' '

You will be presented with series of two trials. On each trial one of those
stimuli is "correct" in the sense that it has been decided 1ike that randomly.
Each trial contain four criteria (triangle, square, white, black) and it is
randomly that one of those has been determined to be "correct" on each trial. I
want you to tell me, after each trial, which one of the stimuli you think is
correct {on the response box the right button correspond to the right stimulus and
the left one to the left stimulus). ‘Use index and middle finger of the right hand
to respond. The feedback you will receive will tell you if you are right or not.
Trials are presented in groups of two. DOon't forget however that those two trials
are absolutely independent from one another. Your task is to guess, on each
trial, which of the two stimuli contains the right criterion. 1 will also ask you
to tell me after each series of two trials which feedback you have received on
those two trials, and to tell me if your confidence is High or Low that you
remember those feedback correctly. The interval between trials is approximately 5
to 6 sec, You will win .05¢ each time you will remember the nature of the B
feedback received and lose .02¢ each time you wont. GOOD LUCK.

-
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INSTRUCTIONS FOR EXPERIMENTAL GROUP
ENGLISH.

The timing for the exper imentation is exactly the same as for the practice
period: buttons (white and red) used and feedback also. You also have to fixate
the white spot on the screen during trials. The task changes however.

From now on, two stimuli aligned horizontally will appear on the screen on
each trial. Always, one of them will be a triangle and the other one a square;
position is random. Somet imes the triangie will be white and the sgquare black,
cometimes it will be the opposite.

ta
‘ You will be presented with series of two trials, each of those series being a
problen. For each .problen one of the four criteria (triangie, square, white and
black)} is correct in the sense that it has been predetermined 1ike that. After
each trial I will ask you to tell me which one of the two stimuli you think is
correct (on the response box, the right button correspond to the right st imulus,
and the left button to the left stimulus). Use the index and middle finger of the
right hand to respond. The nature of feedback you'll receive will tell you if you
made the right choice. The procedure is the same for both trials, so that you
will be able to learn which criterion is correct within two trials (triangle,
square, white, black). The criterion is always single that is there is no such
response as "white triangle® for example. The position of the stimuli cannot be a
criterion; only the four already mentioned can be (triangle, square, white,
“black). Your task is to find the right criterion within two trials, to tell me,
when 1 will ask you, at the end of each serie (that is after the 2nd trial), which
criterion 1§ your response, and to tel]l me if your confidence is High or Low that
you have found the correct criterion. If you don't know the answer tell me also.
The interval between trials and problems is approximately the same, that is aout
5 to 6 sec. You will win .05¢ each time you will have found the correct criterion
and lose .02¢ each time you wont.

. One last thing., I ask you to tell me when you will have decided of the way
you will deal with the problem{s), and to describe your- strategy to me. If you
change your strategy during the experjment, Tell me also. GOOD LUCK.
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GENERAL INSTRUCT IONS
FRENCH

Cette expérience vise a étudier les ondes cérébrales associées a la réception
d'un feedback. Elle sera divisee en deux parties: une période de pratique et une
d'experimentation,

PRATIQUE

Cette partie est pour vous familiariser avec 1a procedure: distinguer le
feedback p051t1f du feedback négatif (stimuligrauditifs), vous familiariser avec
Ta boite de réponse et apprendre quand clignoter des.yeux (le clignotement
influence les ondes cérébrales, ce qu 11 faut donc contrdler).

Vous entendrez d'abord un son a travers les écouteurs. De 0.4 3 0.9 sec plus
-tard une image complexe sans signification vous sera présentée sur 1'écran de TV,
Un point b]anc est fixé au centre de 1'écran; je vous demande de le fixer au cours
‘de 1'expérience. A partir du moment ol 1'1mage apparait sur 1'écran, vous avez |
sec pour presser sur un des boutons de 1a boite de-réponse {(le blanc ou le rouge,
n'importe lequel pour cette période de pratique). Si vous ne repondez pas a
temps, une note apparaitra au bas de 1'écran ("Vas-y", "Let's go"). Si vous
répondez a temps, vous entendrez alors un deuxigme son, le feedback (ne veut rien
dire pour cette période de pratique). Dans 1'expérience, un son bas vous indique
un choix "correct®; le son élevé vous indique un choix “incorrect™. Ce feedback
vous sera donné 3 un temps Tixe apres 1'apparition de 1'image sur 1'écran, soit
2.1 sec. Vous ne devez pas clignoter des yeux a partir du moment o0 le premier
son vous est présenté jusqu'a environ 5 sec aprés que vous aurez enténdu le
feedback. Je vous donnerai autant d'essais pratiques que nécessaire pour y
arriver, Vous verrez & la fin vous déciderez du moment ol je vous présenterai un
essai en fixant des yeux aprés avoir clignoté entre les essais (ce que je peux
suivre sur votre tracé EEG en dehors de la salle). Essayez de clignoter par
petits coups plutdt que de fermer les yeux pour un temps lorsque vous sentez le
besoin de clignoter.



INSTRUCTIONS FOR CONTROL GROUP
FRENCH

Nous entrons maintenant dans 1'expérimentation proprement dite. Le “timing"
est exactement le méme, les boutons {blanc et rouge) et les feedback aussi. I1
- faut également que vous fixiez le point au centre de 1'écran. C'est la t3ache qui
change.

A chague essai, maintenant, deux stimulis appara¥tront sur 1'écran, alignés
horizontalement. Toujours, un des stimulis sera un carré, 1'autre un triangle,
leur’ position étant au hasard. Tantdt ce-sera le triangle qui sera blanc et le
carré noir, tantdt ce sera 1‘'inverse. '

Des series de deux essais vous seront présentés. A chaque essai un.de ces
stimulis est "correct" en ce sens que cela fut déterminé ainsi au hasard. Chaque
essai contient quatre critéres (triangle, carré, blanc, noir) et c'est au hasard
qu'il a été déterminé que 1'un ou 1'autre de ceux-ci serait correct a chaque
essai. Aprés chaque essai je veux que vous me disiez lequel des deux st imulis
vous pensez est "correct” (le bouton de droite correspond au stimulus de droite et
celui de gauche a celui de gauche). Utilisez 1'index et le majeur de la main
droite pour répondre. La nature du feedback que vous recevrez vous indiquera si
votre choix est correct ou non. Les essais vous seront présentés en groupe de
deux. Rappelez-vous toutefois que ces deux essais sont absolument indépendants
1'un de 1'autre. Votre té&che consiste donc a deviner a chaque essal quel stimulus
contient Ye critdre “"correct". Je vous demandérai également de me dire tous les
deux essais quels feedback vous avez regus a ces deux essais et de me dire si vous
8tes peu ou trés confiant de vous rappelez correctement de la nature de ces
feedback. LTintervalle entre chacun des essais sera toujours approximativement le
méme, soit 5 a 6 sec. Vous gagnerez .05¢ chaque fois que vous vous souviendrez

des feedback recus. Vous perdrez .02¢ chaque fois que vous 1'aurez oublié. BONNE
CHANCE, : '
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INSTRUCTIONS FOR EXPERIMENTAL GROUP
~ FRENCH

~Nous entrons maintenant dans 1'expérimentation proprement dite. Le "timing"
est exactement le méme, les boutons (blanc et rouge) et les feedback aussi. 11
faut également que vous fixiez le point au centre de 1'écran. C'est la ti3che qui
change, ‘

A chaque essai, maintenant, deux stimulis apparaitront sur 1'écran, alignés
horizontalement. Toujours, un des stimulis sera un carré, 1'autre un triangle,
leur position étant au hasard. Tantdt ce sera le triangle qui sera blanc et le
carré noir, tantdt ce sera.l'inverse.

Des séries de deux essais vous seront présentées, chacune de ces séries
constituant un probléme. Pour chague probléme ou série, un de ces stimulis est
correct en ce sens que cela fut décidé ainsi de fagon prédéterminée. Aprés chaque
essai je veux que vous me disiez, en pressant sur un des boutons, lequel de ces
deux stimulis vous pensez est correct (le bouton de droite correspond au stimulis
de droite, celui de gauche au stimulus de gauche). Utilisez 1'index et le majeur
de la main droite pour répondre. La nature du feedback que vous recevrez vous
indiquera si votre choix est correct. Il en sera ainsi pour les deux essais de
sorte que vous .pourrez apprendre sur quel critere {triangle, carré, blanc, noir)
je me base pour vous dire que vous 8tes correct. L€ critere est toujours unique
en ce sens qu'il n'y a pas de réponse "triangle blanc" par exemple. La position
des stimulis n'est pas un critére. I1 n'y en a que quatre (triangle, carré,
blanc, noir). Votre tache est de trouver ce critére en deux essais, de me dire,
lorsque je vous le demanderai, a la fin de chaque série {c'est-a-dire apres le
Z1eme essai) quel critere est votre réponse, et de me dire si vous Btes peu au
trés confiant que votre choix est correct. Si vous ne connaissez pas la réponse
dites-le moi aussi. L'intervalle entre les essais et les séries sera
approximat ivement le méme, soit de 5 @ 6 sec. Vous gagnerez .05¢ chaque fois que
vous trouverez le critére et perdrez .02¢ chaque fois que vous en 1'aurez pas
trouvé,

Une derniére chose, je vous demanderais de me dire quand vous aurez décidé de
la fagon dont vous allez résoudre les problémes, et de me décrire votre stratégie.
51 vous changez de stratégie en cours de route, vous me le direz aussi. BONNE
CHANCE.
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POST QUESTIONNAIRE - CONTROL GROUP

Did you try to find a pattern at the reception of Positive or Negaﬁive FB?

e i e . 8 s e Rt e A | e e e . 37 = e o, & s e e e 1 1,

Did a Positive

Explain.

Did a‘Negative‘FB have an influence on your next response? .

Explain,

FB

YES:
NO:

have an influence on your next response?

=



APPENDIX 5 ' .

-

Original Means.and Standard Deviation for all Dependent
Measurements Accordipg to Group (Experimental and Control) Feedback

(Positive and Negatibe); Trial (First &'Sepond)'and Cortical Scalp Locations
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APPENDIX 6

Revised Means for all Dependent Measurements According to
Their Scalp Distribution for Each Trial (First & Second)

Across Group (Experimental and Control) and Feedback (Positive and Negative)
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F3 F4
cz
P3 P4
0z
" FIRST TRIAL
" EXPERIMENTAL CONTROL

FB+ FB- FB+ FB-
N7 -7.6  -7.3 8.1  -7.8 7. 7.7 8.5  -8.7

-9.2 -9.4 -8.9 -8.9
6.1  -5.4 4.9« -4.0 -4, -4.6 5.1  -4.6

2.6 1.7 -l.4 -1.7
P4 1.7, 2.4 2.9 3.1 3. 3.3 3.5 2.4

5.2 5.5 7.4 6.7
6.3 6.8 6.3 6.9 8. 9.2 7.8 8.6

5.8 5.1 5.0 4.8
Py -1.7 2.6 0.6  -2.1 0. 0.6 0.8 0.1

1.6 1.9 3 3.5
5.3 4.6 5.5 4.7 6. 6.3 6.3 6.0

5.3 v 4.9 5.1 4.7
LP g00 -0.4  -1.5 0.4  -0.9 0. 0.3 0.1 -0.6

: 0.4 0.4 0.9 1.5
2.2 1.3 3.3 2.4 1. 1.8 2.5 2.1

- 1.7 209 1.5 1.6 -
LP 0.7 0.2 1.6 1.3 0. 0.4 0.4 0
0 ; ,
100 0.4 : 1.2 0.7 1.1
1.9 . 1.1 3.1 2.4 1. 1.3 1.3 1.5 .
1.6 , 2.8 1.4 0.9
,/

LP 1800 0.6 0.6 1.0 1.8 1. 1.0 0.5 0.3

, 0.1 0.1 0.5 0
0.5 0.4 0.6 0.8 a. 0.4 0.1 0

1.0 2.0 0.5 0.7
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F3 F4 -
i
-P3 P4
0z
FIRST TRIAE (cont’'d)
- . §I
EXPER IMENT ALY CONTROL
FB+ FB- . FB+ FB-
FN 400 4.8  -6.3 5.5 . -6.0 -3.1 -3.2 -3.3 -3.3
- 0.2 -0.7 1.7 0.2
3.1 3.0 2.7 1.8 3.8 4.1 2.4 3.5
3.6 2.5 2.9 2.3
FN -4.73 -5.5 -4.4 -5.6 -3.0 -3.2 ' -3.3 -4
600 1.2 R 1.0 1.2
2.0 2.2 2.5 1.3 1.7 2.0 2.1 1.7
- 2.8 3.1 1.7 1.6




N

F3 ,
cz
P3
| 0z
SECOND TRIAL
EXPER IMENT AL . CONTROL
FB+ FB- FB+ FB-
Ny 8.3 8.5 8.2 -8 7.1 7.3 -8.4 -9
-9.6 . -9.7 "-9.1 -10.2
5.6 -5.0 5.0 4. 4.2 5.6  -5.1 5.2
-2.3 -1.7 2.1 -1.5
P3 4.9 4.3 3.5 1 5.6 4.7 6.2 5.5
10,5 7.9 10.6 9.9
1. 10,7 g . .9, 1.0 1.1 10.5 0.7
7.6 7.1 7.3 7.2
- : ) .
Py 0.1 0.8 0.6 0. 0:2 0.8 1.9 L9
8.2 4.6 3.4 3.8
7.2 5.9 8.2 6 7.0 6.6 8.5 6.8
5.5 - 6.4 5.0 6.0
LP 800 1.6 1.0 2.1 1 0.6 1.3 0.3 0.6
3.6 2.8 - 2.3 1.5
4.7 2.9 4.4 3 3.5 2.4 3.9 2.9
¢ 2.5 " 3.5 2.3 3.1
L1000 2.0 2.2 2.6 2.8 1.8 2.5 1.1 1.3
4.0 2.6 2.3 1.7
4.3 3.2 3.7 2.9 2.7 2.0 3.3 2.4
3.0 2.6 1.7 2.7
LP 1800 4.0+ 4.0 3.1 2.9 3.5 4.3 2.9 3.3
5.0 3.7 - 3.9 3.0
4.9 4.2 3.0 2.8 2.3 1.9 2.5 2.2
3.8 -2 1.1 1.7



F3 Fa
Cz

P3 P4
0Z

SECOND TRIAL (cont'd)

75

EXPERIMENTAL ~

CONTROL

_ FB+ FB- FB+ | FB-
FN 400 4.7 47 -4.5  -5.0 2.8  -2.8 2.2 2]
- 0.9 0.9 RN 1.0
4.1 3.5 4.8 3.7 46 3.9 4.5 4.6
4.0 4.7 2.8 39
FN 600 -3.0  -3.1 -1.6 3.0 2.6 -1.8  -2.8  -2.2
1.8 1.2 0.4 0.5 .
4.1 2.6 4.9 - 3.9 3.6 2.6 3.7 2.8
3.0 4.4 . 2.3 3.3
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@
. WITHIN SECOND™ "
) FB X GROUP )
oz
‘Dependent - Source Sum of Mean F Prop.
Variable* Squares Square-
Py G 2250..0 2250.0  0.17 0.69 -
: ERROR | 238976.0 13276.4 a
Fg 6150.4 6150.4 4.76 0.043*
INT 2131.6 2131.6 1.65 0.22
ERROR 23268.0 1292.7, .
Pioge: & 3591.0 - 359120 1.7 . 0.29
: ERROR 55445.5 © 3080.3 e~
FB 2576 .0 2135.0 .58~ 0.006*
INT 354.0 354.0 1.32 0.27
. ERROR 4839.5 268.9 - | -
LP 1800 G . \1612.9 1612.9 0.42 0.52
ERROR 68483.6 3802.9 | o
. - ’ ’ - t .‘
; . F8 2890.0 2890.0- = 4.9] 0.04*
- INT 102.4  ~ 102.4 0.17 0.68 -
ERROR . " .10603.6 589.1 ~
' ,*Degréeé' of freedom for all F tahles are 1 for. the numerator and |
(‘\, 18 for the denominator. :



T

WITHIN SECOND .

78

GROUP X FB
Fa iﬁk
" Dependent Source Sum of - Mean F Prob.
Variable - Squares Square
Py G 9211.2 9211.2 1.42°  0.25 -
| ERROR 116507.1 5472 .6 ‘
8 1311.0 , 1311.0 - 1.01 . 0.33 ¢
INT 6027.0 - 6027.0 . = 4.63 0.045%
- ERROR 23406 .5 1300.4

1 b



v 79
. WITHIN SECOND
GROUP X FB
P3
Dependent Source Sum of Mean F Prob.
Variable Squares Square :
P 3 G 1232.1 - 1232.1 0.18 0.67
: ERROR 121899.8 6772.2
FB 3168.4 3168.4 6.70 0.019*
INT . 1742.4 1742.4 3.68 0.07
ERROR . . 8513.2 473.0
LP 1800 ¢ 5808.1° - '5808.1  2.27 0.15
{ R ERROR 46079.4 2560.0 :
FB 1254 .4 - 1254.4 0.06 -
INT 2496.4 2496.4 0.01*
ERROR 5489.2 305.0
. y
J
E L
!
E .
|
! ¢
%
‘ 4
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1

" WITHIN SECOND

80

GROUP X FB
P4
Dependent Source Sum of Mean FC Prob.
_Variab‘le . Squares Square
LP 1800 G 6250.0 6250.0 3.20 .0.09
ERROR 35206. 1 1955.9 x
) FB 1144.9 1144 .9 2.31 0.15
INT 2433.6 2433.6 4.91 0.039%
ERROR - 8924.5 495.8 -
N
/
4
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WITHIN SECOND
GRQUP X FB
0z ,
\ )
Dependent Source Sum of Mean F Prob.
Vz_ariab]e Squares Square o~
LP g0 : 220.9 220.9  0.08 0.77
ERROR 47029.0Q 2612.7
~—
FB ' 1612.9 1612.9 5.42° 0.031%
INT 4.9, 4.9 0.02 0.90
ERROR 5358.2 297.7
o



+

WITHIN FB+

82

ERROR

GROUP X TRIAL
cz
* Dependent Source Sum of Mean F Prob.
. Variable R Squares Square
s
Py G 2772 .2 2772.2 0.31 0.58
ERROR 159736, 1 8874.2
TRIAL 39250 .2 39250.2 13.98 . 0.007*
‘ INT 2640.6 2640.6 0.94 0.35
ERROR 50537.7 2807 .6 '
Py G 172.2 172.2 0.04 0.84
. ERROR 71324.1 . 3962.4 o
TRIAL 4818.1 4818.0 4.80 0.042%
INT 2325.6 2325.6 2.32 0.15
ERROR 18073.9 1004. 1 |
LP ggg G 462 .4 462.4 0.24 0.63
ERROR 35291.7 1960.7
TRIAL 11628.1 11628.1 10.87 0.004*
INT 1638, 4+ 1638.4 1.53 0.23
ERROR 19256.5 1069.8
LP 1900 G - 1243.2 1243.2- ~ 0.52 0.48
: ERROR 43430.1 2412.8 :
TRIAL 15327.2 15327.2 9.81 0.006*
INT 1890.6 1890.6 1.21 0.29 .
28120.7 1662.3 y




WITHIN FB+
GROUP X TRIAL

83

cZ (cont'd)
Dependent Source Sum of Mean F Praob.
Variable Squares Square
1P 1800 . G 164 .0 164.0 0.04° 0.84
ERROR 74225.3 - 4723.6 |
TRIAL - 40768.2 40768.2 15.93 0.001*
INT 1404.2 1404.2 0.55 0.47
ERROR 46072.1 2559.6 .
FN 600- G 970.2 970.2 0.2 0.65
' ERROR 84536.1 4696.4
R TRIAL 10465.2 10465.2 §.52 0.006*
INT - 1334.0 - 1334.0 1.21 U.29
, ERROR 19795.1 1099.7
N\
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WITHIN FB+-
GROUP X TRIAL

F3
Dependent Source Sum of Mean F Prob.
Variable . Squares Square
Py G 3980.0 3980.0 0.58 0.45
ERROR 122585.9 ' 6810.3
TRIAL 14250.6 © 14250.6 . 7.84 0.012*
INT 748.2 748.2 0.4 .« 0.53
ERROR 32732.7 1818.5 .
LP g00 G 950 .6 950.6 0.61 0.45
ERROR 28093.9 - 1560.8
= TRIAL . 5546 .0 5546.0 | 8.44 0.009*
CINT 235.2 235.2 0.36 0.56
ERROR 11827.3 657.1 “
LP 1000 G 220.9 220.9 0.08 0.79
: ERROR . 52340.5 2907 .8 ,
- TRIAL 5017.6 5017.6 5.73 .  0.028*
INT 4 122.5 122.5 0.14 0.7
ERROR™ 15756 .9 875.4
LP 1800 G 14.4 14.4 0.00 0.95
ERROR 74636.6 4146.5 -
TRIAL 17640 .0 17640.0 11.28 0.004*
INT 547.6 547.6 0.35 . 0.56
28153 .4 1564 .1

ERROR




WITHIN FB+
GROUP X TRIAL

85

Fa
Dependent Source Sum of Mean . F . Prob.
Variable . Squares Square
Py G 7209.2 7209.2 2.13 0.1621
ERROR | 61049. 3391.6
TRIAL 5593 .2 5593.2 7.64 0.013*
INT . 55,2 ©.55.2 0.08 0.79
ERROR 13182, . 732.3
Pgg - G 1177.2 N7 0.77 0.39
_ ERROR 27656.1 . 1536.4’
TRIAL - 8850.6 8850.6 13.51 ©0.002*
INT 497.0 497.0 0.76. 0.40
ERROR 11792.9 " 655.2
LP 1000 6 65.0 " 65:0 0.0 0.82
ERROR 2315005 1286. 1 -
TRIAL 9272.0 9272.0 12.54 0.002
INT 4,2 4.2 0.01 0.94
ERROR 13309.3 739.4
LP 1800 6 . 216.2 2.6.2 0.07 0.80
ERROR 58229.1 3234.9
TRIAL 23571.0 23571.0 19.19 0.000*
INT 11.0 ~ 11.0 0.01 0.93
ERROR . ,22108.5 1228.2

H
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WITHIN FB+- i
GROUP X TRIAL .
: r
. F4 (cont'd)
. - N |
Dependent Sourge Sum of Mean . F Prob.
Variable Squares ) Square -
Feqn G . 7075.6 7075.6 1.93 0.18
ERROR 66059.8 3670.0
TRIAL 7398.4 7398.4 7.63 0.013
INT 774 .4 774 .4 0.80 0.38
ERROR 17448 .2 969.3

-



. WITHIN FB+
GROUP X TRIAL

87

P3
Dependent Source Sum of © Mean F Prob.
Variable © Squares Sgquare
P 3 6 . 2975.6 2975.6 0.61 0.45
ERROR 87814.9 4878.6
TRIAL 26471.0  _ 26471.0  18.12 0.000%
INT 3744.2 13744.2 2.56 - 0.13
ERROR 26291.3 . 1460.6
Py G 435.6 435.6 0.1 0.76
ERROR 80832.3 4490.6
TRIAL 3610.0 3610.0 - 7.68 0.013*
INT 1232.1 1232.1 2.62 -0.12
© ERROR 8463.9 470.22
LP 500 G 1288.2 1288.2 0.53 0.48
ERROR 43735.1 2429.7
© TRIAL 9030.0 ° 9030.0 . 15.87 0.001*
INT 455.6 455.6 0.8 0.38
ERROR 10238.9 . 568.8
LP 1000 6 2689.6 2689.6 1.06 0.32
ERROR 45690.5 . 2538.3 '
\
TRIAL 7840.0 | 7840.0 8.78 0.009*
INT 532.9 532.9 0.6 0.45
16074. ] 893.0 -

ERROR
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“. .
WITHIN FB+
GROUP X TRIAL
P3 (cont'di
Dependent Source Sum of -Mean F Prob.
-Variable Squares Square ‘
LPTBOO G 4818.0 4818.0 2.13 0.16
ERROR 40637.3 . 2257.6
- TRIAL 21949.2 21949.2 15.86 0.00*
INT 3222.0 3222.0 2.33 0.14
ERROR .24907.3 . 1383.7
FN a0 G 442 .2 442 .2 0.12 0.73
‘ ERROR 66812.2 3711.8-
TRIAL 9030.0 9030.0 8.0 0.011*
INT *5.63 5.63 0.00 0.94
ERROR 20259.8 1125.5 '
f‘% : -



WITHIN FB+
%ROUP X TRIAL

89

v 13044 .0

P4 .
| )
Dependent Source Sum of Mean F Prob.
Variable ‘ Squares quare
Py G 2560.0 2560.0 0.47 0.53
ERROR 111716.0 6206.4
TRIAL 121902.4 21902.4 . 12.89 0.002*
INT 2822.4 2822.4 1.66 0,21~
~  ERROR 30589.2 1699.4
Py G 1 1946.0 1946.0 0.46 0.5
ERROR 76323.2 42401 -
- TRIAL 2673.2 2673.2 4,45 0.049*
INT 1113.02 1113.027 ~ 1.85 0.19
y ERROR 10820 .2 601.1
LP 800 G 265 .2 265.2 0.1 0.76
- -ERROR 49609.2 2756.1
TRIAL 4020.0 4020.0° ' 6.88 0.017%
INT 1092.0 1092.0 1.87 0.19
_ERROR 10514 .4 584.14
LP 000 G 1188.1 1188.1 . 0.61 0.44
_ ERROR 34821.0. '1934.5 ‘
TRIAL 5760.0 5760.0 7.95 0.011%
INT 1440.0 1440.0 1.99 0.17
724 .6 '
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WITHIN FB+
GROUP X TRIAL |
N §4'(cont'd)
, R
Debendent Source _Sﬁm of.' Mgan 0 F Prob.
Variable Squares Square -
LP L g00 G 4161.6 4161.6  2.02 " 0.17
" ERROR 37167.8 2064.8 ‘ N
TRIAL ‘]7977.6 17977 .6 12.06 0.003*
INT 4080.4 4080.4 - 2.73 . 0m
ERROR 26869.0 .

. 1492.7




WITHIN FB+
GROUP X TRIAL

0z -
]
Dependent - Source Sum of . Mean™ . F - Prob.: :
Variable : . Squares .  Squafe S
Py 6 . 7%.9 - 756.9  0.23 - - 0.64
ERROR «'59268.2 3292.7 . . .
TRIAL 8820.9 8820.9 6.64°  0.019%
INT 168.1 . 168.1 '0.13  0.73
ERROR 23917.0 1328.4
LP 1800 & 6076.2 \Bgés.z- 213 0:16
~ ERROR 51408.1 °~  2866.0
| TRIAL  ° 5929.2 5929.2 §.70 0.019%
INT 2640.6 2640.6 2.98 0.10
ERROR - 15932.7 885. 1 L
>



[ J | ‘ ~
. 3 ¥
: WITHIN FB-
y _ GROUP X TRIAL
i cz
I - . '
i Dependent . Source - Sum of Mean F Prob.
; Variable = - Squares Squarey .
| Py G 5978.0 ' 5978.0  ,0.57 0.46
i . . " ERROR 189305.9 . 10516.9 - -
B , : TRIAL. - 1802070 ' 18020.0  13.33 ~"0.002¢
i JINT 265.2 265.2 0.2. . 0.66
; ERROR 24328.2 1351.5. -
| —
| LPrgge = 8§ 308.0 308.0 0.17 0.69
B "ERROR ~33510.2 1861.6
| CTRIAU 24354.,2 - -24354.2 12.95  0.002
INT 156.02 156.02 0.08& ~ °0.78
ERROR © 33850.2 1880.6 -
FNegg G 193.6 193.6 0.06 - 0.8
ERROR 53716.3 2984.2
TRIAL 9859.6 _  9859.6 5.99 0.026*
INT 3720 372.1 0.22 0.64

- ERROR 30058.3 1669.9

i

E

|

|

|

J .

i

|
.

|,



WITHIN FB-
GROUP X TRIAL

93

F3
Dependent Source Sum of Mean F - Prob.
Variable Squares "~ Square . . -
LP 1800 6 59.7 392 0.1 0.7
- ERROR .54517.6 2028.7 - |
TRIAL . 10208.0 ' 10208.0  9.23 0.007% |
INT 55.2 . 55.2 0.05 0.83
ERROR 19897 .2 11105.4
FN 400 G ©11055.6 ~ 11055.6  4.45 0.049*
| ERROR | 44669.9 . 2481.6 | |
TRIAL 2002.2°  2002.2 1.47  0.24
INT 11.02 11.02 - 0.01 . 0.92
ERROR 24453.2  1358.51
FN 500 G 0.225 - 0.225 0.00 0.99
ERROR 62241 .6 3457.8
TRIAL  5688.2 .  5688.2 4.89 0.040%
CINT 2839.2 . 2839.2 2.44 0.13
ERROR 1209260 1162.5
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e

WITHIN FB-
GROUP X TRIAL

94

Fa
" Dependent Source * Sum of Mean - F Prob.
Variable ‘ Squares Square
. : i
P s G : 4774.2 4774.2 0.71 0.41
ERROR 121600.0 6755.6
TRIAL ©1974.0 1974.0 14.02 0.06
INT | 10923.0, 10923.0 22.2 0.0002%
'ERROR 8849.45 491.64
) Py G . 11971.6 11971.6 6.11 0.023*
ERROR 35316.3 1962.01
TRIAL . 6502 .6 6502.5 3.25 . 0.08
INT : 40.0 40.0 0.02 0.89
, ERROR 36063.5 2003.5
LP G 211.6 211.6 0.11 0.75
800 ERROR 35087.9 1949.3
TRIAL | 7398.4 7308.4 5.72 0.028*
INT 688.9 688.9 . 0.53 0.47
ERROR 232847 1293.6
LP 1800 G 739.6 739.6 0.33 0.57
ERROR 40751.3 2263.9
TRIAL J 9120.4 9120.4 6.67 0.019*
INT L, 2102.5 2102.5 1.54 0.23
ERROR 24620.1 1367.8




4

WITHIN FB-
GROUP X TRIAL

F4 {cont'd)

95

ERROR -

22855 .

Dependent Source Sum of Mean F Prob.
Variable - Squares ~, Square '
FN 400 G 17347.2 17347.2 5.48 0.031*
ERROR 56985.2 3165.8
TRIAL -  2608.2 2608.2  3.52 0.08
| INT 30.6 30.6 0.04 0.84
ERROR 13329.6 740.5
FN600. G 2975.6 . 2975.6 1.08 0.31
! ERROR 49589.6 2754.9 :
TRIAL 11055.6 11055.6 - 8.71 0.009*
INT 265.2 - 265.2. 0.2 0.65
6 . 1269.7 - :




L Ll L

v

‘WITHIN FB- .
"GROUP X TRIAL

P3

96

Source

Dependent Sum of -Mean F " Prob.
Variable Squares - Square
Py G © 5593.2  5593.2 ©  0.97 0.34
ERROR 103794.0 5766.3
TRIAL 16120.2 16120.2  17.75 - 0.001*
INT 4.2 4.22  0.00. 0.95
ERROR 16347.05 908.2
Py 6 632.0 632.0 0.21 - 0.65
ERROR - 54232, 4 012.9
4
TRIAL 12709.2 12709.2 7.4 0.014%
INT 81.2 81.2 0.05 0.83
ERROR . 30933.05  1718.5
LPqggg 6 680.6 680.6 0.42 0.53
ERROR 29154.8 1619.7 |
TRIAL 12780.6 12780.6 10.88  0.004*
INT 0.02 0.02  0.00 0.99 -
ERROR 21134.8 1174.1.
FN 400 6 240.1 240.1 0.06 0.8
ERROR - 67885.5 3771.4
TRIAL 9610.0 9610.0  10.31 0.005*
INT 8.1 8.1 0.01 0.92 -
ERROR 16779.9 932.2
“FN g0 6 1334.0 . 1334.0  0.68 0.42
ERROR 35065. 8 1948. 1
TRIAL 8732.8 8732.03  8.32 0.0p9*
INT 319.2 319.2 0.3 0.59
ERROR 18889.2

1049.4




&

WITHIN F8-
GROUP X TRIAL

g .

97

Dependent Source Sumof  Mean F Prob.
Variable - Squares. - Square
Pq 5 6528.0 - 6528.0 . 0.98 0.34
ERROR 120172.4 6676.2 o
TRIAL. 10017.22  10017.22  17.47, 0.014*
INT 9.02 0 9.02  0.01 0.94
ERROR 28124.3 . 1340.2 :
Py 6 883 .6 883.6 0.26 0.61
ERROR 62306.8 - 3461.5 '
TRIAL 5017.6 . - ° 5017.6 4.91  0.039
INT 1299.6 1299.6 1.27 0.27
ERROR 18376.8 1020.9
~ LP 1800 6 1199.0 1199.0 1.24 0.28
o ERROR 17413.8 %7.4
TRIAL 9828.2 9828.2 8.3 0.009*
INT » 24.0 24.0 0.02 - 0.88
ERROR 21298.2 1183.2
FN 400 G 3841.6 3841.6-  0.85 0.37
ERROR 81625.4 1534.7 -
. TRIAL 5198 .4 5198. 4 6.82 0.018*
INT - 462.4 452 .4 0.61 0.45
' ERROR | 13716.2 762 .0
FN 600 ¢ 207 .0 207.0 0.08 0.77
~ ERROR 46256.2 2569.8
TRIAL 7535.03 7535.03  6.84 0.017*
INT 1357.2 1375.2 1.23 0.28
" ERROR 19818.

2 1101.01
7




98

WITHIN . FB-
GROUP X TRIAL
s
0z
. Dependent . Source " Sum of ' Mean F Prob.
Variable : Squares Square :
P 6 . 7.2 27.2  0.01 0.93
ERROR 60564.6. © 3364.7
TRIAL 10989.2 ° 10989.2 14.75 0.001%
INT 42.02 42 .02 0.06 0.81
ERROR 13410.3 745..01 ‘
LP 1800 G 7784.1- 77847 4.9 0.039*
ERROR 28534.5 1585.2 .
TRIAL 5522.5 5522.5 2.88 o.M
INT . 1587.6 1587.6 0.83 0.37
ERROR 34504 .9 1916.9
FN 200 6 547 .6 547.6 0.29 0.59
b ERROR - 33899.9 1883.3
TRIAL "7896.1  7896.1 8.51 0009
INT 250.0 250.0 0.27 0.61"
ERROR. 16705 .9 928.1 )
FN60g G ; 3960.1 - 3960.1 1.83 0.19
: ERROR 38937.5 2163. ] '
TRIAL 4884.1  4884.1 5.3 0.033*
INT 48. 4- 48.4 0.05 0.82
"ERROR 3

16583.5 .  921.






