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PREDICTING HUMAN PERFORMANCE yy
CROICE REACTION TIME

DITROMUCTION

This study is the fourth of a series which attempts to develop empirical
models or relationshins for predicting buman performance. In an earlier
study (Teichner and Krehs, 1972) we investigated simvle "switching" perfor-
mance, i.e., that performance which involves a discrete response to a single
stimulus. The present analysis is concerned with the more complex type of
suitching task which involves more than one stimvelus and more than one
response {cf., Teichner and N1lson, 1¢71). The dependent measure, the choice
reaction time (CRT), 1c the time elapnsing hetween the onset of a signal and
the initiation of a response to it.

The present efforts, restricted to tasks usiny visual signals, investi-
gated the effects of the following specific variables: Numher of different
alternative stimuli and responces, level of practice, stimulus probability,
lergth of foreperiod, stimulus-resnonse (S-R) coding and/or S-R compatibility,
and unegual S-R mapping. Althouph other variables, might also produce effects
on CRT, it was honed that their effects would be small compared to the effects
of the variables studied, and that their contritution to the inter-experi-

mental error wvould he tolerable at the oresent stage of understanding.

THENRETICAL SUMMARY

"ow man males choices or decisions is a auestion with roots in philosophy
and 1is, perhaps, one of the major questicns that man has asbed ahout bimself.
Scientific psvchology has anproached the question hy devisine latoratory
arrangements in which the events about vhich decisions are to be made (stimuli)
can be manipulated and tte decisions {resvonses) can be observed. Come of
the okservations made are of the correctness of the responses according to
oredetermined criteria. ONthers are observations of thé speed with which
decisions are made. The second, Ynown as a2 disjunctive, cr complex, or
choice reaction time experiment, has had a long. and still very active,
research interest. Tt is the choice resction time experiment with vhich this
paper is concerned.

The hove of the CPT experimental model is that an analysis of decision

times ill heln isolate the nrocesses which determine how decisions are made.

Such processes involve identification of the stimulus and selection of the
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response appropriate tc it. Clearly, all of the problems studied by
psychologists are ‘subsumed by these two interests. Our particular purpose
in this study was not to try to cope with all of those problems. but rather
to attemnt to find basic empirical relaztfonships in the CET liteiature which
can act as constraints on the theoretical modeles that might be developed
for them.

An early theoretical approach to the CRT tesl was that of Donders (1868~
69)1 who propoged that the Latency involved in choice reactions is the sum
of three temoorai components: (1) Simple reaction time (RT) {2) The time
required for stimulus categorization, and (3) The time revuired for response
selection. These processes were hypothesized to be distinct, seauential and
non-overlapping. The a-veaction represents the sum of various neural trans-
mission lags, and for any stimulus energy conditlor was assumed to be a
censtant vhich could be estimated by RT. 1In order to assess the time required
for the other two processes, he developed two experimental parad.gms. In one,
the b-reaction, each stimulus is associated with a response. This arranpe-
ment is often referred to as the "choice reaction time' experiment. In the
other, the c-resction, several stimuli are presented hut response is required
only to one of them. This arrangement is often called a "selective reaction
time™. The c~reaction requires only stimulus categorization since only one
response is involved, whereas the b-reaction requires both stimulug catepori-
zation and response selection. DNonders proposed estimating the time talen
for resnonse selection by subtracting the c-reaction time from the d-reaction
time. This subtractive logic, the constancy of 2T, and the assumption of
non-overlapoirg, serial phases constitutes the essence of Donders's theory.

Yore recent theory tends to nursue the logic of NDonders's model. In
fact, as Smith (1968) points out, current theorists tend to push Donders's
logic even farther to inciude multinle stages or compmarisons within each of
the three processes. Nonders, himseif, extended the a-reaction to include a
set of constant, neural and muscular lags in series. Christie and Luce(1956)and
Sternbere (196A) have provosed that stimulus categorization alone subsumes
several steps executed in serial order. 3ir addition to stimulus categoriza~

tion and resvonse velection Yelford (1968) bas provosed an intermediate trans-
lation stapge.

1. For an informative and amusing description of Donders's tublication

historv and misfortuncs see Brozek (1970} .

'

S
L7 P

Cpeted

_y
2%

LN

R

i
3

B wwth

5 s

.
LR YA




3.

Aithoueh which subnrocesses must be postulated is still an open auestion,

current theoretical interest seems to be focused more on whether or not such
nsrocesses or stases are executad in a warallel or serial fashior. A recent

nodel of simple reaction time pronosed kv Teichner and Nreks (1772) sugeests
that even that commargtively simple tasl' may reaquire the assumption of three
comrovent nrocesses overatine in a serial-parallel arrancement.

The more complex CT®T models have terded to concentrate or subprocesses
within 2 major stace. ©"f considerahbie iaterest has teen the stimulus
caterorization stase about which much of the serial-parallel debate has
centered. Tor examole, Wick's {1752) model views all stimulus identifica-
tion activitics as a series of svtdecisions wheveas lleisser (1°R3) favors a
model in which activities associated vith identifving the stimulus are
carried out in narallel.

Stimulus cateeorization models have bteen of tuo major types, template-
matching and feature-testinp. I tre template-matching model, the subject
comnzres rerlicas of the stimuli presented with alternative stored renresen~
tations or templates. Wick (1752) considered various models by vhich these
comparisons mipbt he performed eitber se¥iallv or in parallel. As Smith (19€8)
notes, however, little is said in these models about how the matching process
mirht ke carried out or vhat the nature of a template might he. 1In general
he revorts that. such models have heen weal” in their ability to account for a
variety of exnerimental findines.

Nme of the feature-testing models (Picl, 1952) provoses tbhat the subject
stores lists of featurec associated with each of the ¥ possible stimuli. Vhen
a stimulus is presented, the suhject males a series of dichotomous tests .
related to ore of the features. Each suhdecisior reduces the number of alter-
natives bv half until the correct alternative is found. Cfonseauently, CRT

h

should be related to the number of possible stimulus alternatives in terms of

- et e

the amount of stimulus information. A second general type of feature-testing
model uses secuential stimulus samnling and/or statistical decision concepts
(Fdwards, 1965: Fitts, 1°6€f: Stone, 19A0)). While these mcdels are relevant

to the develovment of a general theory of decision-making of which CRT mav

SRS et '
GGt

he viewed as a part, they deal with more complex issues than those which we

a3

vish to consider here. That is, this study is concerned with the temvoral

characteristics of errorless choices. 1In general those choices have fagter

[RCRCRPKON,
“hda R 2

CRTs than do error reactions although a speed-~accuracy trade-off is a criti-~
cal factor (Fitts, 19AG).
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Both kinds of stimulus categorization models are concerned with how the
subject idartifies or encodes the stimulus vrior to respomse selection.
Meither model has been addressed to the problem of response selection, as

such, although in some elaborations which have been pronosed (cf, Nlorman,

1970), the problem is approached Feually importar:, wich regard to CRT,

no available form of either model avpears to provide a basis for predicting
the actual lateacy . stimulus cateeorization.

Addition-i »uantitative models of CRT have been suggested, the most

rerent aing oma nrovosed by Lappin and Disch (1972) vho treat CRT within
i@ theorv cf signal detection.

hile such aporcaches mav provide fruitful

~esults, they have only a limited aonlicability to the literature with which

we shall bhe concerned. Again, this is related to our interest in errorless

performance. In fact, most CRT studies have been concerned with the latencv
of erru. free performance, and have excluded error CRTs from their anmalyses.
INDEPENDENT VARTABLES

Fambzr i Al7..native {timuli

.., as a measure reflecting decision-making phenomena, has been
of interest at least since Herlkel (1885) demonstrated that CRT increases as
the number of possible alternaiive signals that could be prasented (NA)

irc reases. All of the theories discussed above would predict =zuch an

~

L
increas~ assumine stimulus categorization to be a serial process or at least .

some component of it to be seguential ir naZure. What has been unresolved

is the quantitative relationshin between an ircrease in N, and the increase
in CRT, and, more specifically, rthether this relatioaship is linear or
logarithmic.

One of the earliest quantitative models wazs that of Bick (1952) who
proposed that:

.t

f = 1 5
PT = a log, {, +1) 6} .

where a is a constant representing simple T and log. HA is the amount of
stimulus information assuming .egquiprobable alternatives. The +1 in the
equation is a correction added to NA to account for uncertainty about the
time of occurrence of the signal (i.e., it represents the alternative of

a !
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"no signal'). Note that when M, =1, CRT = a vhich is RT, 3
o

Eauation 1 has come to be knovm as Hick's law. Tt assumes that the %

gain in information transmitted tetween stimulus and response is directly

-3
T

*

provortional to the arount of stimulus Information (given a noiseless

transmission), and that the increase in CRT reflects that gain.
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An alternative equation was suggested Ly Miller (1051), Hyman (1953)
and Bricker (1955) who proposed that

CRT-a+blogz LA (2)
vhere a represents simple ®T and b log2 "A’ the time required for identifi-
cation and choice, 1In a comparison of the two formulas Welford (1968)
concluded that Fquation 1 nrovides s better approximation of the available
data,

Stimulus-Response Corpatibilicy

thile a numbar of investigators have demonstrated an facrease in CRT
as a function of increasing Noo the slope of this fncrease has been showm
to be sensitive to a number of factors. One of these is that relationship
betvean atimyli and their assoclated responses which has been called "stimulus-
response compatibility” (Pitts and Seegar, 1953). Stimulus-response compat-
ih41{ty has been manipulated in a variety of ways. One such manipulation
involves the ase of different opatisl relationships between each § and its
P. Por example, in a task where the subject is presented with two lights
and two Feys both arranged horizontally so that the left light corresponds
to the left kev, the relationship 1is assumed to be compatibie. 1If the S-R
code 18 reversed so that the left light is associated with the right key,
CRT tends to be larper. The second arrangement is considered to have less
comnatibility petween 8 and R, The difference between the two arrangements
tends to diminish with practice suggesting that negative transfer from an
accustowmed relationship produced the incompatibility, Smith (196R8).

A second, theoretically more interssting, type of compatibility problem
is asgsociated with the nature of the nhysical stimulus and the kind of
resoonse reouired to it. Brainard, Irby, Fitts and Alluis{ (1962) investi~
pated all possible combinations of two stimulus types (lights or digits) and
tvo responses (keypress or vocal). Their £indings indicated that the
highest rates of information transmission were obtained with the digit-
vocal condition and the lovest with the light-vocal condition. Results
for the other two conditions fell berveen these two extremes. According
to Welford (1960, 19€8) this result points st:ongly to some type of trans-
lation mechanism or stage hetween the stimulus categorization and rasponse
sclection stages. Fitts (1064), Fitts and Posner (1067), and Welford (1968)
conclude that the slope relating CRT to N, is a function of S~R compatibility.

A
The stronger the S-R relationship, the shorter the time required for the
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tranclation stage and, thus, the higher the rate of information transfer.
Compatibility, in turnm, is assumed to have developed from pre-laboratory

experience* that is, nsming digits is a more familiar tas!. than pressing
keys in response to lights.

tffects of Practice

At any given level of NA’ one effect of practice is to reduce CRT,
Such effects have been found to continue cven after extensive practice. Seibel

(19262) found continued reductions in a 5-choice task after more thar 20,000

trials as did Hale (1962) in a 3-choice task. ™owbray and Rhoades (1959)

found a continuing practice effect through 45,000 trials for both 2~ and 4-

cheice conditions., As would be expected, the largest dron in CRT occurred

early in practice with smaller improvements occurring later in the extended

series. Uelford (196%) has sugpested that the practice gains reported were

due to inadeaguate control of the number of responses made ver signal in most
studies vhich have varied hoth NA and NT. The question of an “A X M, inter-

T
action is still apparently open.

Fitts (1964) has noted an interactive effect between practice and S-R

compatibility on the reduction of the slope of the NA function. An assump-

tion that tas been made (e.g., Broadbent and Gregory, 1965) is that compati-
bility of particular S-R relationships reflects prior practice and thus

these tvo variables are essentially reflectine the same process. One problem

is that compatibilitv bas been defined typically in terms of events which

occur prior to the investigation, and which are, therefore, uncontrolled and

difficult to studv. This is demonstrated in the results of an experiment

revorted bv “orin and Forrin (1965) vhich was designed to test the hypothesis

that compatibility is the result of practice. Two groups of children, first

and third graders, were tested or a numeral-naming task. The assumption was

that the older group 'rould have had more pre-experimental experience than the
younger one at thiz

iz task and, thus, that the slone of (RT vs NA would be smal-

The results showed nearlvy a zero clope hetween CRT and ¥ for both

A
groups, suggestine that their hynothesis was incorrect. There was a large

degree of variahilitv in the results, however, which implies that grade level
may not be a direct index of practice.

ler.

Such findings suggest that assumptions
regariing pre-laboratory experience may not he particularly valid in any
snecific instance.

Welford (1968) suggests that it is the translation nechanism between S
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and R which is irfluenced most by familiarity. If the translation process
is minimized so that the association hetween each S and its appropriate R

Ly emP A A Y

becomes "wired in", the effect of increasing NA should he reduced and even- i
tually, vith enough practice, be reduced to zero. This argument suggests
a series of parallel channels which can be preset to await a stimulus event. i
Any given event would activate only one of these channels. Thus, the subject E
would he performing a set of simple reaction time tasks in parzllel. The
only effect of increasing NA would be to increase the temporal uncertainty &
of anv particular S-R subset. 5
Differential S~R Mapping i

In Nonders's (1863) original model, the selective reaction paradigm

involved the presentation of several different stimuli in a task where the

N

subject was required to respond only to one of them. This many-to-one mapping
procedure was designed to provide a measure of stimulus categorization time.
Such selective respouding tasks have been employed by many investigators (e.g.,
Nickerson and Feehrer, 1964: Brehner and Gordom, 1962, 1964; Broadbent aud
Gregory, 1965) to study the process of stimulus categorization. The general
results indicate that as the number of different stimuli is increased, CRT
increases even though no response selection is involved in such a task. One
imvlication of such findings is that stimulus factors play the orimary role

in the CRT vs N, relationship. In contradiction, a study by Forrin and

A
Morin (1966) comparing choice and selective reactions reported the latter

to be even lonser than the choice reaction. The suggestion was made by

them that response inhibition to the non-critical items had an effect on
response to the critical one. If so, then response factors must play a more
important role then has heen supposed. Other investigators, (e.g., Mowbrsy,
19643 Tavlor, 1966) have not found suvporting results except vhen NA wvas
eight or more.

A variatior of the selective reaction is the paradigm in which all
signals are critical (i.e., are responded to) but in which there are fewer
¥inds of responses than signals. Morin, Forrin, and Archer (1961) varying
the S-R ratio from 4-1 through 4-4, obtained results which suggested that
the primary factor was number of responses. The results of an experiment by
La Berge and Tweedy (1964) sugpested that it is the probability of particular

S-R relatioushi%s which influences CRT. Tising 3:2 mapping, hut varying the
relative probabflity of each of the three stimuli, thev found that CRT depended
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upon the prohabilities of individual signals even though the frequency of

the two responses was equsl. !
Another indication of the imvortance of stimulus factors in the many~few

mapoing tasl: is provided by Hinrichs and Krainz (1970). Prior to each trial

the subjects were asked to predict thich stimnlus would occur. In situations

vhere the predicted stimulus occurred, response times were faster than in

the case where the prediction was incorrect. An interesting finding in this

latter situation was that equal CRTs were found even when the actual stimulus ¥

was associated with the same resnonse as the incorrectly predicted one. Such
results imply that even when the subject is set to make a particular response,
stimulus factors may exert an overriding influence.
Stimulus Probahilitv

One interpretation of the increase in CPT with N

A is related to the
decrease in the prohability of occurrence of any one stimulus as NA increases
if, as in most studies, all stimuli appear with ecual frequency for any given
level of NA. Studies in which stimulus probability was maninulated (e.g.,
Byman, 1953; Bertelson and Barzelle, 1960; Mowbray, 1964; Lamb and Kaufman,
1965; Kaufman, Lamb and Walter, 1970; Kaufman and *evy, 1966) have demoustra-
ted that, for a constant NA’ higher probability stimuli are assoclated with
smaller CRTz than those occurring vith lower probability. The notion that the
effects of stimulus prohahility are independent of the relationship between NA
and CPT is questionable considerine the results of Broadbent and Gregory (1965)
vho shoved that CRT to a stimulus occurring on 75 per cent of the trials vas
greater when it was part of a four-alternative set than when it was part of a
two-alternative set.
Effects of Foreperiod Length

In general, increases in the length of the foreperiod (i.e., the interval
between a warning signal and stimulus onset) have been considered to result
in an increase in CRT. PRick (1952) attributed this to uncertainty concernirg
the time of arrival of the signal. Ve theorized that temporal uncertainty
effectively added one to the number of alternatives in terms of its effect on
CRT. The literature is not completeiy consistent in its findings about this
variable, however. Rrainard, Irby, Fitts and Alluisi (1962) found essentially
no differences in performance between a CRT task in which the foreveriod was
two seconds and a self-paced task in which the next stimulus was presented

0.15 second following a response. Those differences which were present seemed
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{
to occur mostly at lower levels of NA (i.e., 2) rather than at higher levels
(i.e., 8). They found that CRT was slightly longer for the longer foreperiod
at lower levels of NA. These resulits were reversed for the 8-choice condition. ‘

Gottsdanker and Viay (196A) studied the effects of both random and constant 1
foreperiods ranging from 1.05 to 1.80 second. Over this limited range they
found little effect for the random foreperiod, but a conslistent increase in
CRT as foreveriod increased under the constant condition. In fact, the mean
CRT for the random condition was less than for the coastant interval. Such
results are contrary to what might be expected from Hick's (1952) temporal
uncertainty bypothesis. The variable condition should result in more uncer-
tainty, not less. and, accordinply, CRTs should have been longer.

Foreperiods vhich arz very short, esveciallv those which are close to

zero as in self-paced tasks, have been found to resulc in slightly lornger

CRTs. Borger (1963) discussed this in terms of the psychological refractory :
veriod such that two stimuli which occur teoo close in time are more difficult :
to sevarate as distinct. Welford (1960) also suggests that such effects

are related to a minimal processing time for the separation of two events.
Physical Parameters of the Stimulus

Little attentinn has been paid to the effects of duration, sizz, and
intensity of the signals in CRT tasks. In most studies the sgignal is termin-
ated by the response and the stimulus energy characteristics are not even
svecified. One study by Christ (1970) in which duration of the stimulus was
varied from 50 to 150 msec. found no significant difference in CRT across these
durations. Another (Kaswan and Young, 19f5) reported that CRT varies with
stimelus intensity. This variation and the laclk of variation due to stimulus
duration are attributable to the interactive effects of intensity and dura-
tion on the sinmple reaction time component (Teichner and Krebs, 1972)., We 3

see no hasis for expecting a decrease in either the choice reaction or selec-

tive reaction as well. TRowever, important variations in CRT among studies )
could be due to energy factors and, therefore, should he controlled. 7
METHOD g

A literature search vwas conducted of the studies published since 1950 ﬁ%
which reported CPT as the dependent measure. A few important papers published i%
earlier than 1©50 vere also included. These studies were then evaluated i%
according to the following criteria before they were accepted for further use: %%
1. Stimuli had to be presented visually. {

A
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2. The stimulus situation contained no visual noise or other masking

or distracting elements.

3. Only simple, higbly overlearned signals could be used as stimuli.

Stimuli falling within this category inclvwded single light flashes, single

A 4 & amma

digits or letters, colors, and common geometric chaves (e.g., circle, triangle
or sqguare).

4. Response had to be interded to the onset of the signal and CPT

measured from the initiation of the signal to the initiation of the response. (
If a keypress or other manual response was used, the movement required either

had to be minimal (e.g., the subject's fingers rested on the response keys)

or data had to be provided which allowed CRT to be corrected for movement
time.

5. Viewing of the stimulus display wvas restricted to central binocular
vision.

6. Position uncertainty was acceptable within visual limits if the
signals

were position-coded, and if the subject was always aware of the code.
7. The subjects were young normal adults.

8. CRTs of incorrect responses were excluded.

9. The procedures and general experimental design were acceptable.

Nn the basis of these criteria, 59 studies were accented as providing <ata
for further analysis.

Data Handling

Information descrip~ive of the physical characteristics of the stimulus

ani resvonse apparatus as well as the procedural aspects of the study was

recorded. TIn addition, the data from each study, as reported by the author,

vere extracted. All information and data were converted to common units of

measurement:

NPT

CRT, foreperiod duviation, and stimulus duration in seconds,
absolute number of stimuli and responses (rather than e.g., bits), target
luminance in millilamherts, an? stimulus size in degrees of visual angle.

The following information was coded and placed on punched cards:

Akt Lt
DRTRITSE- TP

Mg
i

1. Tdentifyine code numbar of the study.

"

}

2V N

2. Number of different stimuli.
Tvpe of stimulus.

;. Tyvpe of response.

[y

(m

i

I~
ROV ENEY
RSN

vh ;‘:’.‘

5. Lengtiiv of foreperiod.

0t

?

[
-

6. I.og10 total number of trials,
7. Stimulus probabilitv,

Vo g

=
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11.
f. An indication of vhether all stimuli vere enually proballe.

Tyre of tas!' (serial or discrete).
1", Tesgults.

qo

A separate card was used to record each data voint reported in each
studv. The onlv exception to this was in the case whera data for individual

subjects vere renorted sevaratelv. These data vere averaged and reported as
a sincle measure.

Rayine oreanized the data and descrintive information in thie way ver--

mitted considerable flexibility in analvzing the resuits bv computer. Any

particular suhset of data alil'e in specified ways could he selected and

analyzed avart from the other data. Comparisors related, for example, to the

effects of particular S-7 combinations could he made merely bv specifyine

tvo digits indicating the code for that combipation. An additional advan-

tare of using the comruter was that it was possible to generate computer

plots and thus have access to ranid snd accurate graphic displavs of the
data.

As in orevious efforts withir this series, the aporoach used in handling

the data was an iterative one. The first step was to plot all data on a

cormon praoh, the initial vorkine hynothesis beine that only one major vari-

able was svstematically related to the dependent measure, C®T. This graph

was ther examired for trends suggesting the influence of other major vari-

ables. Such examination led to a series of suhseauent hypotheses which were

then tested hv nlottina subsets of the data. A variable vag considered to be

important (i.e. a major variable) onlv to the extent that it oroduced a trend

across studies conducted at A¥fferent parametric values. Such an approach

does not of course exclude tte possibility that other sources of variability
exist vhick elrrer have not “een specified or tave not been varied varamet-
rically.
PESULTS AN BISCUSSINN

A rather large disnersion of points wvas Zound in the initiel plot of CRT
vs “A' Ttat variability aoveared to be influenced importantiy iy tx2 factors:
1) an extremely wide range of practice across studies, i.e. from €4 trials
ner subject in a studv by Tavlor (19€6), to 63,MMN trials pver subject in one
+y Leopnard (195%)+ 2) the particular tvpe of stimulus-response (8-R) relation-
ship,

Four different S-P combinations have heen used extensivelyv* (1) the
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Subject 1s presented with a digit (sometimes a letter) and resnonds by
identifying the dieit aloud, thus tripeering a voice key: (2) the subject
resnonds to a digit hy depressinz one of u.veral huttons or Feys manually;
(3) the subject 1is presented with an arzay of lights and required to respund
kv depressing the appropriate key; (4" the subject responds to an array of
possible lights by vocally identif-ing the position of the light in the array.
0f these four combinations (d{git-voice, digit-key, light-voice, light-ley)
only the digit-tey and licht-key have been studied over a wide range of
practice leveis. That being the case, it was nossihle to compare the effects
of the four S-". combinatfons only at relatively low sractice levels. Such
an evaluation is provided in Pipure 1 which presents the mean of the CRTa

of different studies which have used the four arrangements. The lines in
the ficure are intended ouly to illustrate ths average trend.

Fipure 1 suggests that the light-ley combination tends to produce the
shortest CRT, at leaat at relatively low nractice levels, and for “A <4,
For N, > 5, the digit-voice combination appears superior on the average. In
fact, the digit-voice combination appears to be indenendent of NA. vhereas
the other combinations anpear to be directly proportional to log2 NA. These
regults are in peneral agreement with FPitt's (1964) snalysis of the portion
of the data vhich he used and except for the higher CRT at lover “A of the
digit-voice comhination, with the conclusions of Welford (1968).

Digit (or letter)- namine is highly develone! in the adult population.
e gee little basis €cr assuming that the differences among the other three
combinations veflect familiaritv Aifferences. There do apnear to he dif-
ferences among them in regard to ditferential & and ® coding. The light-key
combination uscs the same code (position) for both S and R. In a sense the
subject has onlv to touch an extension of the position-coded light. Mn the
other hand the digit-key combination reouires a translation from a verbal
to a nosition code and the light-voice from a position to a2 verbal code.

The advantace of the dipit-key over the latter is oresumably due’to the

fact that the subject alrecady Vnows the (verbal, numeric) code. This
exnlanation imnlies an S-P incompatibility defined on the hasis of S-P

coding differences. Presumably, the fewer translations reauired, the better
the nerformance, at least at the relativelv low levels of practice represented
in Fisure 1.

“lture 2 presents CRT for the digit-Vev combination as a logaritkmic
function of ﬁfheftge trials (MN.) with NA as a parameter. The linqs are
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least-sauare fits. Thev are acceptable first avproximations considering
the variagbility displayed. It is suegested by the trends that at a suf- : 1

ficient level of practice each NA curve will asvmotote at the same minimal : :
CRT. We have artitrarily selected the minimum as .20 second. The suggestion : !

of an eventual independence between CRT and ', is supported by our previous

A
observations of Tigure 1.
Figure 2 shows that ti.e C°T function can be expressed in general as:
CRT = K log,, N, + a 3
vhere MW is the number of trials,K ig the slope constant, and a ie the Y-

T
intercent.

For the digit-key lines of Figure 2 at the indicated WA:

NA = 2, CRT = -,099 log10 N+ 725 (3a)

NA = 3, CRT = -.156 log1n NT + 1.050 (3b)
= = e \]

NA 4, CRT .169 log10 RT + 1.145 (3c)

M, = 8, CRT = -.217 log;, My + 1.540 (3d)

Tt is clear that hoth the slope and intercent constants are functions of

N Figure 3 oresents plots of the intercept constant as a function of N

s’ A
and of log2 NA. The curves, fitted by eye, are reasonab'a. The lozarithmic
velationshin is:

a = .425 loz, W, + .205 (4)

2 A
From which, when NA =1, a

time vhen NT = 1.

= ,295 vhich is an estimate of simple reaction

Figure 4 presents a fit of the slope consiant of FEquation 3. The function
is:
K=~-,0n7 1092 N, -.N20 {3)

>

One implication of Fouwation 5 is that when ¥ = 1, ¥ is very close to zero, a

P Y P

desirahble result., Using Ecuations 4 and 5 to obtain parameters for Eauation
3 provides the following estimates of the sinple reaction time: NT = 1, »T =
.205: NT = 100,0nN, PT = 15N, These are acceptable estimates. ?

Figure 5 nregents CPT ac a function of vractice for the light-Fev combin- E
ation. An imvortant 1ibertv wag taken with the data of Seibel (1982) in ;

developning this fipure. In comparison to the rest of the data in the litera-

ture, Seibel's CRTs were consistentlv far less than even the two-choice result-~.
Since the trend of his data is similar, and since as Figure 4 shovs, the slove
of that trend is similar to the other trends, we assumed a constant error (or

more sansitive enuirment?) in his data of .22 second. Correction bt that




FIGURE 1

Choice reaction time as a function of log2 N A
(i.e. bits) for equiprobable alternatives at low
practice levels. Data points are the mean of the
indicated studies.
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FIGURE 2

Choice reaction time as a function of practice

for the digit-key task. The parameter is the number

of equiprobable alternatives.
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FIGURE 3

Intercept coustants (a) of Equations 3a ~ 3d as
a funntion of NA and of mg2 NA for the digit-key task.
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VIGURE 4

Slope constants (k) of Equations 3a - 3d as a
function of NA and of log2 NA for the digit-key

task.
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FIGURE 5

Choice reaction time as a function of practice

for the light-key task. The parameter is the number

of equiprobable alternatives.
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4 amount provided for a trend which alsu accounted for the data point from
‘ Leonard (1958). Other than this, all other data in this and all other figures ' {

-

are as csiginally revorted.

Comparison of Figure 5 with Figure 2 shows that the slopes of Figure 5

-

are less steep. This is consiutent with the expectation of a lesser practice

effect for this combination. (n the other hand, although performance is
better with the light-lrey over ‘mogt of the trials range, extrapolation shows
that there will be a reversal of the CRTs of the two combinations before they

S G B vy M

reach their common 13imit. ;

r The ecuations for the light-tey lines of Figure 5 are: ;

’ My = 2, CRT = -.018 log;, Wy + .335 (3e) ;
N, = 4, CRT = -.035 log,, Np + 460 (3£)

Ny = 5, CRT = -.042 log,, Ny + .620 G2} ;

¥y = 8 CPT = -.050 lcg,, M, + .720 (3h) ‘

1 Plots of a2 and of K each vs NA are presented in Figures 6 and 7. A :

major difference between these plots and Figures 3 and 4 is that the constant,

a, appears to be linear with NA‘ The most divergent point is that which is

welghted heavily by Seibel's data, however. nhuplicating our previous analysis,

N

the equation for the intercept constant is:

a=.19 log, N, + .14 (6) é

and for the slope constant E

b R = ~,017 log, M, -.01 (N i
According to Eauation 3, when NT = 1, the simple reaction time for this -

combination is .14 and when NT = 100,000, RT =.135. The effect of practice

in this case is nepligible. Further, .14 second is rcughly the minimal

Fom HL%

I

possikle simple visual reacticn time to a light. It is also appreciably lower

st

than that predicted for the digit-key task at luver practice levels. Imn fact, 4
the simple reaction time would not be expected to be much affected by practicz é
(Teichner, 1654) exceot, perhsng, in a context in which the signal contained i
more than sensory actributes in which case the responge criterion would be é%
high (Grice, 1968; Teichner and Krebs, 1972). 3§%
) Ficure 8§ provides a family of theoretical curves relating CRT for the }%%

digit-key combination to “A with ¥_ as a paramater. The figure may he derived

E S

with the use of Zouatiows 3, 4, and 5 or bv reading values from Figure 2.

{ Figure £ shows, as noted above, that with sufficient practice, CRT should pe

independent of NA’ at least within the range of NA ugsed. According to the
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FIGURE 6

Intercept constants (a) of Equations 3e - 3h

as a function of NA and log2 NA for the light-key

task.
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FIGURE 7

Slope constants (k) of Equations 3e - 3h as a

function of NA and lcog2 NA for the light-key task.
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FIGURE 8

Derived choice reaction time for the digit-key
task as a function of the number of equiprobable

alternatives with the number of practice trials as

a parameter.
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figure, for this S-R combination, that point would be reached in over one
million trials. While this may seem unreasonable at first, especially

since Mowbray and Rhoades (1959) achieved it in 45,000 trials with the light-
key combination, it should be borne in mind that the prediction is based

upon an arbitrarily-selected limit of .20 second and that a different S-R i
relationship is involved.

VA

Much of the current theoretical approach to CRT is based upon the early
efforts of Pick. BHick (1952) varied NA using a light-kev combination and :
aporoximately 8,000 practice trizls. Since Fick's (1952) data were not used
to develop any of the above formulations, it is aopropriate to evaluate the
differences between them and his results. This is done in Figure 9, which
presents CRT as a function of 1og2 NA. The 1line ir the figure was calculated
vith Eouations 3, 6, and 7 setting NT = 8,000, The maximum deviation »f any
point from the line is .03 second. Considering the possible errors to which
the ecuations are liable, and that Hick's data are from one subject, the re-
sult is probably incredibly good luck. On the other hand, it supports and
encourages the general apvroach.

Ve were able to evaluate the effects of signal probability only for a
constant “A = 2, and then only to a limited degree. Figure 10 shows this
attemnt. As can be seen, the difficulty lies with the large differences in
S-» combinations used and the differences in NT. Primarily the data revort
again the imvortance of practice and S~ combination. The smooth lines, :
dravn by eve, are of significance only in showing that in every study, CRT }
decreased with increasing stimulus probability. Accordingly, CRT should be
a function of amount of informaticn for unecual probability alternatives as
well as for equal orobtability ones as alreadv shovm. The results of Hyman
(1953),Lamb and Raufman (19€5) and Kaufman, Lamb, and Walter (1970} support
that expectation, t.t due to the confoundings noted in Figure 17, ve were
not able to test it.

The range of change of CRT within every study of Figure 10 is small,
especially as compared to the changes associated with changes in N,. Thus,

A
even though it may te possible to express the function in uncertainty terms,

X . I, prresareen v DR
‘g‘%w, o S s AT

3

3

until more definitive data are available, it would seem wisest to dc that only o
for ecuivrobable sigral sources vhich differ in N, . The probability guesticn 5

¥
b
,A(;"l #'

needs further investigation in this regard, although in gpeneral, the signal
| probabilitv effect looks snall.
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FIGURE 9

Choice reaction time vs aumber of equiprobable
alternatives for the light-key task after 8000 trials.
Data from Hick (1952); line calculated with Equations
3, 6 and 7.
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FIGURE 10

Choice reaction time as a function of stimulus

probability for the tvo-choice case with varying S-R

task combinations. The number of trials employed is

indicated as NT.
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ol et

Choice reaction time related to foreperiod

duration for the digit-key task.
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So far we have discussed signal uncertainty in relation to NA and to : i
signal probability. Hick's law (Eguation 1) attempts to deal wi*h temporal
uncertainty. Such uncertainty ie introduced into the CPT experiment via
the foreperind, i.e., the time between a warning signal and the critical B
stimulus. Figure 11 is a plot of the effects of foreperiod duration at %
different NA for the digit-tey combination. The data available are not ;

extensive in number, but suggested trends indicate that the effects of fore- *

nerjod are very small and couplete In less than one second. Figure 12 is a2 A
similar plot for the light-key arrangement. Any possible effect is even
harder to discein in chis case. We conclude that temporal uncertainty is not
an important ccnsideration and chat the need for Pick's correction is not
supported. The model represented by Equations 2 and 5 is to be oreferred,
therefore, since it allows for an independent determinativn of the slope
and of the simple reaction time. “loreover, without the corrective constant,
RT = 0 whan N = 1 in Equation 1 and this is clearly unteranle. 2
It will be recalled that the selective rzaction tvoe of experiment i
provides inequality between the number of signals and the number of resnonses.
Yore recently such studies have been described as many-to-few mapping experi-
ments. In the sinpler case, the subject makes only one response and that to
Just the critical one of various stimulj that are nresented. TFor example, he

may respond only when he sees the numeral, 2, in a sgeauence of different

digits. Yore complex arrargements require the sume response(s) to more than

14

one critical event.

, LT
wted

In certain ways this experimental arrangement is also a searching or

e iy

monitoring task since the subject seeks the arrival of a critical event. It

b

differs from the choice reaction paradigm not only in not having one-to-one

T

i

YRCEATY

mapning, but In that not every stimulus event is associated with a CRT.

E

G
s

Thus, sequences of events may countain important experimental variables all of
which are hard to define in terms of practice trials. This is particularly
true of the manv-to-few experiments. Unfortunatelv, the sequences that have
been reported in the literature were too varied for us to put tkem all into
any consistent framework.

We were able to find four studies of the many-to-one type which we could
describe as generally similar in practice level and $-R combinations and to
telate their data to the probability of the critical signal. Thsat result is

shown in Figure 13 where it may be seen that, as with the choice reaction,

R S P R S S R ‘M 2




N R e Ay

S B “« i o
PO VN FEIT T Ty b‘.:i,d‘o"\_v.sma}s., N R T T T

RETPIRR SR I g A oy » ORI e P I E
. pheJer ot vy .3:2: S Y R, ,13NJJ§Q§¥.&§MM\‘;&.,\\?. 4*\,.?? RE U]

L S

FIGURE 12
Choice reaction time realted to foreperiod

duration for the light-key task.
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FIGURE 13

Choice reaction time for different selective

reaction tasks as a function of the probability of

the critical signal.
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siznal probhabilitv has a consistent, but very small effect. The difference
in trend way or mz2y not be significant. It should be noted that the figure
represents a relatively low practice level. Our impression of the results of
individuial studies of this sort is that the effects of practice apnear much
lecs syctematic than those shown above. For this reason we vonder again if
this type of experimeut helongs in the CRT category or whether it is not more
appropriate to think of it as a searching or scanning study. Welford (1968)
has also noted the similarity hetwveen this experimental paradigm and scanninp,
It is interesting that if it does belong more vroperly in that class of study,
the relationships involved can be described nicely in information-thenretic
terms (Teichner and Krebs, 1972-a).
ON DONDER'S LAY
Nonders's law states that
CRT=a+b+c (8)

vhere a is the simple reaction time, a constant

b is the time required for stimulus categorization

¢ is the time required for response selection
and the order of events is in the sequence indicated. If an S-F. translational
stage vere required, as proposed by Welford (1960), it would be intermediate
between the b~ and c-comnonents.

Comparing the digit-lkey and the light-key tasks in these terms, it is
apparent for any NA > 2 that the two tasks are equal in r :ard to response

selection. Thus, ¢ in Fouztion 8 is not a variable to take into account in

this comparison. What must he invoked to account for different effects of the
tasks on CRT are differences in stimulus processing, i.e., stimulus cztegori-
zing or coding, and translation. 1In the digit-key case, the stimuli are pre-
' sented in a numeric code. They must then be translated to a position code.

It is as if the subject sees a stimulus, names it, and then translates the

number named to its corresponding response key position. On the other hand,
no translational activity appears to be involved in the light-key case since
the only possible names that can be given to the lights as stimuli are those
for the response nosition code. Little categorization is involved; nor is

there any translation to perform. Presumably, improvements with practice

represent improvements in response celection, and only to a very small extent
do they represent changes in stimulus processing. Those same resvonse selec-

tion improverents must alsc be present in the digit-key tas%. It seems, there-
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fore, that the digit-key taslk has a larger CPT btecause it requires both a
stimulus coding and a translational stage. whereas the lisht-lev task requires
only stimulus coding.

Donders assumed that no stimulus coding is irvolved in the a-component,
that RT is a constant. Yet, at least a codine of energy levels is implied
ty recent resnonse criterion mudels of simple reaction time (Grice, 1963;
Teichner and ¥rebs, 1¢72). Furthermore, Grice has shovn within the context
of the model that learning and other factors irfluence the response criterion
and, consecuently, RT. Tt may be, therefore, that the a-component in Donders's
law is not constant, and that it includes some of the time reouired for
stimulus codine. If so, the PT portions of CRT should be different for dif-
ferentlv-coded stimuli. If thev are not different, then NMonders's assumption
vwould appear to have heen aprronriate. To investigate this hypothesis,
Eauations 3, 4, 5. 6, and 7 vere used to obtain estimates of RT, i.e., ORT
at ﬁA = 1. Figure 14 nresents plots of the two simple reactiun times as 3
function of NT.

Tt is clear from Figure 14 that the sloves of the two functions are
very different. As pcinted out earlier, and shovm here, the digit-key task
depends importantly on practice, whereas the lisht-ltey task shows little or no
practice effect. Tigure 14 suggests that chanpe: in PT with practice at the
digit-tey tasl" account for a considerable amount of the CRT practice effect.
If T reflects a stimuius coding process, then Figure 14 also suggests
almost no such activity for lights, hut a fair amount of such activitv with
the dipits. The implication for Nonders's law is that the a-component is
not a constant, hut that it contains the sum of a constant (transmission lag)
and a variable auantitv which is the time used to code the stimulus. The
coding activity mav be part o the simple reaction time even though the subject
has no need for it, i.e., even though all bhe is required to do is to respond
to the stimulus asg pure energv. Furthermore, the above result suggests that
the duration of time reauired for the coding process devends on the nature of
the code and on nractice.

Situatinns are conceivablie jn which it is necessary to translate from
one stimulus code tc another. For example, colored lights are used as
signals for automobile drivers. The color, itself, mayv he thought of as a
primary code vhich is processed during the a-component, whereas ‘stop’

associated with red may bte thought of as a secondary stimulus code. Or, if

L
g oam 14T

Comd
PR T




ta . 2

FIGURE 14 :

Derived simple reaction time as a function of

practice.
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the signal is the word, stop, the letters may be thought of as primary and
the word as a secondary code. Conceivably, a situation could have a sequence
of stimulus codes each but the first of which reauires a translation time as
well as a coding time. A modification of Donders's law to incorporate this
could include the first or primary coding in the a-comvoneunt and could assign
the other stimulus coding activities to the b-component. The translation
between stimulus codes would also be expressed, as should be any reauirement
for a translation between stimulus and response codes, e.g., between numerals
and spatial positions in the digit-kevy task. Finally, similar coding ard
translational activities may be involved on the response side in addition

to response selection. We will not attempt to speculate on them, hovever.

With those considerations in mind, Donders's law may be re-formulated
as follows-
(RT=a+b+Tg p+c (9)

Where: a = ag +ay = RT; ag is that portion of RT associated wich primary
stimulus encoding; 2, is a constant portion of RT required for
neural transmission ;t a given stimulus energy level,

b = bS + TS-S; bS is that time required for the use of stimulus codes
vhich might follow a primary encoding; TS-S is the time required
for translations between stimulus codes,

TS-R - time required to translate from the final stimulus code to the

response code,

¢ = total time recuired for all activities associated with response
selection.
7f we evaluate the digit-key task in the terms of Eguation 9, it would
appear that numeral-naming is the only stimulus-coding activity required
and the translation from that code to the position code used for resvonse-
identification is the only translational activity. Accordingly, if the
first or primary stimulus-coding activity is part of the a-compoient, and if
no other stimulus codes are involved, the digit~key task mav be described as:
CRT = a + T , + ¢ (10)
Letting 2T = a, and re-arranging,
TS-R + ¢ = CRT - mT (10-a)
Consideration of the light-key task in the same terms indicates that
the stimulus is coded by rosition as is the response. If there is a one-to-

one relationsbip between the position codes, as is the case in all of the

studies reported here, then there is no S-R tranmslational activity. The only
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20. A
activities are stinmulus-coding and response-selection. Accordingly, for the
light-key task,

CRT = a + ¢ 1y
and ¢ = CRT - BT (11-a)
It folluws that,
T

an = (Eauation 1M-3) - (Fauation 1l-a) (12)
so that 1f RT can be estimated, the other components may be derived empiri-

cally from a comparison of digit-key and light-key performance as obtained
from the choice reaction experiment rather than from the difference between
the choice and selective reaction exveriments as propcsed by Donders.

It should also be noted that the light-key task with one-to-one S-R
vosition coding is a compatible S-R arrangement, whereas the digit-key task

has some degree of S-R incompatibility since a translation is recuired

between stimulus and resvonse codes. Consequently, we can define the degree

of S-R incompatibility inherent in a task as the proportion of the CRT which
is attributable to the S-R tranmslation time, i.e., T, ,/CAT. Thus, a method
apoears feasible for both the exverimental manipulation cof stimulus and
response coding processes and for the practical evaluation of the degree of

S-R incompatibility in a task by using the one-to-one light-key task as a
reference situation and avplying Equation 12. To achieve that empirically,
would recuire simple RT experiments with which RT estimates may be obtained.

Or fox RT for single numerals or nosition-lights, the present formulation
orovides a theoretical estimate.

As an illustration, using NA = 4, Fauations 1N-a and ll-a were develoved
with Eouations 3-7.

The results are shown ia Figure 15. The left-hand side

of the figure shows RT suhtvacted from CRT for each task: on the right-hand
side they are not sublLracted. According to Eguations 10-a and 1ll~a, the

left side of the figure represents response selection in terms of the light-

key line and resnonse gelection plus S-R translation time in terms of the
digit-key line. Both sides are nlotted as a function of practice trials.

Figure 15 shows that with the a-component removed, the two CRTs are

closer and, in fact, eocual with sufficient practice. We assume a discontin-
uity after the lines meet, i.e., that all other components of CRT remain

constant at that intersection value. The figure also shows that there ia a

greater gain in the translational sneed from practice than in that associated

with resvonse selection since on the left side of the figure the initial
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Derived choire reaction time as a function of
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difference between the two tasks is large and then the digit-kev practice
curve drovs faster.

Figure 16 is a »lot of T, R obtained for wA = 4 by subtracting as in~
[> e
dicated in Zaunation 12.

It may be seen that this translational activity
represents an important part of CRT and that the time required for it de-
creases with practice. To evaluate its relative importance and that of the

other commwonents, 2ach was determined as a percentage of the total digit-key
CRT at different levels of practice. The percentage of the CRT due to trars-
lation of the numeric code to the pvosition code (T

) vas obtained by
T -
dividiug = as of Eouation“h by the digit-key CPT.

The percentage due to
the a-component was obtained as RT/CRT for the digit-key task.

For the illustration we have assumed arbitrarily that ay

= .1 s2cond and
subtracted that constant from RT to ohtain 3g. Ye vere then able to calculate
the percentage that each of the variable components is of CRT at different
levels of vpractice.

These results are shown along with Z RT in Figure 17

ays i1s represented bty the difference betizeen the curves
for 7 a-component and % a_.

The quantity,

Figure 17 shows that the most important of the three icolated variable
processes is that due to response sclecticn factors.

Except for the initial
portion of practice, this component accounts for more of the total CRT than

any other and its relative importance increases in a positively accelerated
manner as practica contigues.

At the same time the translational activity
starts as the most important component, but loses importance over the trial

series so that by about 56,000 trials it is no longer a factor.

It can also
be seen that the effect of subtra:ting the coustant from RT was to produce

an esgentially herizontal line.

The values of the residual stimulus cadi
component ranged from 17.0 per cent at log10 T

0 o 16.7 per .cent at
log10 N. = 5. Thus, for the codas involved, stimufus coding, as defined, is
e

. *
theoreticaily the least ‘mportant factor, without extensive practice, and

?»
although the absolute cod ing time decreases with practice, as described above,
its relative contribution does not change.

This seems quite reassnable for
digit-naming in the adult populstion.

We r2cognize that the results presented rest upon a variety of assump-
tions.

2n the other hand, they arz derived from the data available aad thev
anpear

to make sense. Accordinply, we provose that Nonders's law he modified
in the manner described by Equation 9 aud that estimates of stimulns categori-
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Theoretical S-R translation time for the digit-key

task as a function of practice; NA = 4,
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Theoretical percentage of CRT component times

for the digit-key task related to practice; N, = 4.
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zation be obtained from subtractions across experiments having different S-R
compatibility arrangements rather than in the manner proposed bv Donders.
Using the suggested aporoach appears to provide an exverimental method for
investigating the stimulus encoding and translational processes. Those
processes may often be considerably more important than suggested by the
present analvsis vhich was based on highly familiar, simple codes.

SUMMARY DISCUSSION

In terms of their influence on CRT, the Lhree most important variables

appear to be: 1level of practice (NT), number of different possible S-R
pairs (NA), and the particular S-P combination used. These variables operate
jointly. Thus, while practice serves to reduce the slope of the curve relst-—
ing CRT to NA’ the slope itself is dependent on the S-P. code.

It was found that the light-~tey condition produced faster CRTs at all
levels of practice studied and also a smalier slope across NA as compared
to the digit-key combination. The consistent superiority of the light-ley
task might be attributed to intensive differences between the two stimuli
as used experimentally. There is some indication in the literature (Brainard,
Irby, Fitts and Alluisi, 1962) that the luminance o% the light in the light-
key task has been greater than that of the digit In :he digit-key task.

Bowever, this would not account for the superiority of the digit-voice
task over the light-voice task. It seems more reasonable to relate the dif-
ferences produced by different tasks to differences in coding and translation

+ requirements.

The smaller slope observed for the light-key task has been hypothesized
to be the result of a minimal translation process or stage (Fitts, 1964;
Welford, 1968). 1In effect, the response set is a simple extension of the
stimulus set since the position code for each is in direct correspondence.
It was suggested that such a task might eventually be performed as a multiple
series of simple RT tasks carried out in parallel. The digit-key task, on

the other hand, requires translation from a numeric code to a position code.

gl s

T A

While the numeric code may be well-learned through pre-laboratory experience,
! the translation to an appropriate response is a process which must be learned
in the experimental setting. The relationship is not as direct as in the
light-key task.
Where, then, does practice exert its major effect on the CRT? In the

comparison of the digit-key vs the light-key tasks, our analysis suggests
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that the most important effect of practice is on the S-R translation stage
since that process appears to be the one which shows a decreazsing importance
to the CRT with increasing practice. This is not to say that stimulus coding
and response selection are not importantly affected by practice, because we
have shown that they are, but that the relatively greatest practice effect is
on the translation stage. In fact, as a consequence, it is response selection
which becomes relatively the most inportant process determining CRT after
practice. This gain in importance is initiated in about 25 trials in the
digit-key task. From that point it continues to increase as the subject
atraipns further performance experience. This is a’particularly interesting
result in light of the relatively small amount of research attention that
has been given to the process of response selection as compared tc that of
stimulus information processing. On the other hand, stimulus processing may
have a much greater significance in more complex situations than those coa-
sidered here. 1If so, the level, and perhaps the slope, of the a-component
of Figure 17 might be different, and the number of trials to an intersection
of TS-R and ¢ in Figure 17 wight be considerably greater. Nevertheless, the
results suggest that ultimately the factors of greatest relative importance
in a decision-making situation will be those which determine which response
is selected and not those associataed with coding and translaticnal activities.

If our treatment of Donders's law, and our proposed comparisons between
tasks having different stimulus codes and translational activities are
acceptable, an experimental method is implied for the study of the stimulus
encoding process. That is, a systematic comparison of different S-R task
combinations in the CRT experiment may provide a methodological approach
to the problem.

The results also suggest that Hick's law holds to the extent that CRT
is a linear function of the amount of stimulus information for equiprobatle
alternatives. The law holds without Hick's corrective factor, and in the N

form proposed by Hyman and others. The law holds, however, only up to some

limited amount of practice after which CRT is independent of NA, at least for i
Ny < 10.
Finally, the results suggest that stimulus cetegorization or codiag takes K

place during the a-component, or simple RT, portion of CRT. This is account- -
able in terms of a response criterion model. It is not consistent with
Donders's law as originally proposed, and as used since. Asg a result we have <

proposed revisions of the law.
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