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ABSTRACT

'Conceptnal tempo concerns the relatively.stable response
latency and error rates of people that occur in situations of
mdltialternativedresponse uncertainty. A review of this con-
struct prompted an examination of three research queations.

| 'Experihent~0ne examined the relationship between ‘con-
ceptual tempo.and intelligence{ a 2(sex)x 4(tempo)way ANOVA
indicated there were no signiflcant sex or tempo main effects
on any of the IQ variables, though there were two significant
pex x tempo interactions that were not ant1c1pated These results
were not consonant with previoue research.  This discrepancy
mayvhave been a consequence of an’interaction‘between the
‘speededness of the“intelligence measures_and'conceptual tempo .
.Experiment Two’mdnipulated conceptual‘tempo_problem
:difficulty to determine the direction and magnitnde of change

in the latencyferror relationships thatldefinevconceptual tempo.
Grade'five éubjects were administered the -MFF and the Conceptual'
-Tempo Test (CTT), a difficulty_ordered matching-to-sample’test}
‘Initial 3 (difficulty) x 4 (tempo) ANOVAS of the CTT latency -
and error variabies revealed signiticanthmain‘effects for both
the difficultydand tempo‘factors on both variables; as well as
-|81gn1f1cant mnteractlons between the two factors. The difficulty
manlpulatlon produced approprlate latency and error- dlfferences
Analysis of the tempo x dlfflculty 1nteract10n indicated that
dcontrary to expectation latency, not accuracy wasvthe most
rellable index of performance across the three levels of problem

T 2
dlfflculty. To verlfy this assumptlon, the data were re-

iv
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. analyzed with a 2 (latency) x 2 (error) x 3 (difficulty) ANOVA.
While'response latency and problem difficulty were both highly .
slonificant variables, response error was not significant for
any aspect of CTT performance.

.Experiuent Tﬂree invegtigated the effect of critical
alternative instruction upon the latency and >rror scores of a

] _ .
conceptual tempo transfer task. Critical alternative instr-

uction 1nvolvedﬂthe use of educational toy and language methods
(Olson, 1970) to 1nform subjects of the types of feature dif-~
ferences that constitute the critical alternatives in measures
-0of concep®ual tempo. Subjects were-randomly selected and |
assigned to either the experlmental 1nstructhon ‘or control
condition of a 2. (1nstructlon) X 4 (conceptual tempo) factorial
design. The instruction main effect was. 51gn1f1cant for only
the error variable. The tempo main effect and the'tempo X
instructlon interaction:yereisignificant for both the latency

. and errot variables. Subsequent analysis revealed that slgi:
nlficant differences among the four tempo condltlons occurred
only for control group subjects. Instruction concerning the
types of alternatlves used on conceptual tempo tasks served to
eliminate the significant differences between reflective and
impulsive subjects. Further apalysis indicated tﬁat this
result was due exclus1vely to the increase in response latency
and decrease in response errors of fast 1naccurate~subjects.»:
These results suggest that some of the variancevattributedrto
conceptual tempo may be due to insufficient inrormation about
the types of alternatives that -constitute criticallalternatives

for the task.

—ax
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CHAPTER 1
: " INTRODUCTION

The follow}ng diécussion of'coﬁceptual tempo con-
sists of two major parte. Pert'one is a general review of
conceptual tempO‘research literétuge that-is summarized
under four major headings; (1) a theoretical outline of
cdnceptual tempo; (é) operational definitions of conceptual
tempo;;(3f postulated explanations of conceptﬁal tempo; and
(4) educational implicatibns of conceptual tempo.f“This
breview is not directed toward any‘specific research Qﬁestidh}
rather, it represents e genefal review of the conceptual

tempo resegrch published to date}1 It was conducted for

the purpose of examinihg concebtual tempo as a psycho-

., logical construct and identifying aspects of this construct

that might benefit-from further investigation. Part two is
a .set of three investigations o~ ﬁpecifie aspects of con-.
o ceptual tempo. Experimen£ One is eohcerned with the’

" consequences of employing a reSponsehlatency and error,
duel—med split as the operational definition of concebtual
tempo. Speci: 1cally, it attempts to de _e.:ine the number
of subje- 3 e .:minated by this procedure, and the relationship

between cohreptual teﬁbo and intelligence that occurs when

-

lResearch concerned with the many correlates of conceptual 3
tempo was also rev1ewed A summary of these investigations
is provided in Appendlx A. '

-



subjects are not eliminatéd by this operational definition.
. Experiment Two is concerned with the role of problem difficulty
in the operationalization of concepthal tempo. The review
of the tempé literature has indicated that ‘valid determin-,
ations of conceptual tempos are contingent upon employing
-tempo tasks of moderate dlfflculty Tasks that are either
too easy or too dlfflcult will not produce performance\
differences attributable to conceptqal tempo Unfortunately,
the review of the literature also révealed that despite the
postulated 1mportance of the dlfficulty varlable for the
tempo construct, only one 1nvest1gat10n has attempted to
examine this aspect of_the‘tempo construct. Experiment Two
iﬁﬁs a second attempt. Experiment Three is concerned with the
role of alternatives iﬁ conceétualvtempo'behavior. The
impq;tance of this vafihble is indicated in the initial
conceptutlizatiOn of the ._empo construct: |

Refleptlon is defined semantically as the‘con51der-

- ation of alternative solution hypotheses (either

‘classifications or problem-solv1ng sequences) when

many are available 51multaneously (Kagan, Rosman,

Day, Albert, & Phllllps, 1964 p. 33)
and again iﬁ Jerome Kagan's most recent publiéation on the
topic (Kagan and Messer, 1975) whereln the above quotation
1s cited as -a conceptuallzatlon of conceptual tempo that is
still’ valid. The particular aspect of the alternatives.
question examined in Experlment Three is the role of per-
ceived alternatlves, that is, asklng if instruction'COncernihq
the nature of -the alternatives that exist among stimuli will

,facilitaté subjects’ perception of the alternatives t =t



exist in the test stimuli, such that this knowledge will
transfer to a subsequent tempo task, and improve the per-

formance of subjects in particular conceptual tempo

categories.



CHAPTER 2

A THEORETICAL OUTLINE AND REVIEW OF

CONCEPTUAL TEMPO RESEARCH

[
/ﬂaf Beglnnlng with an investigation of types of concept-
ual classiflcatlons and related behav1ors, (Kagan, Moss, &
Slgel 1963), Kagan has postulated an "evaluatlve" cognltlve
style dimension. Kagan deflnes cognitive style as, "...stable

O
individual preferences in mode of perceptual organlzatlon

and concept al categorizatlon of the external env1ronment

(Kag n, Moss, & Slgel 1963, p. 74, italics’ added)." The

cognitiive style construct is particular to a problem—solving
.context and for the purpose of explanation, has been inter-
preted by Kagan withln the theoretical framework of an
informatlon proce851ng approach to problem solving (Kagan

& Kogan, 1970). Spec1f1cally, Kagan postulates the exlstencei
of six discrete processes in a problem-solvingvsequence.

In brief, these are: (1) encodlng (or decooing), (2) memory,
(3) generation'of hypotheses, (4) evaluation/of hypotheses,
(5) implementation of hypotheses - deductlon, and (6) publlc
report Ind1v1dual dlfferences in the evaluatlon process

are presumed to arise as a consequence of differences in
- the degree to whlch individuals pause to evaluate the guality
of thelr cognltlve products Such evaluation affects the
quality of each of the precedlng processes in the problem-

, solv1ng sequence; namely, encodlng, memory and hypothesesc



generation. These differences involve the amount of t&me
taken to Qenerate alternative‘hypothetical solutions to the
problem, and to reflect upon the differential validity ef
these alternatives prior .o their implementation. The term
"conceptual tempo” has been used by Kagan to describe steble
individual differences in the degree to which an individual
reflects upon alternative classificatlons of a stimulus or
alternative solution\hypotheses in situations in which several
‘response alternatives are available simultaneously. The |
most predominant:aspeet of conceptual tempo.is a dimensionl
that Kagan has labelled reflection—impulsivity.' At one end

of this continuum, impulsive indiViduals impulsively feport
the first classifieation that occurs to them:or execute the
first-solution hypothesis that appears apnropriate. At the
other end, reflective 1nd1v1duals characteristically delay

before reportlng a.classification or ewecuting an hypothesis.
OPERATIONAL DEFINITIONS OF REFLECTION—IMPULSIVITY

Rriof to reviewing the conceptual tempo researeh, a
descrlptlon of the measures that have been employed to
operatlonally define 1nd1v1dual dlfferences in conceptual
tempo will facilitate subsequent dlSCUSSlOn.
!
\.

Matching Fhmiliar Figures

Kagan (1965c) has noted that of all the measures used

to operatlonallze reflectlon 1mpu151v1ty, the Matching

N



Familiar Figures (MFF, Lee, Kagan, & Rabson, 1963) provides
‘the greatest degree of response uncertainty and consist-
ently yields the highest correlations with‘external criterion
variables. The MFF employs a matching-to—sample procedure
whereby the subject is simultaneously presented with black
and white line drawings of a standard figure (with which he
is presumed to be.familiar), and six test figures that
comprise five minor varlations and one dupllcate of the
standard stimulus The subject's task is to identify the

o alternative stlmulus that matches the standard (Figure 1).
The variables scored‘are the mean responae latency to first
selection and the total number of incorrect selections up
to a maximum number Oof six. If the subject fails to answer

correctly, he is shown the correct answer.

Delayed Recall of Designs
| The Delayed Recall of Designs (DRT, Kagan, Rosman,
Day, Albert, & Phillips, 1964) is a matchlng-to—sample
\task similar to the MFF. However, unlike the MFF, the DRT
stlmull are black and white line draw1ngs of geometric
designs (see Figure 2), and the test includes a memory
- sactor; that is, the test procedure requires that the ‘sample
stimulus be presented for five seconds, removed, then
followed fifteen seconds later by the presentation of twelve
'alternatiye test stimuli. The dependent varlables are mean

response latency to first selection and the total number

of errors.

e
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Haptic Visual Matching

The Haptic Visual Matching Test (HVM, Kagan et al.,
1964) is a cross—modal matching—to—sample task which.requires
the subject to haptically explore a woodenlform that is
hidden from view. The subject is allowed an unlimited amount
of tlme to explore the form. Follow1ngqexploration, a visual
array of five black and white line drawings.is presented to’
the subject (see Figure 3). His task is to'select the drawing
which matches the haptically explored form. Three variables
~are scored: palpation latency, mean response latency to

first selectlon, and the total number of errors.

Visual Analysis

The Visual Analysis Test (VA, Kagan et al., 1964)
assesses the degree to which the subject attaches a verbal
label to component parts of a visual stlmulus whlle learnlng
to associate that label with a whole stimulus complex The
stlmull are abstract deslgns that contaln three dlstlnct
- components: (1) background (2) flgural form, and (3)
elements. The background component is a repetitivé'pattern;
the figural form is the shape formed by a partlcular com-
blnatlon_of ‘discrete elements, and the elements are dlscrete
geometric shapes. Flgure 4 illustrates a sample item. With
reference to this 1llustratlon, the subject is shown the
comp031te stlmulus, to which he learns to a83001ate a nonsense

syllable. The rlght parentheses comprlse the background

component; the delta signs, ‘the element component; and the



FIG. 3. Example items from the iiapt.ic.Visual Matching test

10.
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"staircase” pattern,\the figural component. The suéject
first learns to associate a different nonsense syllable,to
each of four complex designs. Upon reaching a criterion of
"eight consecutive correct: - trials, he is 8hown separate\
illustrations of .the background figure, and element com— "
ponents of each of the four composite stlmull He 1s then

i

asked to assocrate with each component stimulus the nonsense
‘8yllable that was prev1ously associated with the comp031te
stimulus that included the test component. The variable
scored on this task is the number of correct responses for
each of the components.
- Individual conceptual tempos are determined by -
calculating the latency and error scores of subjects on the
MFF, DRT, or HVM. Tempos are described by the joint relatlon—
ship of these variables fOllOWlng .calculation of the medians
for each varlable, Subjects 9coring above'the latency median
and below the error median are said to have a reflectivL
conceptual tempo. Subjects scorind below the latency median
and‘above the error median are said to have an impulsive
tempo. Two other categorles that result from this dual-
median spllt deflnltlon of conceptual tempo are subjects
scorlng above both medlans (slow-lnaccurate)’and subjects
scorlng below both medlans (fast-accurate) Research on
conceptual tempo has focused almost exclu51very upon the
'reflectlve and 1mpu151ve tempos The fast-~accurate and slow—
lnaccurate categories are - said to 1nclude only a small number

* of subjects for whom the tempo problems are elther too
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'difficult or too easy (Kagan, 1964). Consequently, the

few subjects exhibitlng these tempos are generally excluded
\
from conceptual tempo investigations to permit~a more precise

examination of the reflection-impulsivity dimension.

Validity and Reliability of the Measures of COnceptual Tempo

Estiﬁates - the*construct‘validity of the tempo
measures are provided by the intercorrelations among the‘
postulated measures of. reflectlon impu151v1ty Kagan et al.
(1964) report several_slgnlflcant correlatlohsibetween the
MFF and both the DRT and HVM tasks. The dependent varlables,
response latency and errors to flrst correct selectlon, were
both found to be moderately con91stent across the three
tasks Errors on the MFF, DRT, and HVM were positively
correlated and-ranged from r = .33 to .52 (p's < .01).
Response time correlations among the three tests ranged from
r = .48 tor = .82 |(p's < ;01). In addition, response times

were inversely correlated wi-» error scores for all three

tests. ThlS correlatlon was higher for the MFF (r = -.53
P .001) than for either the DRT (r = ~.30 p <« OS) or the
HVM7(£_= -.38 p < .01). _According to Kagan, the MFF has a

i
)

greater degree of response uncertalnty than does e ther the

DRT or HVM, and 1t is response uncertalnty that contrlbutes

‘variance to both the'response latency and error variables

(Kagan et al., 1964, P. 27; Kagan, 1965c, p. 617). The
decision time variable was also found to show cross-task

. . : !
geherality. Response time on the HVM was as’ highly associated

—

S
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Vyith errors on the DRT (r's = -.35 and 4.38J‘as was response
. time on the DRT itself (r's = ~.28 and -.33). Palpation time?y
of the HVM was positively correlated with HVM response time e
(£ 8 = .56 and ;55): Children who responded quickly spent
‘little time exploring the standard figure. Furthermore,
s palpation time predicted errors on both the DRT (r's = 4:39
and -‘35) and the MFF (r's = -.35 and -.42). . For boys,
palpation time was a better predictor of HVM errors than HVM
response time (£ = -.50 versus -.28).

Evidence bearing on, the test-retest reliabllity of
. the MFF and DRT suggests that 1nd1vidvsl differences in
’.reflection 1mpulsivity are relatively stable over time.
Yando {1968) tested second grade children for ten consec-'
utive weeks on variations of the MFF in which the number
of alternatives was\increased by one each week. "The number
of alternatives ranged from two the first week to twelve
the tenth week. The average correlation for response.
latency throughout the ten week interval was r = ,70.

In spite of the variation~of the number of stimulus
alternatives, Yando's results_support those of Kagan,
‘Pearson, and Welch (1966a), who report an average reli-
ability coefflclent of r = .7 “or latencies over a ten
week interval on ten alternative forms of the MFF. . 'In
addition, Kagan et al. (1964) report an average latency
reliabillty coefficient of r = .55 for nine consecutive

weekly administrations of the DRT. The corresponding error

coefficient was r = .58.
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Over,the longer test—retest interval, MFF reli-
ability decreases considerably. The stability of reflection-
_ impulsivity has been reported to be. r = ~50:for a one year
\ test-retest. 1nter;al 1nvolv1ng parallel forms of the MFF,
and’ r = 62 for a one year interval us1ng identical forms of.
’the MFF (Kagan et al., 1964). Over”a‘tWO'and A half year
period the parallel form reliability coefficient of the MFF -
has been found to drop to r = .31 (Kagan &‘Kogan, 1970).
Over the same period of time, Messer (1970b) has reported
parallel forms reliability coeff1c1ents that range from
(% = .25 to r = .43, | |
In total; these results appear to support the con-~
-clusion that the improved performance that results from the
tendencyato delay before responding in 31tuations w1th many

response alternatives, shows intraindividual consistency

for a variety of tasks and stability through time.
POSTULATED EXPLANATIONS OF CONCEPTUAL TEMPO

! | . From.a research point of view, the’mostﬂinteresting
aspect of conceptual tempo is tO*explain why individuals
differ in»tempo. However; the surprisingly large numberrrl
of postulated explanations may be interpreted as an
1nd1cation of the degree of uncertalnt% that ex1sts about
;the dynamics of this construct. Ba51cally, the proposed

explanations are centered on three major constructs anx1ety,

1nformation proceSSing, and problem solv1ng
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Anxioty .
Kagan and Kogan (1970) have postulated two.altern—
ative psychologiéai explanations of the disposition toward
reflective or impulsiVe‘respOnding: (1) a strong motive to
appear competent, and (2) a differential concern for error.
,Anxiety about one's competence is presumed to ‘be the basic
force behind both an impulsive and a reflective strategy,
but the source of anxiety is different for each’ strategy
The source of anxiety for the reflective‘individual is the
possibility of making a mistake in a social context”that
equates errors with incompetence; The source for the 1mpuls-
ive indiv1dual is the pOSBlblllty of responding L0 slowly
in a social context that equates slow responding with in-
competence. The difference depends upon the degree to which
an individual performs accordlng to a criterion of accuracy |
or a criterion of speed. ,
The second, and more par81monious, expranation ot
reflection ~impulsivity postulated by Kagan and Kogan (1970)
involves only a differential degree of anx1ety over error,
}‘and omits concern,over/fesponse latency as a. source of
_’anxief”///This explanation produces the simple dynamic that
the greater the fear -of making a mistake, the mor~ re-
flective and cautious the performance. Support © the more
par91monious expfanation has been reported by Messer (1970a).
ImpuISive and reflective sub]ects were induced to believe

' they had either succeeded or failed in their- performance on

~a difficult intellectual task that was administered between
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two administrations of the MFF. 'The "success" manipulation
resulted in a decrease in MFF responée latency for all'i
subjects’and an increase in error for impulsive subjecte.
In contrast, the "failure" manipulation produced an increase
in latency for all subjects and a decrease in errors for
impulsive subjects. Messer (1970a) concludes that the
"fallure" manipulation served to arouse anxiety over error
and cause subjects to proceed more carefully. 'The. success"
'manlpulatlon reduced anxiety and the degree of cautlon:
exhibited on the taak. | o ‘ ,
Evidence contrary to the ikagan and Kogan (1970)
hypothesis of dlfferentlal concern fo - error comes from an
earlier 1nvest;gatlon. Kagan (1966c) employed two com-
munications,_intellectual threat and adult rejection, to
increase the level of anx1ety underlylng performance on a
serial-learning task. . It was found .that both anxiety |
conditlons produced a greater number of errors than dld a
control conditlon. Concerning tempo differences, on both
pre-threat and post-threat lists, impulsive-children made
a greater number of errors of comm1591on than did reflectlpe
children. Furthermore, reflectlve subjects made anxious
over p0581ble fallure showed a larger error increase than
did reflectlve subjects in the control. condltlon. Apparentlp,
both anx1ety and a dlSpOSltlon toward 1mpu151v1ty lead to
the substltutlon of incorrect for correct elements in a
recall task However, the anx1ety ‘main effect across both

'levels of conceptual tempo is not consonant W1th the
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hypothesis that conceptual tempo is a function of a differ-
ential degree of anxiety over error.

In still another awvoidance of anxiety explanation
of.cohceptual tempo, Kagan has postulated that the impulsive
individual is anxious about the possibility of failure and
1mpairs his performance by responding quickly in order to
avoid the anxlety that is associated with the long time
interval»characteristic of reflective responding (Kagah et
al., 1964). A reflective individual either.is not anxious
about failure and, therefore, does not experience anxiety
during the time interval necessary for reflection, or is
anxious about'fsilure, but is able to cope With it; such
Vthat, in either case performance is not impaired by anxlety
Ward (1968) provides eV1dence that is contrary”to
‘ this third anxxety av01dance hypothesis. Several reflectlon—
.impulsivity measures: were admlnlstered in two testlng o
contexts. One context accentuated task feedback and
included a prize for overall accurate'perfofmahce; the
other context Qas a nonevaluative test.atmosphere ¢character-
ized.by liberal use'of praise and no error feeaback. It
‘was assumed the empha31s on accuracy in the evaluative
context would produce thg postulated anxiety over error}in
impulsive subjects that occasions an anx1ety allev1at1nc
1ncrease in response speed, whlle the nonevaluatlve context
would serve to decrease anx1ety over error in impulsive
suhjects, and cause themito reduce their speed of reSpondf

ing.
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Ward found that the response latency and error inter-
correlations among tasks within a permissive or evaluative
test context were not significantly different. from the inter-
correlations among tasks across test contexts.‘ Apparently,
either the two testing contents did not generate differential
levels of anxiety, or differential anxiety levels'aere
generated but they do not affect performance in the manner
outlined by anxiety- aVOidance hypothesis (Kagan et al.

1964) A post-hoc analysis by Ward of the response latencies
‘\l of.subjects following correct and incorrect responses sup-
ports thevlatter interpretation. - Consonant with the anxiety
avoidance hfpothesis, ward deduced that anxietybin impulsive
'subjects would increase after an incorrect‘response and
decrease after a correct response and that response latency

. 'would similarly increase and decrease. The analy31s revealed
that both impulsive and reflective subjects showed an 1n-

© crease in response latency fOllOWlng an incorrect response,-
and this -endency was greater for 1mpu151ve than for reflective
subjects (80% versus 61l%, respectively) | |

Ward concludes: fImpulsiQe children were thus'more
responsive topevaluational'cues; but the direction of change
was the same for the two;groups.and was not that predicted |
by the av01dance of anxiety hypothe51s (Ward, 1968 p. 873)."
It might also be noted that Ward S results for the post—

: response analysis are~also contrary to the differential

concern for error explanation offered by Kagan and Kogan

(1970).
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Further evidence coricerning Kagan's anxiety-
avoidance nypothesis comes from Reali and Hall (1970). It
was found that the effects of'neither eﬁccess nor failure
differentiated reflective from impulsive‘subjectsdan terms .
of either response 1atenc1es or consequent expectancy of
success. For both 1mpu181ve and reflective subjects the
~expectancy of success wastpositiveiy correlated with manio-
ulated success feedback, . but contrary-to Kagan's hypothesis
that a possible antecedent of impulsive behav1or is the
expectatlon of failure, this expectatlon did not 51gn1f1c-
antly influence response latency. For both reflective and
impulsive subjecte, decision times following failure feedback
. were signifioantly logger than decision times following
success feedLack. This.finding is consistent with that
obtained by Ward (1968). Apparently the degree of ant1c1pated

J

»success or failure is not an antecedent of dlfferences 1n
conceptual tempo.

| Messer has also 1nvest1gated the effect of 51tuatlon—'
ally 1nduced anx1ety as a p0331ble determlnant of individual
dlfferences in conceptual tempo (Messer & Kagan, 1969
’ Messer, l970a) Accordlng to Messer (1970a), anxiety over
1ntellectual performance is the pPrinciple dynamic underlylng
1nd1v1dual»d1fferences in conceptual tempo. Messer manip-
ulated anx1ety by ‘having subjects elther/succeed or fall on
an intellectual task ‘after being tolad that the task was a

test "to see how smart" subjects were, and that most subjects

"do well" on the task.

,1
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For both impulsive and reflectlve subjects, failure
resulted in a significant increase in response latency while
-Success resulted in a significant decrease in latency. Messer
argues that the experience of failure induces a general set |
- for accdraéy whlch leads to longer- dec181on tlmes, while !
success 1nduces a set for speed that results in shorter
decision times. Both sets are medlated by anx1ety over per-
formance, with fallure affectlng an 1ncrease and success a .f
decrease in the level of anxiety. Messer notes that 1mpu151ve

.

subjects who increased thelr response tlme .reduced their

’fh,-.

: number of errors; thus lendlng support to the hypothesis that
the anx1ety induction led to 1ncreased task attentlon, rather
than distractidn from the task. 1In sum, Messer S results,
which have since been replicated by Weiner and Adams (1974),
strongly suggest that anx1ety concernlng one's 1ntellectual
performance is an antecedent of reflectlve and 1mpu151ve

4 v

behavior..' - .

1

Information'Processing
A recent development in conceptual tempo research is

an lncrea51ng number of 1nvest1gatlons that postulate an in-

formation proce551ng explanatlon of conceptual tempo : Thesel

explanatlons include dlfferences in the speed and eff1c1ency

~of processing as well as 1nd1v1dual dlfferences in the relatlon-

ship between 1nformat1pn processing and perceptual learning.

3

Tempo of 1nformatlon proce551ng Kagan and-Kogan"

V(1970) postulate individual differences in the tempo of
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_information processing thresholdlthah did impulsive subjects.

22

information processing.to account for th¢ observation that
some people appear to process information eadily; others
process slowly, even in situations devoid of negative
sanctions for failure.~ Ohserved differences in the rate
ofaprocessing are difficult to validate-empirically since
differences in a second variable, the quality of processing,
‘may occur conjointly;.thus,,coﬁfbundingvthe rate variable.
The fastvprocessor may actually assimilate more informat%on
per unit of time, or it may be that he only appears to
process faster.. He may be processing in a global fashion,
matching to a lessvprecise standard; thereby requiringlleSS_'
time to complete the task due to the lower standard of |
detection. ) .

One(investlgatlon that does contrlbute some rather

L_‘l
dlrect evidence to the questlon of differences in proce351ng

-

speed is Weiner (1975).' Using a backward masklng procedure

with'tachistoscopically presented visual stimuli, Weiner -

. found that reflective subjects had a significantly lower

Given that reflective‘subjects-érocess information faster,
yvet take more time to respond than do impulsive subjects,
it appears that itvis not primariiy the tempo, but'the
quality of information processing that accounts for the

latency and.error'differences of conceptual tempo. Certainly,

.~ these results do not support the notlon that lmpu151ve sub—

Jects respond more quickly because they process information

'faster than. do reflective subjects.
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‘ Additlonal information concernlng differences in -
information processing tempo comes from Kagan's studies
,of attention in infants (Kagan, 1970 1971, 1972; Kagan s
Rosman, 1964).* The generallzablllty of these results to
school age children and adults isg undoubtedly limited, but
infant behavior does offer the advantage that dlfferenCes
in processing tempo would seem to ‘be minimally, if at all,
affected by the anxiety generated by the negatlve sanctions
of public failure noted. above, or the inte- lization of
cultural. performance standards of elther sp 1 : accuracy.

One of the infant behavmor varlables ao Ay be

applicable to the proce351ng tempo construct is "=z (ramatic
difference among infants ‘in rates of habltuatlon tc Tle fal
'or auditory stlmull Vlsual stimuli$ guch as represern . 'ons
of human- faces, nonsense des;gns, and novel moblles, bro—
duce differential rates of habituation in 1nfants " Rapid
habltuatlon to face representatlons could be the result of
a firmer §chema of the face, in that the closer the Stimulus- °
Schema match, the more quickly habltuatlon should occur.
iHowever, t.1s dlfflcult to explaln similar dlfferences in
the rate of habltuatlon to meanlngless geometric des1gns or
novel mobiles as. belng a product of dlfferentlal famlllarlty
It is unllkely that any of the infants would have established
prior schemata for these novel stimuli; -therefore, rapldly
habltuatlng 1nfants elther established firm schemata for
the novel Stlmu%l at a faster rate, or thelrgschemata were

less differentiated than those of the slow habituating infants. .
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Kagan and Kogan (1970) view the differences in rate

. of habituation in infants as a possible preview of reflective
and impulsive behavior. The question raised about the -8speed
and quality of schema development in infants is analogous

to the suggestion that impulsive indiViduals either process

- faster or have a less precise standard of equivalence Data
from a 27-month longitudinal study conducted by Kagan (1971)
suggest that attentional habituation in infancy is related
to reflection-impulsivity dispositiOns at ages 3 and 4

years. At 4 months the children showed a range of habit-

" uation rates, as indexed by fixation time to sixteen presen—'
tationsvof'four achromatic faces. By 8 months differences
in the boys' tempo of play with toys was related to the rate
of habituation at 4 months., A pattern of toy play that was
typified by many short involvements was shown by rapid |
habituators, while fewer, but longer involvements with the
toys was shown by slow habituators. In addition, boys With
a fast play tempo at 8 and 13 months were less attentive

to visual stimuli at both those ages, and were relatively’
vigorous andtexcitable at 4 months. At 27 months, Reppuci
(1968) found positive 1ntercorrelatiOns among a slow tempo
of play and deCiSion times on two problem Situations that
involved response uncertainty - In addition, he noted that

~ slow tempo boys who spent long periods involved in a single
actiVity at 27 months, exhibited a ‘slow tempo at 8 months

and a slow rate of habituation at 4 months



Results obtained by Pederson‘and Wender (1968)
support the possibility that infant behavior can serve as
a preview of a disposition toward reflection or 1mpulslv1ty
‘Nursery school children 2.5 years of age were evaluated for
their duration of attention with partlcular toys. At 6.5
. years of age these children were administered both the |
verbal and performance scales of the Wechsler Intelligence«
| Scale for Children Children who exhibited long durations
of toy involvement (slow tempo) performed better than chil-
dren who exhibited short durations of toy involvement (fast
tempo) on those tasks that 1nvolved response uncertalnty
(e. g., picture arrangement, mazes) ' No differences between
the groups occurred on the verbal scales A slow tempo of-
'play at 2.5 Years predicted a reflective disp051tion 4 years
later.

While the ev1dence in support of ‘a- preferred pro-
‘-cessing tempo in infants 1s limited, and Weiner 5 (1975)
results indlcate proce881ng quality may be more 1mportant
than processing speed the data from 1nfants does suggest
that a con81deratlon of the pos51ble origins of conceptual
tempo may have - 1mportant implications for understahding the
dynamics of the construct Kagan and KOgan (1970) postulate
that 1nfant attentional behavior as 1ndexed by fixation time,
- non-social smlling, duration of 1nvolved play, and dec1Sion
time favor a genetlc rather. than an experiental 1nterpret-
ation. For example, Kagan (1970) has noted that slow

s habituatiné, 4—month-old males tend to be larger fatter,
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and smile more frequently than their fast habituating.
counteroarts. for adults, Kagan (i966aj~obtained a limited
degree of evidence to suggest that reflective respondihg
is associated with a tall-thin body build and impuleiVe
responding is associated with a short-broad build. Further
evidence of the genetic ihterpretation~of this construct
comeé.from the finding that body size and frequency of ,
smiling during the first half year show greater similarity
between monozygotlc than between dizygotic twins. .Scarr‘
(1966) found that identlcal twins ages 6 -~ 10 years showed
evidence of heritability in their tendency to display long
Or‘ehort decision times in a situation involving response
ancertainty; In addition['an overall ratihg of apprehensive-
: , -

.ness (which was’ partlally based upon response tlme) showed
an 1ntraclass correlatlon of .88 for monozygotlc tw1ns as
opposed to .28 for dlZYgOth twins. |

More direct evidence on- the herltablllty of concept—
ual tempo comes from Plomln and wlllerman (1975) In an
investlgation of 54 pairs of young twlns, it was found that
with age partlaled out the MFF performance correlatlons for.
>e>1dent1cal twins was greater than that for fraternal twins
for both the reeponse latency fr = 377 versus r = ,56) and
error (r = .48 versus r = ;36) variables. ‘Heritability
estimates calculated by Plomin and Willermanéindicate that
over 403 of the response_latency variance and\Zl%‘of the

‘error variance may be due to genetic factors.
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A related‘expianatdon of differences in conceptual
tempo»comee from the findIng that lower-class children are
more impulsive than middle—class children. | This result led
Kagan (1967a) to speculate that differences in tempo may
be blOlOglC&l in origin. Lower—class children have higher
incidences of pre- and perd-natal trauﬁa, anoxia, and tox-
emia of pregnancy -- all of whicn increase the risk of
subtle damage to brajin stem centers and associated inhib-
ition systems. The hyperkineeis that is associated with
brainldamage in ‘children isvpreeumed‘to be'tne consequence
of such insult and could be a determinant of impulsivrty;

Information proce531ng eff1c1ency Nuessle (1972)

has 1nvestigated the relatlonshlp between conceptual tempo
and 1nformatlon processlng eff1c1ency. Efficiency is this
context is equated with the ab111ty to eliminate 1rrelevant
hypotheses and is termed focu51ng behav1or Nuessle reported
that two variables were related_to focusing behavior : age

.. and conceptual tempo.» Ninth-grade subjects were more
efficient~focusers'than were fifth-grade subjects, and
reflective sﬁbjecte, were significantly better at focuang
than were impdisive subjects. ‘in addition, he reported that
older and reflect1Ve subjects had longer latenc1es follow1ng
task feedback than did younger and 1mpu151ve subjects, and’

longer laten01es follow1ng negatlve feedback were assoc1atedv

with more prof1c1ent focu51ng on the experlmental task

Informatlon . _Ocessing in perceptual learnlng.*'odom,

McIntyre, and Neale (1971) used an information processing
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model to determine the basis of the matching toFsamplo
behav1or of reflective and 1mpu181ve subjects. Briefly,
they deslgned training and transfer tasks that facilitated
performance in accordance with two hypothetical accounts

of perceptual learning. The first, the prototype hypothesis,
asserts that improved perception is a consequence of matching
a senéory input with stored»memory prototypes; thus cognitive
prototypes must be established before matching can improve\
The second, the distinctive feature hypotheeis—(Gibson,

1969) asserts that the detection of dimensions of difference
among stimuli is a function of perception, not-cognition and
memoryv’thus, it is experience that allows the observer to
.discover pérceptuaily those features that distinguish among
stimulus arrays. Pick (1965) has determined that on matching
tasks both prototypic and distinctive feature learning occug,
the latter is clearly superlor to the former, except for
stimuli predisposed to the formatlon of memory prototypes.

In the light of these results Odom et al. predlcted and found
that reflectlve subjects employed distinctive feature learn-

1
‘ng, However, their prediction that impulsiwue subjects would

‘ employ prototypes was not supported. These subjects performed

‘in accord with neither of the postulated methods of per-

b

ceptual learning. Odom et al. speculate that the discrepancy

between the perceptual learning results of the‘two groups

»

may be a consequence of a difference in the degree and amount
- v

. of cognltlve evaluatlon that occurred Impuylsive subjects

may also have learned dlstlnctlve features of the training

-~

hass
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stimuli, but when confronted with the novel stimuli of the

transfer task the typical short late.icies of these subjects

] 1

‘may not have been suffiCient to allow adequate evaluation
of relevant and irrelevant task features. Consequently,
knowledge of the distinctive features would not faCilitate

the performance . impulsive subjects. The difficulty out—

lined by Odom et al. is to demonstrate that impulsive subjects

iuadeguately employ a distinctivebfeature learning process.
In this regard, Zelniker ahd Oppenheimer (1973) have found
‘that distinctive feature training of impu131ve subjects
resulted in fewer errors than did prototype training or an
equ1valent amount of task expérience. This result occurred
after training on a task that required subjects to identify
the single different stimulus Zrom a set - of identical stimuli
,Comparable training on a matching to sample t: < did not
facilitate the performance of the distinctive feature
training‘subjects. These investigators argue that unlike
“the matching-to—sample task, the differentiation task does

- not allow subjects to arrive at a subJectively appropriate
response Without detecting the speCific feature that dis-

“ tinguishes between the.about-to—be—selected alternative and
the.standard Consequently, the differentiation task had

0

| the effect of draWing ‘the subject s attention to details

distinguishing ‘among the stimuli and resulted in distinctive

L]
features learning which, QEE turn, faCilitated performance on.

subsequent discrimination tasks-(including the MFF as Zelniker,

Jeffrey, Ault, and Parsons, 1972, as shown.

o

sy
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Also within an information processing framework,
Siegel, Kirasic and Kilburg (1973) have found thct both
visual feature‘analysis and verbal labelling processes were
involved in conceptual tempo. Ih a subsequent investrgation
: Kilburg ar siegel (1973) have reported that differences in
conceptual tempo are related to individual differences in
the ability to'employ a visual feature analysis and are
‘isdepehdeht‘of verbal labellipgfprocesses. These investi-
gators employed a recognition memory,task which required
subjects to: identify from each of 20 sets .of stimulus pairs
the particular stimuli that‘had been}shown to,the‘subjects
twolweeks earlier. Differences in visual feature analysis
were assessed by the levels of relatlve performance on four
sets of stimulus pairs that contalned systematically ‘man-
';ipulated feature differences. Stimulus Set One-consisted of
an originai stimulus paired with a new ana completely dif-
ferent stimulus In thls condition a correct recognition
response can Be made either on the ba31s of a global feature
r7analy51s and/or on the basis of the verbal name: of the
stimulus. Set Two paired'the-original stimulos with one
“havihg the same name, but ‘differing from the -original in
only ‘one minor visualvfeature. This conditioh required sub-
‘jeéts to conduct a rather»complete‘feature analysis of. the
oriéinal and test stimuli to obtain a correct recognition
respohse. Set Three paired'theuoriginal stimulds'wrth'one
- having the same name;-butvdiffering from the original in

several different visual features. " This condition also
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requjred a feature analysis since the verbal label was held
constant, but in this case a global feature analysis would
be sufficient to produce a correct recognition response.
Set Four consisted of two new stimuli, one compietely new
stimulys having no verbal or figurai relationship to the
originally viewed stlmulusﬁ the other having the same lEEEl
as the original stlmulus, but hav1ng several v1sual features
different from the original. In this‘condition a correct
response can be made only on the basis of the verbal label
attached to the stimulus (or a global template of the |
original), not on the basis ofhspecific visual features.
',The results obtained indicated that while the set comprising
a minute feature chdnge was too difficult for all subjects,
reflective subjects performeF significantly better than
impulsiveysubjects on the task,requiring a generai feature
analysis.‘ These two'gronz, did not dlffer on the task re-
qulrlng only the recall of a verbal label. Kilburg and
Slegel conclude ‘that visual feature analysis is the most
51gn1f1cant cognltlve—perceptual component of reflectlon
1mpu151v1ty, and that verbal medlatlon is not a 51gn1f1cant
~ part of thlS process. These 1nvestlgators also interpret_
‘their results as evidence Y
" ‘against the hypothesls that the nature of the

: search process is different for reflective and

‘impulsive Ss. That is, the differential performance

- of reflective and impulsive Ss is due to a guant-

--itative. difference in the thoroughness of the'process

of feature analysis rather than to a qualltatlve or

process difference. (p. 418).

This result is not in agreement withvthe results of the visual
. . 4
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fixation studies. These investigations,‘cited above, strongly
support a qualitatiive difference. The discrepant results may
arise from comparing performance on different tasks that may

- |
not be comparable. ’

Before leaying the topic . .of perceptualilearning\
strategies and conceptual tempo, it is instructive to cop-
sider the nature of tempo tasks in relation to' feature and
Prototype strategies of learning. Pick (1965) has reported
" that the 1earn1ng strategy employed is a function of the
type of comparisons required by the task. With successive
comparisons on a dlscrlmlnatlon learnlng task, prototype
‘Alearnlng occurred as much as dlstlnctlve-features learnlng
Pick suggests that in thlS 51tuatlon prototype learnlng makes
- possible the detectlon of dlstlnctlve features of the absent
standard With simultaneous comparlsons, however, dlstlnctlve—
features learnlng predomlnated almost to the exclusron of'
prototype learning. As Ple explained there was no need to
memorize the standard in thls condltlon, therefore, proto—
type learnlng was: not necessary. 1In relation to congeptual
tempo, the MFF requlres 81multaneous comparlsons, thus, one
would expect distinctive-features learnlng to predomlnate
~and tralnlng in dlstlnctlve features learnlng to success-
fully modlfy conceptual tempo. In contrast, when conceptual
tempo is assessed by a- tempo task such as the DRT, whlch
requlres successive comparisons, one would expect both
distinctive- features and protocype learnlng to occurr#and

through dffferentlal amounts of feature and prototype
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training, to make possible an assessment of the role of
each of these perceptual learning processes in conceptual

tempo behavior.

Task Solution Strategies

Another categoty of independent variables postulated
to underlie differences in conceptual tempoiare termed task
solution strategies. This label includes difterences‘in
patterns of observing responses, and differences invthe
method of achieving a solution. ‘ | | »

Although Vurpillot'(l968) was testlng the hypothe51s
-that syncretlsm (a lack of coordlnatlon between analy31s and

synthe51s) was due to a def1c1ency of perceptual act1v1ty,'
her results strongly indicate the existence of profound
1ndiv1dual dlfferences in the, strategles employed to soive
perceptual matching tasks The number and'sequence of eye
movemerits were recorded durinq'performance on a task that
required . chlldren to dec1de whether. a palr‘of llne draw1ngs
was the same or dlfferent. Vurpillot attempted to determlne
the amount of 1nformatlon chlldren of dlfferent agea-retalned
from a stlmulus, the klnds of strategles used to make com- -
parlsons, and the ratlonale for their dec151ons The results
’obtalne‘ were as follows- (1) The number of correct responses
was dlrectly related to the age of the child and 1nversely
_éelated to the number of objective differences between
drawings. (2)}Up to age six, the number of fixations was

not related to the number of differences between stimuli;
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i.e., young children viewed only six or seven of a.possible
twelve fixation points. After age six, however, the number

of fixations was directly related to the number of differences
between stimuli. This result suggests that the amount of
information collected was -adapted to the requirements of . the
task. (3) Paired comparison data showed that from,age five

onward, children made more pPaired comparisons on identical

pairs than on different pairs, but from,age seven onward,

paired comparisons were directly related to the number’ of
actual differences between stimulus pairs. |

These results are interpreted:by Vurpillot as evidence
for the postulation of an age-related succession of stages
of comparison task performance. 1In the first stage, children
scan pictures at random and their answers are not. related
to the information collected. Stage two children define
sameness’ by the ex1stence of a common element and difference
by ltS absence, scanning is limited to part of the stimulus

and there is no spatial frame of reference,in which the parts

/ . — : .
of the stimulus are considered. By stage three, the adult

~criteria of "same" and "different" are employed;'i.e;,

identity is defined as the absence of differences and a
difference is relative only to homologous elements of the
stimuli.  1In addition, at this stage comparlsons are artic—

.

ulated w1thin a frame of reference, but. one that is llmited»

'in space and time and includes ~only those elements than can

be scanned and memorized in a few seconds. ‘By stage four,

.a systematic strategy of scanning ‘appears, as well as a. .
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‘ ‘ ¥ ‘
-frame of reference that is temporally sufficient to dis-
criminate between stimuli that have already‘been scanned
and those that have not. |

Support for Vurpillot's position comes from two

investigations, Adams‘(l972) found age;related strategy
differences between reflective and impulsive children on a
“probabiiity learning task. Not only did reflective and
impulsive subjects use dlfferent stratecles to solve the
problem, but also reflectlve and impulsive subjects used
dlfferent strategies at age-51x than they used at age eight.
. This last result has led Adams to suggest that the processes
underlying 1mpu151ve and reflective behavior may change with
1ncrea51ng age. Furthermore, using a matrix.solution task
similar to that used by Bruner; Goodnow, and Austin (1966),
McKinney (1973) has reported that reflective children
~attempted to consider several alternatlve hypotheses and
use a strategy that tested the relevance of conceptual
categories rather than specific instances. »Impulsive
chlldren, in contrast, were less llkely to form abstract
hypotheses and typlcally used 1nformat10n in a random trlal -
and error fashion.. In terms of strategy labels, reflective
'chlldren preferred a scannlng strategy while impulsive
chlldren preferred a focusing strategy. Thls result also_'

~supports Vurplllot slgostulated process of comparison task
4 '
performance. » r

Another advocate of a stage approach to conceptual

tempo is Shine (1971), who found a positive correlatlon
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between reflective MFF responding and two measures of
Piaget'srdecentration construct She suggests?that the
‘stage of perceptual decentratlon attalned by the child is
indicative of his ablllty to dlssect and compare stlmulus
figures Consequently the stage of decentration of the
individual is thought to 1nfluence his style of proce551ng
‘1nformatlon by determining the number of alternatlve
hypotheses.available for selection. This result is also
,consonant with Kagan's theoretlcal dlSCUSSlon of - the role

of hypothe81s generation. in conceptual tempo noted above

S Still another approach to solutlon strategy dlf—

ferences comes from an analy51s of ‘MFF search strategles
whlch suggests .that the eff1c1ency of the search strategy
may be a more 1mportant varlable in understandlng reflectlon-
pimpulsivity than is ,response latency. Zedlniker et al. (1972)
have noted that attempts to mod&fy 1mpu151ve behav10r by
means of response latency modeling (Debus, 1970; Yando &

" Kagan, 1968) and response 1nh1b1tlon tralnlng (Kagan et al.
1966b) have produced 1ncreased response latenc1es, but no
' correspondlng decrease in €rror scores. They suggest that
this failure may indicate that dlfferences 1n conceptual
tempo may be a function of the problem—solv1ng strategles

~employed rather than. the latenCLes of thelr emplgymenk

=

‘Uthls were the case, then effectlve search strategy tralnlng

cu [}

would be more helpful than response latency tralnlng. As
"noted above, Vurplllot (1968) found that the greater frequency

of erroneous same" responses of young children was.a con-

!
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sequence of a limited search of the attributes prior to

respbnding. Zelniker et al. (1972) have noted that

vVUrpillot's finding is applicable to MFF'performance, i.e.

if the search for dlfferences is hasty, minor differences
among varlants are erroneously overlooked In an attempt
\

to teach subjects a more effective search strategy, Zelniker

et al. designed the Differentiating Familiar Figures task

"(DFF), which employed‘the MFF stimuli, but required that

subjects find the variant that differed from the standard
when this variant was located among five variants that were

identical to the standard. Theseplnvestlgators reasoned \

‘_that'the search for a difference in such a task would end

successfully only when the subject found a dlfference,-and
that training on thls task might force subjects to develop
more extenslve search strategles which would tr _ :to
MFF tasks. |
‘Zelniker et al. found that the DFF changed.thev
search strategy of both reflectlve and impulsive subjects

and this chanae transferred to subsequent MFF performance

to the extent that 1mpu151ve subjects 51gn1f1cantly reduced

2

thelr error rate, but dld not Cx nge thelr response latency.

The strategy change occasioned by the'DFF was to reduce the -

proportion of standard~variant comparisons and increase the’

proportion of variant- varlant comparlsons. The decreased
number of MFF errors in a constant perlod of tlme produced.’

by the DFF experlence suggests that comparlsons among variants

is~a more eff1c1ent MFF task strategy than is a standard—

3
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variant comparison strategy.
Zelniker et al. (1972) also noted that with the
longer response latency of reflective,subjects accounted for,
'reflectlve and impulsive subjects did not differ on the.
initial MFF task in terms of fixation duration to each
stimulus or the proportion of t1me spent viewing the standard.‘
- This result lends support to the results of Drake'(1970) ‘
who found no signlflcant differences between the eye move-
n ments of reflective and 1mpulsive subjects durlng the flrst
six seconds of exposure to MFF items. These results _prompt =
‘one to questlon whether performance dlfferences between '-"_
»lreflectlve and impulsive subjects occur during the extra
1nterval of time that reflectlve subjects attend to the |
-stimull, or ‘whether there are differences in the process of
'attending to stimuli that occur\throughout the interval of-
exposure. vOnermethod that might.help'to answer this. question
~ would be to make the response interval constantber.reflective
and 1mpu131ve subjects by requlrlng all subjects to respond
within an amount of time that is typlcally taken by impulsive
'subjects to respond. If performance differences between
- reflective and impulsive subjects persist despite thls ’
latency control, then it could be-assumed that such differ-
ences are not solely a function of a longer period of
attendlng to the stlmull A llmlted degree of eV1dence on
this question comes from Ostfeld and Nelm:rk (1967) . Using
the Conceptual Styles Test (Kagan et al., 1963), these

1nvestlgators required analytlc (reflective) subjects to
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respond within the time interval taken by global (impulsive)
subjects and vice versa. The results 1nd1cated that while
tglobal subjects showed 1ncreased analytic respondlng as a
result of the longer response 1nterval, analytic subjects
still responded analytically in spite of "the shorter response
interval (analytic respondlng has the latency and error-
characteristics that are typical of reflective responding
while global responding has the characteristics of impulsive
respondlng) (Kagan, et al. 1964). More recently) Zelniker,
Cochavi,.and Yered (l974)~have repllcated the Ostfeld and .

Nelmark results.:

To conclude thig’/section, it ls approprlate‘to .ask:
What might be sald about the explanations of conceptual tempo
in general? Quite 51mply, that, as yet, there ‘are no sat-
isfactory explanatlons of the construct Perhaps this is

not surprlslng, for the questlons to be answered by a
satlsfactory expl nation are fundamental ~ones; such as,

Is there such a thing as: a cognlblve tempo; and if there

is, why are there 1fferences in tempo° Several of the

prcposed explah

of - accountlng for a part of the variance attributed to tempo,t

.and show the promlse of being able to do so. More 1nter—

ons of the construct are presently capable

~esting, however, is that each of the explanatlons is
attempting to relate reflectlon impulsivity t0 one or more
'establlshed concepts in the dlsc1p11ne This type of research
is most important for conceptual tempo oecause.it is pre-

cisely the lack of such a relationship that makes the

e
-
-
—

- //,

—



construct suspect as a parsimonious explanation of cognitive
behaviors in humans.

v

EDUCATIONAL IMPLICATIONS OF CONCEPTUAL TEMPO

Thevconceptual tempo construct has a nuﬁber of
‘implications for educational practice. One implication
comes under the heading of aptltude treatment interactions.
. Are there significant interactions between an individual’s
positionhon'the reflection—impulsivity dimension and vari-
_‘ables of instruptionfbsuch as, instructional treatment or
‘the cognitive stylé of the instruétor’I Yando and Kagan
(1968) have indicated that the cognltlve style of the teacher
influences the cognitive styles of students. In addition,
McKinney (1975) has reported that conceptual tempe has’been
‘found to be related to‘the teacher's‘perception of the class—
room behaviors of chlldren, partlcularly impulsive boys, who
are#;een to be more dlstractlble than reflective boys and
all glrls, regardless of their tempo. A morevgermane question,
however, is, What is the effect of cognltlve style on student
learn1ng°' At present attempts to answer this questlon are
lacklng and the 1mpllcatlons of conceptual tempo tend to be
’concerned with perlpheral aspects of education. .J |

One educatlonal 1mpllcatlon of reflectlon 1mpu151v1ty”
concerns the modlflablllty of cognltlve style. If reflectlve
and 1mpu151ve styles are as modifiable as. the llterature “

suggests, then it Seems reasonable to include style flex—
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v

ibility as an educational:objective; Style flexibility
would consist of teaching students to adopt that position

on the reflection~impulsivity dimension which best meets
specific task requirementsf Extreme impulsivity and extreme
reflection are both maladaptive for the majority.of.school
tasks, which usually require a‘task-dependent tradeoff of
speed and accurecyv The work of Heider (l97l) suggests the
very practical implication that dlrect 1nstructlon 1n»1nfor—
mation processing strategles or the structuring of taSks to
force the use of correct strategles may both be effective |
methods of modlfylng 1mpu151ve behav1or. A second implication

of . Helder 8 work derlves from her demonstratlon of & social

‘class dlfference in the'dégree of impulsive behav1or ‘This

,dlfference may well be of asslstance to those investigators.

seek¢ng explanatlons of the con51stent dlfferences in academic

' performance between lower— and middle-class student S.

An implication for educatlon also comes from Schwebel's’

(1966) - ding that the verbal performance of lower-class

boys improvee when they are forced to delay their response.

Schwebel'argues that explic' programs de51§%ed to teach

impulsive chlldren to delhy r spondlng and thlnk through

their response before overtly’ responding, would coneiderably

“improve the performance of these children.

In one of the few examinations of the role of con-.
ceptual tempo in spe01a1 education, Gozali (1969) has found

that the reflectlon ~impulsivity dlmen51on also applles to

educable mentally retarded subjects. Reflectlve retardates
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attempted to solve the MFF problene, while impulsive retard-
ates'tended to employ a position respons et. Howe&er, the
ektension of conceptual tempo into the area of‘exceptional
behaﬁior may not be a simple application of the conventional
tempo measures. “Finch, Deardorff and Montgomery (1974)
report that neitner the latencyvnor the error’variables of
the‘MFf were reliable over a three-month test~retest interval
for a sample of emotionally disturbed children.

Given that one cautiously interprets the data
collected from children exhibiting exceptional emotional
behav1or, several 1nvestigatlons involving emotionally
:disturbed subjects may have some implications for educational
Apractice Finch Pezzuti, Montgomery and Kemp (l975f have |
reported that while samples of reflective and lmpulsl 2
emotionally disturbed children that were matched for both
chronological and mental age did not . differ on a measure of
academic achlevement, the reflective sub]ects were found
to exceed the. impu151ve subgects by two grade placements;

If one overlooks the questionable practice of ‘mental age:
Wmatching aS»a valid means of controlling<intelligence
(Campbell & Stanley, 1963), these results indicate tnat

‘ conceptual tempo may be an extremely important factor in.
school Success. Despite the limitations on the internal

" validity and generalizability of the Finch et al (1974)

‘ results, a difference of. two grade placements strongly
suggests that the relationship between conceptual tempo and

grade placement should be further examined
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W%Eh_regard to edﬁcétional methodology,-Kagan‘
(1967Dh) sﬁggests that;discovery learning ﬁethods are more
approp;iate for réflective than fof impulsive cﬁildren.

The impulsive child does not reflect on the validity of his
.hypotheses and would be expected to cut short the discovery
intervalvwith an impulsively derived hypothésis‘that would
probably bé incorrect. After encountering a sé:ieé of such
. failures in theiaSsence of specific instruction, the im-

pulsive ch%ld would be expected to withdraw‘from suéh a
~humiliating situatiop. L

Wi;h regard to the re}étion between conjeptual tempo
~and particular subject areas, Kagan (1965b) has reported

thét refléétive children;make fe&er errors reading English
prose than do impulsive c;hildre?.2 Based.dn.the{} perférmance
on the.MFF; GS_male‘and'Gs femage,‘first—grade subjeéts wére
4assigned to fgflective orlimpgygive groups. Subjects weré

then asked to identify a word spoken by the investigator

by pointing to”the correct word in a visual display of five

2The educational implications of conceptual tempo for par-
ticular subject areas have, with the exception of the
literature on reading, not been discussed ‘in this paper.

The reason fJt this is. that while many studies of 'this

. hature are available, most are exceptionally poor from an.

. experimental désign point of view. More importantly,

however, these studies are generally of the form of a

- reported correlation between the MFF and a standardized
achievement test or teacher-made test in some subject area
without any attempt to” theoretically explain the relation-
ship between the two measures. For the reader who is -
interested in this question, extensive discussions of the
general educational implications of cognitive style are
available in Kagan (1965a) and Kogan (1971), as well as
some of the subject area investigations that do not suffer
from the limitations noted above; namely, Cathcart and
Liedtke (1969), Coop and Sigel (1971). = . :
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similar alternatives. >Accurate recognition of the spoken
words coincided with longer response delays on the MFF.
In addition, verbal ability was positively correlated with
reading ability, but the relation between a reflective
orientation and reading ability remained significant even
after the influence of verbal skills had been partialled
out (r = .28; p < .05). Using word errors as the Ccriteria
vand'verbal skills and response time as separate predictors,
‘the multiple correlation was .51 for boy~ and 59 for girls\\ //\\
Separate correlations for children high or low on verbal.
ability revealed that the overall relationship was primarily
attributable to high-verbal children. For theseﬁcnildren}
the gorrelations between MFF response . time and reading errors -
were ~-.21 for boys and -.44 for girls, while the corresp0nding"
correlations for low-verbal children were. -.14 for boys and
-.21 for girls. Kagan_explains this discrepancy as being
a consequence of the minimal reading skills-of'the low-verbal
subjects which caused their delay to be due less to response
uncertainty than to conceptual deficit. He notes: "This
‘situation is analogous to asking the authors to write the
equation describing the trajectory of Mariner IV. The
ensuing delay reflects 1ncompetence, not cautious brooding
over a set of alternative answers" (Kagan & Kogan, 1970
&ﬁﬁp. 1312). One year later these same subjects, - \in grade

two, were asked to read some prose paragraphs._limpulsise

children made more errors than did the reflective children,

7ith t+ most freguent type of error 1nvolv1ng word altern—
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atiQeS‘that were graphemically similarlto the‘spoke word;
e.g., "truck" for "trunk" Support . for Kagan's results comes
from Lesiak (1970) who found that reflective first—grade

- females scored significantly higher than their impulsive'
counterparts on tests of word_recognition, reading compre-
hension, anddcritical reading In contrast, however, Denney
"(1974) -found conceptual tempo information did not greatly -
facilitate the identification of good and poor‘elementary
school readers.

' The measurement of’achieuement is another area of
educational practice that maj be affected by individual
differences in conceptual tempo._ The similarity of format
of theQMFF and some types of educational measurement, partic-
ularly measurement fmploylng a multiple ChOlce format, such
as group administered IQ and achievement tests, suggests
that scores may be 'influenced by 1ndiv1dual differences in.
,conceptual tempo.

Finally, a most important educational implicatr6n‘
‘is suggested by the work of Messer (1970b) . In.a two-year
longitudinal'study of children passing from grades one
'through'three, Messer found that children'who failed a grade
were 51gn1ficantly more impu131ve than their peers, butgu '
very comparable in verbal 1ntelllgence. Messer postulates'
ithat conceptual tempo differences are the product of dif-

ferential anxiety over error. From an educational point

- o .
A 3oy

of v1ew, speculation about the ‘cause of tempo differences

seems secondary to the need for an exten51ve»1nvestigation



.0f a possible relationship between conceptual tempo and

failure.
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CHAPTER 3
EXPERIMENT ONE: INTELLIGENCE AND CONCEPTUAL. TEMPO

Notwithstanding the considerable volume of research
that hasvbeen conducted on conceptual tempo, some aspects
of that construct have been neither extensively examined nor

[N

examined in relatiOn to the tempo construct as a whole. The
foperational.definition of reflective and ln;ulsive behavior
.;according'to the dual criteria‘of task errors andAresponse
'") latency results in the loss of those subjecte who score
E either below or above both the latency .and error medians.
. To facilltate discu891on, the four c1a581f1cations for this
expanded conception of conceptual tempo will be labelled
‘fast-accurate (FA) for subjects scoring beiow the latency
'and.error'medians; fast—inaccurate'(FI)ijr'eubjects usually
‘labelled "impulsive":bwho ecore below the latency and above
the error median; slow-accurate (SA) for sybjects usually
: labelled ?reflectlvei, who score above the latency medlan \
_and below the error”medlan; and slow—lnaccurate (SI) for \
sub]ects who score above both the latency and error medlan.\
Kagan (1965a, p. 617-618) ‘addressed the question N
of the effect of the loss of FA and SI subjects from con-
- ceptual tempo samples by comparing word recognltlon performance

of the tempo sample ‘as a whole, with that obtalned follow1ng

the selection o” SA and FIvsubJects accordlng to the dual

‘¢riteria of latency plus errors on the MFF. The analysis

47.
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indicated no significant differences between the correlations
of word recognition errors with MFF latency and MFF errors
for the sample as a whole and the sample followihg the
exclusion of FA'énd SI‘subjects. Consequently, it appears

'to have been tacitly assumed that not only does the exclusion
- i : ‘ : :

-0of FA a%d SI subjects not limit the internal and external
validity of the stﬁdy, but also, this procedure limits the
effects of possible sources of invalidity‘that would
.obfuscate.the results of conceptual tehpo'investigations;
IA Kagan's'words: |

"There is, on the one hand, a small group of
bright subjects who can have relatively fast
response times on easy tasks (like the DRT) but
make few errors. . These children do not have a
fast response time on the MFF because this task
is more difficult than the DRT. It is crucial
to use tasks that are of optimum difficulty for
each age level to guarantee that fast response
times typically lead to high error scores. A
second anomalous group, also small, contains
children whose long response timeés result from
extreme fear. These children may have high
error scores, for they are not reflecting upon
alternative possibilities during the long delay.
They fail to respond quickly because they have
no idea what to say and are afraid of offering
any answer. It is likely that elimination of .
children who show both excessively long response .
times and high error scores will permit us to
understand with greater clarity the antecedents
of the reflective variable (Kagan, 1964, p. 503)".

The first question that Kagan's explanation begs
is: What percenﬁage.of the total sample is represented by
the "small" grogps_of‘subjects that are eliminated from
the sample?. Whiie,the proportibn of the total sampie‘re-

presented by these excluded résponse categories varies from

_study’to'stUdy, an examination of several investigations.



49.

in which the data permitted a’calculation of the number of
‘subjects ‘eliminated indicated an average value of 36.18%
(see Table 1). From a research point of view, these subjects
constitute over one-third of each‘sample selected for |
research opg this construct. To s8imply eliminate such a
iarge number of subjects from an investigation{,certainly
appears to result in a.considerable loss of'information about
thenconstruct being investigated.n Furthermore, in that it h
. is fA and SI subjects wholseem to contradict the construct
of ref%ection;impulsivity, an examination of their perforTance
may reveal valuable'information about conceptual tempo; For
' both-ofjthese reasons, an investigation of'conceptual tempo
as. it applles to all individuals appears to be in order |

A recent and rather extensive conSLderatlon of a
complete sample of conceptualntempo subjects has cast con-
siderable_doubt upon the MFF as a measure of reflection-~
~impulsivity “Block, Block and Harringtc (1974) advance
three major arguments agalnst the MFF as a measure of
vreflectlon—lmpu151v1ty Flrst they note a dlscrepancy
between .the conceptuallzatlon and operatlonallzatlon of
reflectlon—lmpu151v1ty. They argue that while Kagan's
early conceptuallzatlon of the reflectlon~1mpu151v1ty
dimension was deflned solely in terms of response latency
in situations 1nvolv1ng a degree of response uncertainty -
(Kagan, 1965a, l°65c, 1966a, l966b), hls operatlonallzatlon

of the constriict involves two varlables, response 1atency

~and error, which operate con301ntly to 1dent1fy reflectlve



TABLE 1

Percentage of Subjects Ellmlnated from Seventeen Invest-
igations that Employed a. Latency and Error, Dual-Mediar
Split, Operatlonal Deflnltlon of Reflectlon—Impu151vity

. : Percent
Inyestigator/s ~ Date Eliminated

Ault o 1973 | 42
 Block, Block, & Harrington 1974 - 39
Cathcart & Leidtke | 1973 29
Eska & Black 1971 a4
Harrison'é Nadelmanv 1971 S 48
Kagan T 1966p 23
Kagan,,Pearson, & Welch '.'1966a‘A - ~ :49
Katz - .- 1971 . 43
Massari_ . ' ‘ - 1975 _ 27
Messér B - 1970b | 30
McKinney | 195 37
' odom, McIntyre, & Neale ‘ 1971 o 28
Reali & Hall . 1970 32
siegelman = ., 1966 | 44

Weiner & Adamsf ‘ | 1974 . ‘31-
?eln;kggésgﬁgfery, Ault 1972> ) : 29
.Zelnlker4& Oppenheimer a_.‘ 1973 | -, 40

'Combinedqutal Avefage _ ‘ . 36.18

L
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and impulsive behavidis; Conseqnently, they argue that it
is.necessary to unconfound response latency and response
accuracy and determine their separate effects upon MFF
behavior. Second Block et al. (1974) cite several Observ-
ations that strongly challenge the construct valldlty of
the MFF For example, they note that.whlle early 1nvest1—v
gations of visual scanning strategies reported significant
differences between reflective and iﬁpulsive subjectsg
(Siegelman, 1969; Nelson, 1969), more recent 1nvestlgatlons
have reported that the v1sual scannlng strategles of
‘reflective and lmpq151ve subjects do not differ significantly
(Drake7 1968; Zelniker, Jeffery, Ault, &'Parsons, 1972;
Ault, Crawford(, & Jeffery, 1972). Additional examples in-
clude:'the,relative lack of success of the tempo modific-
ation procedures_that emphasize response'latency.change in
contrast with those that emphasized search strategy in-
" struction and have reduced response errors; the lack of
control for regre551on effects in many of the studies that
have reported experlmentally 1nduced changes in response
latency and/or error; and the reports that reflectlve and
impulsive subjects have shown‘51mllar response behav1ors on
~ the MFF following a variety of anxiety arousing situations
- (Messer, 1970a; Reali & Hall, 1970; Ward,>196é). Block'et |
al. (1974) also note that contrary to expectation, the MFF .
operationalization of reflection—impulsivityiis not related
.to several tasks and situations such as motor 1nh1b1tlon,.

delay of gratlflcatlon, and - observer—rated 1mpu151v1ty, even

<
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though it is<reasonable to expect that such indiceées should
be related to reflection-impulsivity. Finally, Block et al.
(1974) using.California Child Q set ratings of children in
each of the four quadrants resulting from MFF latency and
~error median -splits, found that while only two of one
hundred personality traits were signi%icantly associated
with MFF response latency, thirty—two traits were signif—
icantly associated with response errors. Analysis of the
particular traits involved have led Block et al. to p051t
that accuracy, not latency, has been the major variable
laccounting for differences between.MFF defined reflective
and impulsive behavior. Block et al. suggest that differ-
ences in MFF performance may be related to anx1ety which
detrimentally affects the performance of both slow- and
fast—inaccurate subjects, and they-conclude that whatever
MFF accuracy—inaccuracy represents, it is an invalid index .
of the broadbconstructs.of reflection and impulsivity.
Another investigation that included fast—accurate and slow-
finaccurate subjects lends further subport,to the Block

et al. (1974) empha31s on the imp0rtance of response errors.
Ault (1973) has reported that she found no 51gn1flcant

‘differences in performance on Mosher and Hornsby s (1966)

measure of cognitive maturity between‘reflective and fast-

accurate subjects, but she did obtain- significant differences.

3

'between both these groups and 1mpu181ve subjects
It might also be noted that Kagan and Messer {(1975)

_suggested a number of qualifications for the Block et al

\3;"
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{1974) position; however in a rejoinder, Block, Block, and
Harrington (1975) address eaCh‘suggesﬁediqualification then
conclude their original conclusions are still valid;‘ Leaving
,aside the particularsjof'the'debate, the Block et al. (19745
finding, concerning the relative~imp0rtance of accuracy
versus iatency, strongly suggests that the'determination

of the:psychological dynamicslassociated with MFF perform-

ance w1ll 9‘ e R from the additional information gained//

fromuthe
. *"

szJeQP@%;.

'extensively eramlned the behavior of sub]ects in the normally
excluded co-egories was conducted by Eska and Black (1971).
The major variable 1nvolved ir. cheir study was measured
intelligence. Unfortunately, the relatlonshlp between
refiéctioneimpu181v1ty and measured intelligence is not at
all clear. 1In an early 1nvestlgat10n of the tempo . construct
dmeasured intelllgence was reported to be orthogonal to
Leflectlon 1mpu131v1ty (Kagan et.al., 1964). More recent

. studies suggest that the relatlonshlp between these vari-
ables is not orthogOnal for example, Melchenbaum and Goodman
(1969) have found that reflectlve subjects score 81gn1f—
1cantly hlgher than lmpu131ve subjects on all subtests of

the Prlmary Mental Abllltles (PMA) test; namely,vverbal
meanlng, perceptual speed, number fac111ty, and spatidql
ablllty The total battery IQ scores were positively cor-

related with MFF response time (r = .385, p < .05 . However,
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as Meichenbaum and Goodman have noted, the formats ~f the
PMA and MFF are quite. similar. Both measures are matching—
to—sample tasks, and the perceptual speed subtest is Similar
to the MFF in that there is no time limit specified These
investigators go on to suggest that conceptual tempo may
lbe ‘an important determinant of performance on nonverbal

""tests of intelligence This suggestion appears to have
. some support in the tempo literature. |

In an. extensive investigation of the relationship
,betweeanQ and_conceptual tempo, Eska and Black (1971) have
noted the intercorrelations among - IQ, MFF latency, and MFF
error that have been reported by a number of investigators.
These data appear in Table 2 together witn the results of
several more recent investigations that have been added by
the present author. While the nonsignificant latency-~IQ
_correlations of.several of the studies'listed‘support the
position that response uncertainty and deCision times are
.relatively orthogonal -to traditional intelligence test |
'scores, it should ‘be noted that eleven of the twelve studies
listed reportjpositivevcorrelations between latency and 1Q,
- and sevenﬁofrthevtwelvelreport’that’theiobtained correl-
ations‘were significant for.either'malerr female subjects,
or both. Eska and Black suggest that this apparent dis-
crepancy can be explained by conSidering the relationships
#between specific’ subscores of the IQ measures used. Eska
and Black (1971) used the Otis- Lennon Mental Ability Test

,and obtained a Significant correlation between the total/IQ
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score and MFF‘response latency (r =4.33, p < .05 for boys;

£ = .45 p < .01 for girls) However, they note that for
the verbal subscale of the OtlS Lennon the latency-IQ
correlations were not 51gn1flcant (r = .08; p > -05 for boys;
r= .21, p > .05 for giris). Apparently the value of the
total score correlation was primarily a consequence of the
significant correiations obtained for both the figural content
subscale (r = .40, p < .05.for boys; r =.50, p < .Osifor
girls) and the symbolic content subscale (r = .42, g <..05
for boys; r = .26,‘3 < .08 for girls). Theseﬁresults, to-'
gether with the correlationai data summarized in Tab1e72,
,lehd aupport to three general conoiusiona about conceptual
tempor Flrst, MFF respouse latency appears to be positively
correlated with nonverbal measures of 1ntelllgence : Second,
the consistent reports of a negative correlatlon betweeh MFF
latencw_and error Suggests‘that fast responding re@uces MFF
"test performahce.,éfhird, the observation that fourteeh Of
‘twehtyéthree,correlations between MFF errors and IQ cited in
Table 2gare significant negative corre;ations,lplus the
observation that all but one of the reported correlations

are negative, suggests that MFF eirror__is ﬁnversely related

to intelligence.
'Eska and Black (1971) also report several results
related to the inclusi.n of ST and FA subjects in their

investigation. First, 'thefuzeport a trend for‘FA and FI‘

)
subjects to come from a lower SES level than dld SA and SI

=

A subjects. Second, . as noted above, Eska and Black report

-




vsignificant‘positive corr itions between MFF latency and
Otis-Lennon total IQ, and significant negative correlations
 between MFF errorsiand Otis-Lennon total IQ. Although these
results are“in.agreement with the general conclusions given
above, they are‘worthy-of special note because they are
cmobtained from a sample that did not exclude SI and -FA sub-
jects., Third, as would be expected from the correlatlons
cited above, SA subjects were found to scOre slgnlflcantly

| higher than FI subgects on four. of the 1nterrelated Otis-~
Lennon measures of intclllgence~ total IQ, flgural/content
symbolic content, and - mental age. ThlS result is not con-

' gruent with the Kagan'et al. (1964) pos;tlon that conceptual
tempo performance is orthogonal to 1ntelllgence. Re. ctive
subjects are slgniflcantly more intelligent than impu151ve
subjects on the. Otis-Lenz .. "ures. In addltlon,-the
inclusion of»the usually aliminated~SI and'FA subjects pro;;;f,
duced data which suggests ‘he elat10n°h1p g%tween conceptual
tempo and 1ntelllgence is not a. 31mple llnear relatlonshlp.
The only 31gn1f1cant dlfferences in IQ reported for the
four tempo cdndltlons were for the dlagonally opp051te SA
‘and FI cells of the latency X error matrix produced by the
.dual- medlan Spllt procedure. Subjects from these two cells
dlffered on both the latency and error dlmen81ons. In short,
thls result suggests that no significant. IQ -main effects

“were found for elther the MFF latency (fast vs. slow) or

the MFF error (accurate vs. 1naccurate) varlables., Further-

more, ‘and contrary to .a popular bellef the second 1nteract10n,_

S
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comparing thé:IQ scores of FA and SI subjects, also hot‘
significant. ‘For further examination the mean Otis—Lennon“
total I1IQ scores for each tempo were: FI = 107.53,'SA = 116. 87;
tFA.= ll3.00 and SI = 113.07. A puzzling aspect of these
results is the near identical scores of the FA and SI sub- |
Jects Kagan (1965a) has noted that the reflection—impulsivitp.
construct contradicts the coemmonly accen d practice oﬁ
.equating response speed with intelligence. While the Eska.

and Black results do not support Kagan' 8 argument that r.
flective and Aimpulsive subjects do not differ in intelligence,
'theif results very strongly support Kagan's observation that
A’MFF response latency is not inversely related to. 1nte111gence.
First,»their ‘results indicate that SA sub]ects are more
intelligent than FI subJects Second, they report that SI

‘Bubjects are not sign,_icantly dlfferent in 1ntelligence.

.'from FA subjects.

Yo

‘The additional information provided by the SI and
»FA subjects is particularly interesting because it .comes
rfrom experi. --al conditlons in which the reported signife
1cant p051t1ve correlatlon between MFF latency and IQ and - .
the. 91gn1f1cant negatlve correlatlon ‘between MFF error and
IQ are placed in opp081t10n to each other. It would appear
"that the separate 51gn1f1cant relationships that response

’;latency and error have w1th IQ oppose and negate each other.,

‘._1n the SI and FA tempo condltlons.‘ In addition, the Eska

'and Black.results suggest that despite the observed sig-

nificantbcorrelations between‘MFF“latency, MFF error and -
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- 1Q, neither the latency nor the error variable is assoc-
'iated with a significant difference in IQ Qheh}either
variable is evaluated in isolation. 1In other words, with
1Q as the dependent variable, the4main effects for MFF |
latency and.error are not signifioant. Only.the‘latency
by error interac:ion is 31gnif1cant, and that occurs only
when the two le' - each variable are combined to thke

full advantage of tne underlying negative corref&ﬁ&ﬁn between

latency and error.

O

Finally, Eska and Black (1971) also report that S -
. N g
subjects employed the strategy of physically removing the e
portable response alternatives from their line of sight as %

each alternative was eliminated from COnsideration.r'In

contrast, FA subjects demonstrated little of this behavior -\

\a

It is ndteworthy that the time taken to remove stimuli

]

‘would itself contribute to the‘separatlon of SA and;FA oo
aubjects on the MFF latency dimension. ;Since few, if any,
other conceptual tempo stodies have_emplOyed portable
response alternativea and the qahipulation of alternatives

. . . % . : .

takes time, the Eska‘ahd Blaok k197l) results may not be
strlctly comparable with the resulte of conceptual tempo
:lnvestlgatlons employing conventlonai non-manlpulable
response altennatives. In view of the reported obServation .
that subjects in the four tempo condltlons differentially |

-took advantage of the opportunlty to manlpulate response

|
" alternatives (fifiteen of twenty-one subjects who system-

’/
¢

atlcally‘man;pulated alternatrves were in the SA category,

|
1
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while only three were in the FA category) the caution about
the generalizability of their results seems especially
pertinent, particularly when they have used the obtained
latenCies to describe and discriminate among four categories
}_of conceptual tempo'rather than two.

’ Given the additional information provided. by the
inclusion of SI and FA subjects, the contradiction of the
postulated orthogonal relationship between conceptual tempo
and intelligence, and the possibility that the inclusion
.0f portable response alternatives in the conceptual tempo
task contributed uninterpreted variance to the results,_
an“attempt was8 made to partially repllcate the Eska,and
Blaok (1971) investiéationvand assess the relationships
betWeen response‘latency, error, and IQ for four rather'
~ than two conceptual tempo categories. In accord‘w1th the
results of Eska_and Black (1971) and the summary of con-~
ceptual tempo-IQ investigations presented above, it was
anticipated that the results would reveal*a positive cor-
relation between MFF latency and IQ, and ;;gative correlations
between MFF errors and IQ, ‘and MFF latency and MFF errors.
In addition, it was ant1c1pated that SA subjects would
score higher than FI subjects on- the IQ measures and that
'no other'51gnif1cant IQ differences would occur among the

remaining conceptual tempo combinations. - ' . _ %ﬁ
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R : METHOD ' \

Subjects T _ | _ ' -

Letters requesting the: perm1551on of parents for

'thelr children to part1c1pa e in a psychologlcal,study (see

Appendix B) were circulated to the parents of grade 5
students enrolled in two urban elementary schools located

in‘predominantly middlefclass residential areas of St.

\John's, Newfoundland. Of the 198 letters that were returned,

187 approyed'thelr cb#%gﬁsuparticipation in the investi-
gation. Subject‘mortallty reduoed the sample size‘to ap
final total of 175 subject®.. The los3 of twelve subjects.
occurred for the following reasons: withdrawal'trom'school
(one subject); misunderstanding of intelligence test‘

instructions (seven subjects); and experlmenter error in

the administration of the MFF (four sub]ects)

B

Each of the MFF items appeared on’ 1nterfac1ng 22 X

28 cm. pages of a c01l -bound test booklet, with the stang; rd

appearing on one‘page and the six alternatlves on the. ’het;
The booklet was placed with its length horizontal on a port—
able stand, approx1mately '40 cm. from the eyes of a subject

“c

seated at a table. The portable stand supported the test
booklet such that the lower page was sloped toward the
subject at én angle of 25° from the horlzontal plane of

the table. The-upper page was 51mllarly sloped at an angle

AL
R
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of 115°. Response latencies were timed to the nearest

secondlby a stopwatch.

Procedure
Initially, the .Canadian Lorge Thorndike Intelllgence
Test Level C Form One, was administered to each of six grade
five classes according to the standardized‘proceduré out-
lined in the test manual The Canadlan Lorge—Thorndlke
con81sts of a verbal battery and a nonverbal battery Wthh
are combined to yleld a full scale IQ score. The verbal
battery consists of flve subtests: comprehension, sentence
"completlon, arithmetic, semantlc similarities, and verbal
analogles. The nonverbal battery ConSlStS of three sub-~
ytests~ pictorial similarities, numerical serlatlon, and
pictorial analogles. The verbal battery-lnvolves 35 minutes
of -actual testing time, whéle the nonverbal battery 1nvolves
27 mlnutes. In practlce, ;agh battery requlred approx-
1mately one hour to. administer, with a flfteen mlnute ‘recess
between batteries. Beglnnlng two days 1ater, each subject \
'was admlnlstered the MFF‘— Elementary Level (Kagan et al.
1964) accordang to the 1nstructlons supplled with the test
. (see Appendlx C) To fac111tate scorlng, one of the numbers\
one through six was stenc1led below and to the right of eacu'
figure. The number one was ass1gned to the left-most altern—
‘atlve in the top row and numberlng proceeded horlzontally

by rows. Subjects were asked to select from among six

51m11ar alternatives the one alternative that matched the
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}

standard stimulus presented above, and indicate their‘choice
" by verbalizing the number corresponding to the alternative
‘they chose. _ To 1nsure that all subjects underctood the
instructions, two i itial practice items were provided.
While several subjects dld not correctly complete the first
practice item, this opportunity for remedial 1nstruction was
sufficient such that all subjects completed the second

“

practice item in accord with the . prescribed procedure. The
dependent variables 8cored were the subject's response.latency
in seconds to the first alternative selection and the total o
number of incorrect selectlons up to a maximum of six errors
Follow1ng the procedure outlined by Kagan (1966a),-
subjects were classified according to a dual—median split
of the response latency and error variables.‘ Subjects who
scored above the group latency median and below the group
kerror median were classified as reflective or SA. Subjects
who scored below the latency median and above the error
median were classified as 1mpulsive or FI. 1In addition to
thesentypical categories, the two_remainingvcellsﬂof the
latency-error matrix were also included‘in the»investigation.
Subjects who scored above the group_létency median and above
the group error median were classified as'SI;‘subjects

- scoring below both medians were classified as FA.

Design
A ‘two-way factorial,'fixed effects model analysis
of variance was used'to(anaIYZe mean differences between

- -
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conceptual.tempo conditions‘on ngr'dependent variahles:
chronological age, verbal IQ, nonverbalV;Q, and COmposite

1Q. .In’addition, this design was also used to‘analyze MFF
latency and MFF error to determine 1f the dual—median split
procedure dld in fact produce s1gn1f1cant latency and error
mean differences. The two factors analyrea were sex (male
ahd_female) and conceptual tempo (FI, SI, FA, and SA). If
the interac*ion effect was significaht, testsion main effects
were then replaced by analyses of sxmple main effects (winer,
1971, pp. 435 442) Individual comparisons ‘were tested by’

t tests, Newman-Keuls sequential range tests, or'Scheﬁfe,
multiple‘comparisons (Winer; 1971, pp. 35, 191, and 198
respectivelY), depending upon'whiCh test was appropriate.

A probability level of a = .05 was accepted for all tes S of
y/;

significance except the Scheffe multiple compariso ue

to the extremely conservative nature of the Scheffe, the
“probability for this test was sget at a %'.10} as recommended

by Winer (1971, p. 201).
RESUL™S

The latency and error medians for the 175 subjects
that completed all phases of the 1nvestlgat10n were 115.51
seconds and 8.50 errors.. Using the dual-median split pro—

cedure, these medlans produced the dlstrlbutlon of subjects

" given 1n Table 3. The percentage of subjects occurring in -

the normalily excluded FA and SI tempo categories is 27%.



TABLE 3

' Number of Observations by Sex.and'Conceptual Tempo

¢

Condition

Female

Male " Total
N N N
FI 39 20 59 .
ST 11 13 24
FA 13 10 23
sA 29 40 68
. TOTAL 92 83

175

65.



While this value is lower tha  the average value of 36.18%
noted above, it is within the 23% to 49% range of values
cited for the 1nvestlgatlons that contributed to that.
average.

The means and standard dev1atlons for each of the
four conceptual tempos for the MFF latency and error vari-
iables are presented in Table 4. A Summary of a sex X tempo,
two~way analysis of Variance for MFF response latencies is
presented in Table 5 ThlB analy51s revealed a 51gn1f1cant
tempo main effect (F = 72.84, p < -000001) . Scheffe multiple
comparisons of MFF response latencies indicated the median
split of the latency varlable produced highly 31gn1f1cant
dlfferences in response latency between the means of the
fast and slow tempo groups (p's < .001) Furthermore, ‘SA
subjects (X = 200 49 seconds) took 51gn1f1cantly longer
than SI subjects (X = l52.38'seconds) tO‘complete the MFF
,test (p <'.001) Wlth regard to MFF errors, a sex X tempo
analysis of varlance again produced a slgnlflcant tempo main
'effect (F = lOS 81 P < 000001) and no 51gn1f1cant result
for elther the sex main effect or the sex X’ tempo 1nteract10n

(see Table 6) Sch. ‘e multlple comparlsons of means in-
dicate that the error means of all accurate cells produced
_by the medlan Spllt are szgnlflcantly dlfferent than the
'error means of the 1naacurate cells (R's < .001). Further-

more, thls analy51s also lndlcates that SI subjects made an

S
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TABLE 4

Conceptual Tempo Means and Standard Deviations for the MFF
' Latency and Error Variables

Tempo

Dependent , - =
Variable ' FI SI FA SA .
N \ 59 24 23 69
MFF Latency in Seconds S S
X ' 86.63 152.38 . 87.26  200.49
S.D. | : ) ;9.65 - 36.80 20.40 - 65.65
' MFE'E:rors ‘
- W - | i
X * 13.27 10.83 6.

s.D. | < 3.78 1.46 1.58  2.35




TABLE 5

Summary AnalySis‘of' Variance of MFF Response Latencies

Source SS af MSs F P
‘Tempo  466765.00 . 3  155580.00 72.84 <.000001
Sex 1778.00 1 1778.00 .83  >.05
A x B 3658.00 3. 1219.33 .57  >.05
167 2136.16

Error

356738.00

68.



TABLE 6

Summary Analysis of Variance of MFF Response Errorsg

Source ; Ss af MS
A Tempo.  2437.08 3 812.30
B  Sex 4.55 1 4.55
AXx B 35.98 3 11.99
1281.86 167 7.68

Error

B B
105.83  <.000001
.59 >.05

>.05




average of 2. 44 fewer errors than d1d FI subjects (p <f.05f,_
’and SA subjects made an average of 1.81 fewer errors“than

did FA subjects (p < .10). Taken together the ar -s of
the IIFF latency and error results indicate that the . 1tency

and error dual-medlan split procedure produced 81gn1f1cantly
different conceptual tempo g. Jups In addltlon, ‘unanticipated
significant differences in both lateucy and error for groups
falling on the’same-side‘of.the latehcy or error medians, ’u
may be interpreted as being the product of a negative cor-
relation between MFF response latency-and‘errors (Pearson _ ~
. = -.60, p < .001).
.The correlations among the six dependent'variables'

measured in the investigation' MFF 1atency and error,

Canadlan Lorge- Thorndlke verbal, nonverbai\und composite
IQ, and chronological age, are presented in Tables 7 and 8
.for the sex and tempo independent Varlables, respectively.

As expected, the negatlve correlatlons betWeen MFF latency

and error were signlflcant for botr les and females, and
_~the correlatlons among the three measures of 1nte111gence
‘approx1mated the large p081t1ve values c1ted in the Canadian

Lorge-Thorndike test manual. Add;tlonally, 31gn1f1cant

' ;negatlve correlatlons between chronologlcal age and 1ntel-

‘ligence were obtained for each of the three measures of

>

1nte111gence. Further 1nvest1gatlon of +hls relatlonshlp

for each sex indicated that whlle each of the twelve correl~

ations calculated wWas negative, the values -were 51gn1f1cant

only for female subjects. Addltlonal investlgatlon of this
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relatlonship suggested that a negatlve correlation between

chronologlcal/age and IQ was, related to the fact that thlrteen

students in the sample had grade placements one year lower

!

| than was approprlate for thelr-thronological age. of these . e

students (fiVe male and elght female) all had composite IQ
scores that were below the mean for this sample (108 60) and

five of the elght female and one of the flve ma@e students

1

S had composite IQ scores that approached one standard deviation

-

Lo

Yy

- and the three measures- O

below the test meaﬂ‘ (Tho mean and standard devxatlon for
M

the Canadian Lorge—Thorndlke are X = 100, and S = 16).

B>

The correlatlon Ffor the.lnd1v1dual tempo groups
e

o

Rz - {
are preseqted in Table %‘“ﬁﬂgaim, the correlatlons among MFF
iatency and error are negative, but 1t is nottworthy that

these values fail to: %eaqp 81gn1f1cance for the SA and FA

éztempo condltions. “Also, for aach cohceptualctempo the

8

correlationg between the three measgpes of 1ntelllgence'

T again’ suppogm the P sxtlve values noted in the ﬂest manual

-«

v _
Wlth regard t@ thé relatlonshlp between chronologicg}*age.u

. Zi
k4 o Sary

{llgence, only the negatlve

corf atlonsﬁfor the FI tem"" 'ndltlon*were.51gn1f1cant,‘

but agaln all of the correlatlons for each of the four don-~ @

- <

ceptual tempos were negat1Ve. ,' : ; L o
W : Wt
6

~With the- exceptlon of a 51gn1f1cant negatlve cor-
relation for FI subjects on the nonverggl IQ measure, MFF
L]

response latency was not SLgnlflcantly related to the measures

of intelligenge.  Furthermore, with the exception of Ehe
correlations for SA subjects on the nonverbal and(composite ,
_ \ : y o

7



IQ variables, MFF response errors were also not significantly‘
related to the measures of intelligence -

The means and standard dev1ations for the chrono-
logi« al age and Canadian Lorge- Thorndike IQ variables are

pre >nted in Table 9. A_twp‘yay Ksex,)i'tempo) analysis of

.ance for the chrohol:g;"#v age variable 1ndicated that

.n the sex and tempo main effects and the 1nteract10n were

o

not significant (see Table 10) . In COntrast, samilar two—

way analyses for the 1IQ variables (see Table 11) 1nd1cated

the presence of a signlficant sex X tempo interaction for S
both the Verbal IQ (F = 3.01, p < .05) and Compdsite IQ ﬁ

(F = 2.75, p.< .05). -

ot

,' . Simple effects analyses conducted on the Verbal IQ

B
> . ."~

variableﬂindicated that the variance among tempo magns was

o TN
3\_29‘.(:-

significant only for female subjects (F 2. 90, E < .04).
()Rast hoc Scheffe multiple comparisons surprlsingly failed
A}indicate the presence of any 91gn1f1cant simple contrasts. S

. The«Lmallest probabllity occurring between verbal IQ means

was.E = .l487, a coriparison of -the means for the SI (X =
N 98.23) and FA (X = 109.80) tempo cond;tions. Fuither siﬁple
} effects analysis of the. Verbal IQ scores revealed a marglnally
tE 81gnif1cant sex difference for SI subjects. " The Verbal IQ

A !
of SI male subjects (X = 110.45) was SIgnlficantly higher

w0 — - )
LA thaﬁ)that of ST female subjects (X 8$%3,*E = 2.12, pt< ¥
. Josy. | ' | '
e ' /_ withrregardfto the composite 10 “scores, one:way“ _iﬁ§ﬁi

¢ simple effects analyses of variance revealed a significant

»
y
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-~
Tempo
Dependent . ’ >
Variable . FI SI FA SA
N 59 24 23 69
‘“%?Chronological'Age in Months ‘
X 127.95 127.88 128.83 128.10
s 4.69  4.97 3.53 4.71
Verbal IQ &
X g 103.02 103.83 108.52 102.65
s e 14.47 14:72  14.42  10.27
{ - Nonverbal IQ s , K :
r ~ . . : SR - *
X 109.29 111.54 117.39 110.80
8 "y15.39  17.37 13.14 13.26
t . “r V ‘ Bl ' \ a | ' )
Composite IQ ‘. o
. \ ~ “ . ] .
X)) 106.36 107.96 113.13 106.94
s « 13.49 13.92 12.15  10.57,
PR : 3 ] . .
: -
L . 4 .*.4“ '
7 » ' 3&"’

. TABLE 9

75.

Conceptual Tempo Means and Standard Deviaﬁions for Chron-
ological Age, Verbal IQ, Nonverbal IQ and Composite IQ
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o

TABLE 10

Summary Analysis of Variance of Chronolbgical Age Means

Source SS - dfir - MS F r '>‘
s
A  Tempo 11.00 ° 3 3.67 17 >.05
B Sex - 4.00 1 4.00 .18 > 95"
Ax B . 62.00 3 20.67 .95 .5 ¥
Error 3641.00 - 167 - 21.80. o T
0 . '



TABLE 11

Summary Anclysis of Variance of Verbal, Nonverbal, and
Composite IQ Means

[

|+
o~

Source se af M$

Verbal IQ

‘A Tempo ©  55§.60 . . 3 . 184.33 1.10  >.05

B Sex 182.00 1 182.00 1.08 >.05
AxB , 1516.00° . 3  505.33  3.01  <.05

e ' .28032.00 , 167 . 167.86 C s

'“jiNonverbal IQ

v “ N - PR

=

‘A TemMpo - 1137.00 . 23 % 379.00° . 1.76 © 3,05

B Bex . . .189.0C . 1. 199.000 .93 >.05
AXB - .'1202.00 3 400.67 1.87 .05
Error 35874.00 - - 167  214.81

e e P T S D D e M S P S P S = M e A G T G s S e e e S P =0 A A T e o M e e

' Composite IQ N o @
A Tempo _  785.00 3 261%67

B  Sex ~0.00 1 0.00 0.00 >.05

AxB . 1247.00 3 415.67 ' 2.75  <.05

Error - 25240.00 167 ~  151.14

. ~
\d . . . '
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overall tempo diffﬁkence for female subjects (F = 3.36,
p < 03) Post hoc SCheffe multiple comparisons produced
two significant simple contrasts: FA IQ scores (X 116.80).
were significantly greater than were either SI IQ scores
(103 39, P < 05) or SA IQ scores (X = 106.13, p < .10).
Simple effects, two-tail t teSts on the levels of the tempo
variable produced no significant sex differences, though
the difference for the‘SI‘subjects approached significance
(X male = 113.36 versus X female‘= 103.38, t =1.79, g
B, < 087y, N
In:summary,‘theseddata‘indicated that the four’cone
ceptual tempos did’reflect the latency and error behaviors
indicated by their various labels, and in general, there

H\«yx‘

.were no dif¥ mes between sexes or among conceptual tempos

K

in IQ. ‘ Specf i& differences in Composite IQ were, however,v

found fprlthe SI subjects: SI males were more intelligent

than were SI females; and’for female subjects: FA females -

-

were more intelligent than were either SI or’SA females.

DISCUSSION

/.uJ 2

.

L ' - -

o | ~
In general, the results appear to support the

feasibility of using the latency versus accuracy dual-median

/

split procedure of 1dentify1ng mean differences in MFF test o

‘/ behav1or This prqcedure produced four categories of sub-

N

] cts ‘that did differ 51gn1ficantly from one. another in .

Ty

R g;rections that~were compatible titi/the category labels.

’
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»Furthermore, while.the percentage of subjects classified in

the usually excluded FA and SI tempo condltlons (27%) was

less than the mean’ value (36%) calculated for the seventeen
investigations~cited above, ‘the obtained value supports the : o

argument that the exclusion procedure eliminates a substantialkﬁgff

'part of the sample and 1€g3111 be argued results in the loss. A{,‘%%
1nformation that is related to the conceptual tempo construct. v
Wlth regard to the relationships among theﬁgwo MFF
variables, latency and error, and the several dependent
" variables of the Canadian Lorge-Thorndike, the results only
partially agree w1th ‘the Eska and Black (1971) results
First, the relatioﬁship between MFF latency and error cal-
culated for a sample 1nclud1ng FA and S1I subjects does not
Adlffer substantially from those earlier investigations 01ted
.above that excluded these subjects ®'The observed correl-
ation (r = -.60) is’ similar to the wvalues noted in the
~earlier investigations and it agrees w1th the value for this
relationship that was reported by Eska and Black (1971).
h'However, the latency and error scores of these two groups.
lie on opposite sides of their respective mec 1s and wouldPJ
when,combined tend}to cancel one ‘another and ‘not affect

’

the original relationshlp obtained for the FI (impulsive)

kY

and SA (reflectlve) tempo condltions. Examinatlon of. the _

mean latency ‘and error scores of the SI and FA tempo groups

incicatés con51derable support for thlS 1nterpretation_—\\\\N—//)//,

CTaarly, the relationship between latency and error on the MFF

is more complex than that described by the reflection—

\
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\

impulsivity dimension and investigations of conceptual tempo

* can only benefit from a redefiﬂégﬁon of the construct that

includes the FA and Sifperformance‘conditions. Second, the
correlation between'MFF latency and IQ is ‘not significant
and it does not support the positive relationship between
these variables repo%ted by Eska.and Black (1971). The non-
significant correlation observed between MFFalatency and‘

&

-

verbal IQ does support the nonsignificant .telationship-
reported by Eska and Black for this variable, put the non-
significant correlationsﬁfor the'nonverbal and cogpositeﬂIQ'
variables are compatiblé with neither the Eska and Black
(i97l) results nor the predominantly positive, often sig-
nificant correlatlona reporte y several previous inves-
tlgations that are. &nmmarlzed L Table 2. Further analysis
of this relatlonshlp g%t each of the four tempo condltlons'

indicated that while the latency—IQ.relat;onshlp*was-not 5

significant ovér all tempo conditions, there was a significant .

negative correlation for the FI tempo condition on :the non-

verbal IQ variable. This result was not anticipated and

-

-~
v/lnspectlon of’the data does not sugéést a reason for 1t

A similar relatlonshlp was observed between MFF ~,

s’ ?«,‘w

errors ang IQ. Dver all four tempo conditiqgns comblned “his

-‘relationship was not 81gn1f1cant, but for the SA tempo on .

‘the nonverbab and compos1te IQ varlables a 51gn1£4cant

el -

negatlve correlatlon was obtained , ThlS result is consonant

| w1th the p031t10n that MFF performance 1s ‘positively related

to nonverbal intelligence. What is not explained is,why'
. . . ) L‘ . R . ‘ . - . s

w

~
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LA

"déthis relationshlp occurs only for SA suhjectszlInspection

"of the macnitndes of the MFF latency and error_correlations'
‘suggests avpossihle answer. The everage MFF latency-error
correlations are higher for fast snbjects than they‘are.for
slow subjects, r's = -.395 and -.320, respectively. There-

- fore, MFF errors may be'more a function of response speed

than a function of intelllgence for fast tempo subJects,

and more a functlon of 1ntelllgence than a function of

~ response speed for. slow tempo\subjects.i The Canadlan Lorge— ot

Thorndike employs a multiple-ch01ce test format with no

-

penalty for gueBSLng. Consequently, 1t-is advantageous
.-A&

for a subject to answer the test ltems quickly to ensure

o ¢
that all test 1tems gwe completed EVQ“ if a subject does:

Ay

not know the answers, . hlS score wrll~1ﬂdnease“!n proportlon
W3,

by

to the change level of the number of questlons completed. -

Since there ls a tlme llmlt on each of the subtests oOf. the

Canadlan Lorge—Thorndlke, 1t.seems reason‘ : ’ to assume

that given the difference in concepgualbgroblem—solbing}
speed between fast and slow conceptual tempo subjects, fast
subjects would complete more IQiiggt items w1th1n the test
t/ye limits' than would slowy sub]ects, and thereby, spurlouslyo,
" -benefit from a comblnatlon of speed and chance. 1In contrast,
if sktow sd%jects did not complete all_test'items,ftheir-IQ «
would he'reduced in-proportion-to the chance value of thé.
nnmher ot ltems.not completed.'-In‘short, the Canadian Lorgei%
»%horndike Intelligence,Test may be biased in favor'of fast -

tempo subjects.. While it is the case that the difference

r



- between the latency-error correlations of the fast‘and slow

subjects is not significant, some evidence in support of

the bias hypothesis comes from an analy51s of the number of

-

1ntelligence test items not completed by subjects in the four

htempo conditions. For elght of the nine subtests in the

verbal and nonverbal batteries, fast subjects‘completed moreggg§§

IQ test items than did slow subjects" One way analyses of

variance performed on the mean numbers of items not completed

.indicated that these dlfferences were significant Only for.
the nonverbal test battery, spec1f1cally for the plctorlal

slmilarltles subtest (F = 3’53’w%;'= 3/171,’pr=‘.016), the

. numerical seriation subtest»(F = 4, 09 af = 3/l7l B = ,;008),
- and the total score for the nonvarbal test battEry (F = 4.01,

é; = 3/171, P = .009). Scheffe- multlple comparlsons of ‘con-

A
s

w
..

ceptual tempo means 1ndlcated that in the plctorlal 51T11ar1t1Fs -

subtest, SA subjects (X 2 42) omitted smgnlflcantly more
.1tems than dld FA subjects (X % .70, xg = .087) in the
numerical serlatlon subtest, SA subjects (f = 4, 93),omdtted

srgnrflcantly more 1tems ;than did FI subjects (X 2. 76,.

-+

p‘='.017); and for the total nonverbal battery, SA subjects

¥

(? = 8.35) omltted 51gn1flcantly more items than did either

Ff’(x 4.53 p = :032) or FA subjects (X = 3.87, p = .086).

Con31dered ln total, these results suggest that the IQ scores.

of ﬁast subjects were augmented by thelr response speed

, The 31gn1f1cant negative correldtlon between MFF errors and

'_IQ for SA subjects on the nonverbal and comp051te IQ scores,\

reflects the observatlon that on the nonverbal IQ measure
. /

4



(and by definition partly on the composite IQ measure) the
‘relationship between MFF errors and IQ was little, if at all,
biased by resoonse speed. This observation of response |
latency bias in the IQ scores, suggests ‘that the relation—
ships reported between conceptual tempo and intelligence
should be examined for this source of bias. In that almost
e all.intelligence tests have speCific time limits, it may
be that the IQ 1; ls of FI and SA subjects have repeatedly
-;@;:.‘ beek, respectively,‘over— and underestimated

With regard to’ the intelligence levels of the f//r,

tempos reported in Table 9 the. results do not support ‘Eska.

't

lland Black s (1911) observation that refIéctive subjects were’

'-wmore intelligent than impuISive subjects on all but one ”f

ur(verbal intelligence) of the five Otis-ILennon Mental Ability
| Test measures of intq}ligence In the present investigation,
T no significant main'%ffect differences in intelligence were’

©

observed for either ‘the sex or conceptual tempo variables.
» §
The interaction between these variables was Significant but
ifurther analYSis indicated that the Significant results were
" ‘related to d&fferences among subjects in verbal IQ, the only
intelligence variable that did not. show Significant tempo “
~ differences in the Eska and Black investigation. Furthermore,
vthe s1gnificant differences in intelligence between conceptual
'tempo groups observed in. the interactionQare contrary to
those reported by Eska and Black.' SpeCifically, the oresent

-results indicate that Significant differences in- intelligence

\eXist only for SI subjects: and,fof female subjects : Concerning
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»

the SI. tempo condition,'the simple effects analysis of the _
interaction lndlcated that the verbal IQ score of SI males
'was 51gn1flcantly higher than t&at of ST females However,
given that this. dlfference was a completely unant101pated
marginally significant result that has not been reported in H.lﬁ
other 1nvestlgations, it seems prudent to suspect this

result may be due to Type I error. ‘ Among female subjects,

- FA tempo subjects were more 1ntelllgent than either SI or -

SA tempo subjects as lndexed by the composxte IQ variable.
p;}& )

However, %n that the composite IQ is the arithmetic average
of the &érbal and nonverbal IQ s, and the verbal IQ measure

.also lndlcated 51gn1f10ant dlfferences among tempo groups-

‘that were similar to compOSIte IQ dlfferences it seems

'reasgnable to conclude that thevobserved dlfferences between ‘5;)s
9 o

gt

tempos in intelllqence were prlmsrlly a functlon of dlfferences

Zivin verbal lntelllgence ) In general, the results 1nd1cate that

vfor male subjects the four conceptual tempo,condltlons Go not Wv;

<

differ in lntellrgence, whlle for. female subjects, the d1f¥

ferences xn 1nte111gence that do- ex1st support the- pOpular
&, / C .
noticn that fast—acCurate performers are more 1ntelllge/t/ T

than slow performers ——feven when the latter perform dccur—

ately : However, the observatlon that the IQ scores dé fast’ /
Ne—— "

tempo - subjects is 1nf1ated by thelr reSponse Speed sugéests

~ that the results of thls and other lnvestlgatlons of the -
N :

relatlonshlp between lntelllgence and conceptual tempo should

. be v1ewed Wlth susp1c1on untll the effect of-the’ blas has
u‘ . . . .- ’ ' )

__been determlned and controlled



a ’ CHAPTER 4
EXPERIMENT TWO: PROBLEM DTERICULTY AND CONCEPTUAL TEMPO

The second questlon that thlS 1nvest1gat10n will
attempt to answer concerns the nature of the FA and SI tempos
and thelr relationship to the FI and SA tempo categorles
It is ant1c1pated that—manlpulatlon of the dlfflculty levels
of conceptual’ tempo tasks will differentially~change the
latency-error relationships of the four categories of con-
ceptual'tempq. The direction‘and-magnitude of these differ—
' ential changes may provide information about postulated
interreiationships ameng'tempo categories and the problem-
solving behaviors occurring within these categories. '

| To date, the only reported investigation'of the
relationship between problem diféiculty and conceptual tempo
includes a methodoloéical difficulty that limits the general-
/izability of_its.results."Yando and Kagan (1970) manlpulated
MFF complex1ty by varying the number of avallable choice
alternatlves from two through twelve. A repeated measures
de51gn was employed in Wthh each subject was administered
c..e of ten modified MFF tests at weekly 1ntervals; bng 1ing:
w1th a two~alternat1ve test and endlng with a twelve altern-
atiVe test Subjects were classified on the basis of their
performance on the stand:r¢ six-alternative MFF into one of
tnree categories: Fi, SA, and nonfextreme (above or below

both the error and latency‘medians),

85.



86.

The results revealed significant differences between
tempo categories on both'the latency and error variables.
Waile all groups showed an increase in response time as the
‘number of alternative- increaseé, thie effect was greatest
for SA subjects and leastlﬁor FI subjects. In contrast,
the increase in errors corresponding to the ‘increase in
number of alternatives was greatest for FI st sects and
least for SA subjeCte. For both dependent S : non-
extreme subjects’occupied an intermediate‘p(*iticﬂ ‘2tween
the valueS'for the SA and FI response styles. However, thlS
p051t10n appears to be due to the poollng of scores from’
diagonal cells of ‘the latency X error matrlx. The non-
extreme values - are error and latency means calculated for
subjects that were not W1th1n the dual—medlan criteria
deflning FI and SA subjects. These remaining-subjects
‘occupied both the FA and SI cells of the matrix, and the
calcﬁlation'of mean latency and error scores maybseriously
mlsrepresent the Herformance of both groups on both varlables.
An analogous procedare would be to average the latency and
" error scores of FI and SA subjects. The result would be
subjects that respond at a ﬁoderate tate of speed and a
" moderate rate of error. This stucy strongly emphasizes the
point made above concernlng the operatlonal deflnltlon of
conceptual tempo, namely, that each cell created by the dual-
medlap split should be included in conceptual tempo studies

as separate levels of the tempo variable and analyied

accordingly.
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» In a second analysis of their data, Yando and Kagyan .
(1970) compared the performance of’subjects who were con-
sistently FI, SA, or non-extreme, across all 10 MFF admin-
istrations. The stability‘of.response'styles is indicated
. by the relatively large percentage of subjects who maintained
their original .response style classification for 10 separate
MFF adr.in._sitrations. These percentagés were as follows: 57%
consistently_FI, 54%‘consistently SA and 64% consistently
non;extreme. These subsamples dramatically mirrored‘the-
results for the total group. Consistently_SA subjects showed
no increase in errors across'tests, despite'the increase in
difficulty.‘ These subjects did, however, show 1ncreases in
response latency that corresponded to ificreases in task
difficulty (e. g., 17 seconds for the 2- varlant test versus
58 seconds for the lZ—varlant test) . In contrast FI sub-
jects showed no significant increase in response latency in
response to\Qhe increase in task difficulty (e.g., 9 seconds
; .
for the 2-variant test versus 12 seconds for the l2-variant
test). 1In short/ SA subjects adjusted response latency in
accord with problem difficulty; FI subjects did not.

A quali ication to this generalization about latency
adjustlng is tHat at least a part of the increase in response
errors of FI subjects may have been due to the 1ncrea51ng
number of alternatlves, rather than to increased problem
difficulty.' Evidence in support of this argument comes from
a consideration of the error data of several tempo invest-

i

igations (Meichenbaum & Goodman, 1969; Odom et al., 1971;
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Ridberg, Parke, & lletherington, 1971). These data indicate
that the error rate of FI subjects agproximates a chance
level of responding. Consequently, if subjects simply
guessed answers, the number of errors conmitted would be a
function of the number'of aleennatives aveilable. Inspectiqn
f ofbﬁhe Yando and Kagan data indicates that the number'ef
errors committed is relativeiy proportional eo-the number
of:alternatives dvailable. For this reason.it is not certsin
nhether the increesed number of errors was 1e to the in-
creased difficulty'of processing information from aéditional
aiternatives, or simply the redUced chanee of guessing
correctly. A better test of'the,difficnlty hypothesis would
hold constant the number of .available response altennatives
and manipulafe difficulty within that constraint.

| Yando and Kagan note that the generality of their
results is limited by the confounding of task difficulty
. with a pracﬁice effectf This occurred as a_result of the
constant orde; bf'administration of tasks in which the number
of alternétives inCreased linearly each week. :it would be
expected that experience gained during’the task wouid reduce
the difficulty:levels of tasks occurring later in ﬁhe,series._

While the Yando en& Kaéan (1976) study prdvides some

information abont the relationship between problem difficulty
and’conceptual tempo, the practice of combining.the results
for FA and SI subjects; the varying number of alternatives
affecting'thevlevel of chance, and‘the'eccurrence of a con-.

founding practice effect -- all suggest that further invest-~
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igation'of~this relationship may provide additional inform-
ation about conceptual tempo. SpeCifically, if problem
difficulty were varied within the context of a conventional
six-~ variant, matching-to-sample, conceptual tempo task, the
results would not be biased by a prattice effect or the
alteration of the level of chance, and the task would more
closely approx1mate the MFF classification task than did the
Yando and Kagan (1971) procedure This alternative method
of difficulty manipulation, combined w1th ‘the incluSion of
‘each of the four tempo classifications in the experimental
design, should prov1de information about the stability of
the tempo claSSifications, and the directions and magnitddes
- of changes in the error latency ratios that define the tempo
classifications This information would faCilitate under- <\\
standing of the’ tempo construct in two ways. First, it would
indicate which, if any, of the tempo categories were inter-
h'related. Second,‘eVidence of interrelationships or their
absence would facilitate the task of determining the validity
of the conceptual tempo construct. The primary concern of
an examination of the relationship between conceptual tempo
and problem difficulty‘is the determination of the consequences
of increases in problem difficulty for each of the four con-
ceptual tempos defined by a dual-median split. Whilg'this
relationship has not been reported.for\FA and SI subjects,
.the tempo literature does make it-possible to suggest probable

directions and magnitudes of change for SA and FI sub]ects,

“and the pOSSibility of a problem-solVing prbcess Similarity



 between SA and FA subjectsdon one side of the aééuraby
median, and FI and SI subjects on the:othér;h érom these
two observations, it is possible to deduce testable con-.
sequenceé for the error aha}latgncy~sco£eswof FA. and sT
subjects; | f |
First, cbnsider evidence on the relationshiﬁlbetweén'

problem difficulﬁy and conceptual tempo. Yapdo and Kagan
(1970) ﬁave reported that for SA subjects,'iﬁcreasgd levels
of problem difficuity were aébodiatéd,with increased latency,
bﬁt not increased erfor. In contrast,.for FI subjects in-
, creésed difficulty was associated with increased error, but
not increased 1aténcy. Non-extreme subﬁects (FA and SI
sdbjects.combined).showed a moderate increase in score on
both the latency and error variables with each increase in
prqblem' difficulty. |

o Given that the data for ‘SA and FI'sﬁbjects is accep£—
able, what might account for the observed relationship of
f"non-extréme" subjects? It could be the product of an
fncrease in both errors and latency forAboth Fhe FA and SI
groups. It might also be a product ofian increase in errors
for one tempq and an incfease in latency'for.the other.
While adequate evidence to suppbrt a decision between thesé °
- alternatives is lacking,vthere'ié'one observétioh from the
tempo literature that may>be interpretedvasvéuppbrt for ﬁhe_ﬁ
latter position. 1In one of the few evaluaﬁiohs of the
problem;solving strategies of all four tempo categories : ;“\/)/;/

reported to date, Ault et al. (1972) studied the visual

~
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scannlng strategles of subjects in each of the four quad-

rants resulting from blfurcatlon of the latency and errorv

performance dimensions of the MFF. Data from video recordings
. . v ‘ .

of eye movements of the subjects indicated that all children

employed a paired—ccmparison scanning strategy to solve MFF.

; R :
problems. In compartson with FI or SI subjects, the low error

kY

rates of SA and FA subjects appear to result from spending a

larger .proportion of time making systematic "returns", i.e.,

‘viewihg one stimulus, then ancther,_then returning to view

the first stimulus again. In addition to quantitative

differences in the number of returns made by high- and low-

error-rate subjects, a pcst hoc ahalysis revealed qualitative

differences in the types of returns employed by these two
classes of subjects. An additional’ varlable, extent of

returns, was defined as the extent of a series of return

fixations between the same two/stimuli This varlable

indicated that whlle hlgh—error subjects tended to alternate
their gaze back and forth many times between the same two |
stimuli prior tc fixating a _different stimulus, low-error

, s .
subjects made a greater variety of systematic comparisons

by alternating their gaze between two stimuli and frequently

app;ying this viewing strategy to various pairs of stimuli.
Ault et al. interpret this result as an indication that SA
subjects employ a more eystematic scanning pattern than do
FI and SI subjects. Theeelinveétigators also note that FA
subjects have a higher rd@e of returns than FI subjects,

but have an equivalent_average response latency. .From this
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result they cohclude that FA subjects-.also employ a different
scenning pattern than do FI subjects. A‘difficulty with
this interpretation is that FA subjects were found to vieu
significahtly_fewer variants ahd_have a significantly higher
"extent of returns" rate than the other three MFF groups.

The difficulty arising from this finding is that a non-
significant difference between SA and FI subjects on the
"extent of returns" dependent variable was interpreted as
evidence that the higher pe:centage of all_returns‘of SA
subjects was attributable to a more systematic scanning
pattern among various'pairs of alternatives, rather than a
more diligent application of the process used by FI,subjects.
It would seem that if this interpretation were extended to
. FA subjects, their scanning strateéy would ironically have
to be described as a diligeht application of the.scanning
strategy of FI subjects. While Ault et al. do not speculate
about the nature of the scannlng pattern of FA subjects,
their results lead to the anomalous conclus1on_that’these
subjects solve MFF problems by rapidly e#ecuting a large
number of paired comparlsons on a restricted subset of the
available alternatlves. The anomaly of thlS result is two-
fcld. First, the result that FA subjects viewed significantly
fewer variants than did all other classes of subjects does
not seem consistent with the low rate of error- reported for
these subjects. Second, the result that‘the scannihg strategy
of FA subjects appears to be an extensive application of the

‘ stretegy used by FI subjects suggests that the low error
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rates of SA and FA sﬁbjects.may not he a simple conseguence
of a greater number of return fixations. Both of these
results suggest that FA subjects ma} employ a visual scanning
strategy‘different from those used by subjects in each of

the other MFF perfofmance categories. The fixation of fewer
variants and numerous return fixations on the same two
stimuli suggest that.FA subjects may intensively search only
a few of the available alternatives until either featufe
differences are located within‘each of the alternatives and
the search is transferred to other alternatiyes, or np
‘feature difference is located in an alternatiVe.and a match
is reported: Suppbrt for this speculation'is‘suggested by
the‘reaulg reported in Auit et al. that FA subjects fixated
the‘gtahdard stimulus a significantly greater number of times
than did either SI or FI subjects, A clear imp}ication of
the work of Ault et al. (1972) is that the inclusion of .FA ,
and SI subjects adds a new dimension to the study of coﬁ—
céptual tempo. Theif results suégeSt to this writer that

for the purpose of determining thé relationship between
,latehcy and accuracy in‘alternative choice behaviof, it may
.bevmore helpful to considef individual differences in latency
within accuracy classifications rather than between these
classificapions. On the Basis of this dbserVed dissimilafity
in the scanning strategies of the accurate and'iﬁaccurate

. tempo categories reported by Ault et al_‘(1972), and the

results of Yando and Kagan (1970) for SA and FI subjects,

e

the following hypotheses were postulated:
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(1) - For both SA and FA subjects, reppsnse latency will
increase significantly as a function of problem'
difficulty. \

(2) For both FI and SI subjects, response errors will’

\\,
increase 81gn1flcantly as a functlon of problem

)
- ',”\‘

difficult | /””' i
, Y- - | \\\
(3) For all conceptual tempo sub]egts comblned the

- \\ SN
correlation between response,lagency andxgrrors

.~ N . A

will increase directly as a function of problem

difficulty.

METHOD

Subjects
Fifty-eight male and forty-six female student vol-
unteers, enrolled in three grade five classes in_a-middlé—
ciass elementary school, participated in the experiment.
The average age of the subjects was 129 months, with a
standard deviation of 6.45 months. Foilowiﬁg an admin-
istration of the MFF, subjects were classified into one of
four conceptual tempo categorles accordlng to the conventional
.dual-median split procedure.l The medlan values obtalned were
116.l§.seconds ;nd 9.39 errors. The resulting distribution
of subjscts‘is presented in Table 12. ‘ '/f
In accord sich_Fergusbn'sArechmendation (Feréusdn,,

Ty

1971, p. 203), equal cell sizes were obtained by randomly



TABLE 12

Distribution of Problem Difficulty Subjects Produced by

the MFF Classification Task

Conceptual Tempo

Total

. Sex FI SI FA SA

Male 30 7 8 13 58

Female 17 6 7 16 46
47 13 15 29 104

Combined
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selecting from each cell the number of st.ojects equal to
that of the smallest cell. 1In the present case, thirteen
subjects were initially seleéted from.each cell. However,
due to the prolonged absence of two subjeéts in the small
SI cell, it was necessary to randomly reduce- the remaining

cells to a final size of eleven subjects.

o )

Apparatus '

The apparatus was the same as that described in

Experiment One. » o G

Procedure \
Initially, the MFF was administered to each of the
44 subjects. Beginning three days later, each shbject Qés
administered a difficulty-ordered matchingfto—sample test '
similar to the MFF. For convenience this testrwas’called
the ConceptuaiITempp Test (CTT). Threé\samplé items from
the CTT are presented in Appendix E. The CTT is a twelvé—
item, six-altefnatiVe, matching4to-éaﬁple'task with two
practice items to assist the subject. Unlike the MFF, the
items of the CTT are ordered into three levels of difficulty:
high, medium; and low, 5; means of redun;ant‘ihformation in
the form of feature differences between the standard and the
alternative. At the lowest level of difficulty (LD)‘eéch
valternative, except the correct alternative has three feature

differences between it and the standard figure. -In *hat

it is only necessary to identify one feature difference to
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N o
rende:. an alternative incorrect, ‘'ne two additionai differ;:;
ences are reduadant and serve only to in rease the probahility
of the iten being detected as being differen. from,the . |
standard by the ecbject.' At the moderate level of di{ficulty
'»(MD) two fedture differences result in one redundant featufe
and at the highest level of difficulty (HD) rn~ redundant
"feature differences occur -- as is the case for the MFF items.
‘There are four CTT items‘at each of the three levels of

‘difficulty. The CTT was administered and scored in accord -

with the procedure outlined in Experiment One- for the MFF

Desigm

A two—ﬁay factorial, fixed effecte model analysis
of variance was used.tc anaiyze.mean differences in reSpohse
latencies and errors on theMCTT The two factors analyzed i
were problem difficulty (high, medium, and low difficulty A:h
levels) and. conceptual tempo (FI, SI, Fa, and SA). If the
1nteraction effect was, significant, tests om main ef‘ cts”
were ther replaced by analyses of 91mple main effects (Winerf
l97l, pp 435-442). Ind1v1dual comparisoqs,we:e tested by ¢
t tests or-Newman-Keuls Sequential Range tests} depemding |

upon which tésts were appropriate. A probability"level of

a = .05 was accepted for all tests of significance; o ]

RESULTS

Table 13 presents the performance data of the four

£

conceptdalﬁtémpe catedo;iesbfor the difficulty—ordered'CTT.
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A two-way analysis of variance (tempo X difficulty)
on the mean CTT response latencies revealed that both the. N
tempo (F = 8.68, df = 3/40, p < .001) and difficulty (F =
22.47, df = 2/80, p < .000001) main effects were significant
(see Table 14). Newman-Keuls multiple comparisons of the
tempo means revealed that FI and fA subjécts take less time
to respond to CfTTitéms than do either SI or SA subjects

(all p's < .01).%

JNo other differences between tempos were
significant. Newman-Keuls multiple comparisons of CTT
aifficﬁlty means indicate that problem difficulty was
ofthogonal;'LD problems took’ less time than MD pfoblems

_“(E < .Oi) and MD problems took less time than did HD problems

ﬁA(E < fOS). In short, the latency measures supported the |

.information redundanqy dig;inction befween-stimuli‘as-a:
valid index of problem difficulty for the experiment. .

- A significént,interactioﬁ was also obtained between
the gembo and difficulty variables) thué necessitaﬁing the
ahalysis'of simple main effects. One-way simple effects
analfses of variance and Newman-Keuls multiple coﬁ@arisons
of mean response'latenc§‘diff§fences among fempos.indicated‘
significant témpo'differences occurred at all three ievels

~of diffiéulty; The magnitude of these differences was as
follows: LD (F = 11.25,‘g§ 3/40, p < .001), MD (F-= 11.72,

df = 3/40, p < .0001), and HC (F = 5.21, df = 3.40, p < .01).

4Complete summary statistics for the main effects analysis
of variance and, when significance levels warrant. the
simple effects analyses and Newman-Keuls multiple com-
parisons are presented as consecutive tables in Appendix F.
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TABLE 14

Tempo X' leficulty Analysis .of Variance of Mean CTT Response
Latencies ‘

Source SS df MS

|
e
ro

Between Subjects 106216.75 43

A (Tempo) 41895.13 3 13965.04 8.68 <.
Subjects Within - :

Groups 64321.81 40 1608.05
Within Subjects 47798.00 88
B (Difficulty) 15393.82 2 7696.91 22.47 <.0000001
AXB : ~ 5002.90 6  833.82 2.43 <.05

B XISubjects Within |
Groups 27401.56 80 342.52
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The Newman-Keuls multiple comparisons among means 1nd1cated
that the pattern of significant differences among means was
the same for each level of difficulty; namely, that. FI and
FA tempo subjects take significantly less time to respond
to CTT}items than do SI and SA‘tempojﬁubjects,'and that

p
within the fast and slow latency conditions the differences

between the accurate“and inaccurate subjects‘is not signif-
icant. This lnteractlon is more clearly demonstrated in
Flgure 5. ;

(G , *
Simple effects analyses of variance and appropriate
Newman-Keuls multiple comparisons of problem difficulty level
latency means for'each conceptual tempo were.also conducted.
These analyses indicated that response latencies varied
directly with problem difficulty for FA, SI, and SA subjects
(F = 6.31, ég = 2/20, p < .0l; F =6.73, df = 2/20, p < .01;
and F = 9.95,- df = 2/20,'3 < .001; respectively)“ In contrast,
no significant latency differences were obtained for FI sub-
jects. Newman- Keuls multlple comparisons revealed that for
FAa subjects LD problems requ1red less time than did elther
. MD or HD problems (p < .05, and_p < TOl’ respectively).
" The response latency difference between MD and HD‘prOblems
was not”significant. ‘A similar pattern of dlfferences occurred
for both the SI and SA condltlons, except that for SI sub- //
jects the difference between the response latencies for low’
and medlum dlfflculty problems was not 51gn1f1cant s

Response errors on -the CTT are also presented in-

rTable 13. A two-way analy51s of variance (tempo X dlfflculty)
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t

conducted on these data produced Significant main effects
for the tempo variable (F = 5. 51,3 df = 3/40, p < .003), and
the difficulty variable (F = 27.83,'d£ = 3/40, p < .0000001),
with no significant interaction (see Table 15). |

Newmaaneuls multiple comparisons of classification
tempos indicated that FI and FA subjects 'committed more CTT
errors than did SI and SA subjects (p's < .0l1). 1In addition,
SI subjects committed more errors than did SA subjects
(p's- < .OS); Figure 6 better illustrates these resultsll

Newman-Keuls multiple comparisons of CTT error means
for the significant problem difficulty main effect indicated
that LD problems produced fewer errors’than either MD (p <
.0l) or HD (E‘< .Ol)rproblems.. However; the error difference
between MD and HD problems failed to reach 31gn1f1cance.
Consequently, the»redundancy based method of establishing
different levels of problem difficulty wasvonly partially
valid‘for.the errors variable. It should be noted,'however,
that while some of the differences between difficulty_levels
were not significant for the latency and/Or error variables,
all differences were in the expected direction.

In summary: first, the latency variable and in part
the error variable of the CTT support the distinctions made
among the three difficulty levels of the CTT. SeCOnd both
the latency and error variables of the CTT indicate that, the.
FI and Fa conceptual tempo subjects‘perform differently’from
the SI and SA tempO'subjects on tasks involving different

levels of problem difficulty. Third, conceptual tempo inter—

&y
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TABLE 15
Tempo X Difficulty Analysis bf.Variance of Mean CTT Response
: Errors : . o
&
Source ss  at Ms| . F P
Between Subjects 399.48 43 |
A (Tempo) 116.75 3 38.92 = 5.51 <.003
Subjects Within '
Groups 282.73 40 7.07 |
- ' :
Within Subjects 615.33 88
B (Difficulty) 242.01 2 121.01 27.83  <.0000001
AXB 25.50 € 4.25  0.98  >.05
B X Subjects Within o
Groups 347.82 80 4.35
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acﬁs with' problem difficulty. to affect/response latencieg.
Thé effect ofldifficulty levels on conceptual tempo latency
differeﬂces was that although the pattern of tempd latencies,
FI =~ FA < SI = SA, remained constant across the difficulty
levels of this experiment, the latency scores wiﬁhin.tempps;
particulafly the SI and SA conditions, became increasingly
hetefogeneous with increasing levels of difficulty. Thé
effect of individual tempos on the levels of problem diffic-
u;ty was quite varied. Fastfinaccuraté subjects did not
significantly change their response,latencies for any level
of problem difficulty. The rémaining three'tempos did spend.
signifigiétly less time on LD problems than HD problems,

but they/did not . temporally differentiate between MD and'HD.«
level problems and SI}sﬁbjeCts did not temporally differ-
entiate between LD and MD level problems. Finally, the two
accuraté tempo caﬁegories, FA and SA, took a'significantly
'shorter period of time to cofiplete LD problems than to
complété MD problems or HD probléms. For the CTT errofs
variable, FI and FA" subjects méde sié;ificantly more errors
"than SI subjects, who, in turn, made significantly more
errofs than SA subjects. 1In addition, the problem-difficulty
main effect indiéétéd that LD problems produced a signif-
icahtly greater number of errors than MD and HD problems.
The differenceAbetweepvthe latter t&o difficulty levels was
not significant.

L With one exception noted, the foregoing analyses

suggest that it is response latency rather than response.

-~
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‘accuracy which is significantly related to Eoth the response
latency and error variables of the CTT. - Unfortunately, by
definition the conceptual tempo classifications confound

the latency and error variables; such that, it is not possible
to-maintain the traditional classifications and assess the
separate effects of MFF latency and errors on‘CTT perform~
ance. Since the data from this experiment indicate that

such as assessment may clarify the role of problem difficulty
in conceptual tempo, the traditional, conjoint MFF latency_
and erroQr tempo classificaticns were abandoned in favor of
separate latency and error cla851fications to determine the
independent effects of each variable upon CTT performance

<

Means and standard dev1ations for these variables are presented
in Table 16 andfare summarized graphically 1n‘Fignres 8 and

9 to better illustrate the pattern of results. Three-way
analyses of variance (latency X errors X difficulty) were
conducted on the CTT latency and error means (Tables 17 and

18, respectively). The pattern of_significant differences

is guite similar-for both variables; that is, the latency

main effects are significant for both the CTT latency

=
"

25.64, df = 1/40, p < .00001) and error (F = 14.17,

df = 1/40, p < .OOl)cariables; the difficulty main effectsl
are also significant for both the latency (E = 22;47;

df = 2/80, p < .000C ) and error (F = 27.83, df =-2‘)80_,
p < .0000001) variables; and the main effects for the MFF
errors yariaﬁle are not Significant for either of the CTT

dependent variables. 1In addition,'the only significant
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'interaction obtained was thenlatengy X difficulty inter-
action for thé CTT lafency variable. |

J?ost hoc Newman-Keuls multiple coﬁparisons of.dif—
ficulty level means for the CTT error variable indicate that
LD problems produced significanﬁly_fewer errors than did
either MD or HD problemé (p's < .01). The mean number of
errdrs did gbt differ significantly between the MD and HD
levels. With,reéa:d ﬁo the latency factor, the data indicate
that fast éubjects committed a significantly greater number
of CTT errors than did slow subjects (F = 14.17, df = 1/40,
p < .001). | . .
| The significant latencf<x difficulty interaction
obtained for the CTT 1aten¢y,variable necessitateS'simple'

effects analyses of variance for both these factors. Begin-

ﬁing with the latency factor, gsimple effects analyses of

' &+

variance and Newman-Keuls multiple cpmparisons of mean CTT
latencies indicate the presence of significant differences .
in response latency on the three difficﬁlt&-levels of the
.CTT'for;béth fast (F = 8.49, af 5‘2/42, p < .0009) and slow
- 15.90, 4af = 2/42, p < .00001) subjects. TheiNéwman—

- Keuls multiple cqmparisons indicate £hat both fast aqd'slow
subjects take significantly less timé‘to sblvé Lb than ©
or HD‘leQel pr65léms (p's < .01). The cohbarisons also
indicate fhat slow subjects also spepd s%gnificantly less
time on MD proﬁlems than Qhey do_on HD probiems (p <,.05),
This same relationship is not significant for faét o

>

subjects.
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Finally, independent sample t tests performed on
the. latency means of fast and slow subjects at eaeh level
of CTT difficulty indicated that slow subjects spent sig-
vnifieantly more time on the problems at each level of

difficulty than did fast subjects (LD t = 5.93, p < 0000006; 5

A

MD t = 5.68, p < 000002; HD t =4.03, p .0003);

In summary, Fidure'Q presents a.general.outline pf
the results ebtained. - Analysis of the CTT lateney and error
scores as segarate dependent variables produced the folloWing
resultsf First, the problem'difficulty m;nipulatiob was
only partially_successful for both tﬁé CTT error and latency
variables. ' In terms of CTT errors, LD probl..is produced
fewer errors than either MD or HD problems, but the error
difference between MD and HD problems was not -significant,

. albeit in the right direqtion.' For the CTT latency variable,
‘a significant latency X difficulty interaetion necessitated
separate analysis of problem difficulty latencies for slow
and fast subjects For fast subjects, the pattern of dif-
k'ferences paralleled that obtalned for the CTT errors variable;
that 1s, LD problems requlred less time than either MD or -

- HD problems, while. the latter two levels did not differ
significantly. 1In contrast, for slow subjeCts-LD_broblems
required less time than MD prOblems and in turn MD problems'

- required less time than HD problems. Second, the MFF latency -

variable~was significant for both the CTT error and latency

-St values expressed are all for df = 42, and probablllty
values stated are for two- tall tests of 31gn1f1cance.
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’vériables.i With regard to CTT errors, a significant,main
effect indicated that slow'subﬁects made fewer errbrs than
fast éubjects at all levels of problem difficulty. For the
‘CTT latency variable, analysis of the‘significant iatency X
difficulty interaction revealed that fast subjects'consiste
“ently took less time éhan slow subjects at all difficulty
levels of the -CTT. Third, and finally, MFF errofs as a
separate independent variable did not significantly account
for variance.onkeither the-CTT latency or errors variable.
Correlations between the CTT lafehcy and error vari-
ables are presented in Table 19; The most néfeworthy aspect
of theée data is thé curvilinear relationsﬁip‘of the cor—'aib
relation between CTT 1atency aﬁd error.  At ail levels of
problem difficulty for tﬁé latency variable thg.correlations
forvtﬁe levels of the error variable display a consistent - |
paﬁférn; namely,.that while all latency-efror correiations
are negative anc¢ :ignificant, the values for MD problems
afe ccﬁsisténtly-higher than those for either LD>or‘HD .
prleemé. It is aiso noteworthy that while tﬁe CTT latency
~intercorrelations for>£he Ehree.levels of difficulty aré all
vexceptionaliy high, the intercérrelgtions for the CTT errors
variable are quite low. 1In fact, tﬁe correlations betwéen
\the LD level and both the MD and HD levels.failed to be
sign;ficant:(i = .l3,f§nd r = ;12, respeétivelY). Inspection -
of the mganierrof values suggests that the LD task was hot

sufficiently difficult to reliably discriminate among  the

four tempo categories. However, despite the apparent
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simplicity of the task, slow sabjects still allotted a
signifiéanfly greater amount of time for the task than did
fast subjects;

Considered in total, separate analyses of'thé latency
and errér variables appear to yield a more parsimonious
explanation of the relationship between conceptual tempo
and broblem'difficulty than doeg ﬁhe conventional, combined
analysis. Differeaces in CTT performance at all levels of
difficulty and for-both'the latency and error variables
:apﬁear to be associated with,individual differencés.in MFF

latency, hot MFF errors.
DISCUSSION

" The observed lack of importance of the MFF error
factor was nat at all aﬁf&cipated. On the contrary, the
underlying rationalé for the stated hypotheses was that
within the confoqndéd cohtexts of_temposboperatiOnally
defined by mediah—split combinations of 1aten§yiand.erfqr,
error would be the QOminant variable.:: quégquently, several
hypotheses were not supported. Specifiaally, hypqtheses
. one and two'predicted_thagﬁwiﬁh increasing'problem difficuity,
agcﬁrate SubjeCts, whetherkthey were slow 6r fast,'wbuld
maintain their aaéuracy'by reducing their reSpOnse'spead;

while inaccurate subjects, whether slow or fast, would

03

_proceed-at the same speed, ;égardless of problem difficulty,

and still furtherbfeduce their accuracy level. These.
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hypotheses were partially supported for SA and T tempo
subjecte. This part}of the prediction.was based urn and
clearly supports the results of Yando and Kagan (1970) .

COnsequently, one would conclude that the confoundin effects

of practice and the differential probability of gue551ng

correctly were not substantlal in their 1nvest1gatlon The

hypotheses were not supported.by the results for the FA and

+8I tempo subjects. Fast-accurate subjects’responded‘to

increasing difficulty by maintaining their speed and de~

- creasing their accuracy. Slow-inaccurate subjects decreased

their speed and maintained their level of accuracy. It is

“noteworthy that while the CTT latency and error Valhes of

the FA and SI su“Jects are 51gn1f1cantly different, they

- would 1f €ombined, approximate mid-point values betWeeh the

FI and SsAa tempo subjeéts and would_reeemble Yando and Kagan's

(1970) "non-extreme" subjects. The tempo results do not

,support the 1nference made from the Ault et al. (1972)

1nvest1gatron of the visual’ scannlng patterns of ‘the four
conceptnal tempos. Accurate subjects do . not dlffer signif-

icantly from inaccurate subjects, in splte of the srgnlflcantlyl

'dlfferent scannlng patterns reported by Ault et al. (1972);

It was also noted that in the Ault%et al. investigatién, the
scanning strategy of FA subjects was unusuai'in thatithesel
subjects fixated éignifieantly fewer Variants and.had a
signifiéantly higher ' 'extent of returns" rate, i.e., a series
of returns between the same two- alternatlves " From this it

\_‘\\

was concluded that FA sub]ects employ the same scanning
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strategy as FI.subjects. The data from the prese;t inves-
tigation lena support to this conclusion. Due to the
relative nature of the defiﬁition of conéeptual tempo; FA
subjeéts bécame FI sﬁbjects on the CTT and‘SI subjects
became SA subjects. It must be noted, héwever, that fhé
dépendent variables in the Ault et al. f1972) investigation
aré entirely différent>frbm those of ﬁhe present investigation.
Therefore, the noted support or laék of it applies only to
the inferences drawn by this.investigator from the Ault et
‘al. results, not to the results themselves. |
The curvilinear nature of the negative corre.

Setween CTT laténcy'and érror réfutes.Hypothesis Three, “ha.
»this correlatioﬁ will increaseldirectly with problem dif-
diculty. pengﬁhy reconsidération of this relati&q&?ip

, : L
pxoduqed no‘logi¢al:explanations which could be supported
by the present data. | |

| In geﬁeral} the fesults appear to support the feas-
.ibility of'usiﬁg feature difference redundancy'aS an empirical
means of eStablishing differences in prdblem difficulty on
matching-to-sample tasks. Résponse latehcy and error
meééures.taken af each level of difficulty<}ndicated that, .
in gene:alf problems involving three feature differences
were éasier to solve than those'involving either two differ-
ences or one difference. For the latency variable, problems
involving‘ﬁwo featute différencgs were easier to solve than
‘those with one feature difference. This result was notl

significant, however,'for the error variable. Analysis of
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the cla331f1catlon tempo X problem difficulty interaction

for the latency variable indicated that while the 51gn1f1cance
of«differences between difficulty levels varies for the
dlfferent conceptual tempos, the lack of 51gn1f1cance between
the MD and HD levels °is constant for all conceptual tempos.
leen thls result plus the slmllar result for the errors
variable, one must conclude that the dlfflculty manlpulatlon
‘for these two levels was not successful. Whether the failure
was spec1f1c to the stimuli used in this experlment or an
1nstance of a generlc 1nab111ty to discriminate between the
two types of stimuli in a matching-to- sample context is not
known. Further research on this question is planned.

With regard to the effect of classification tempo
upon CTT performance, the results for the_latency variable
support the lnltlal MFF _empo classification. 1In terms of
response latency, FI and FA subjects were 31gn1f1cantly |
faster than 81 and SA subjects. In contrast, the error
variable-did not support the initial tempo classification.

, ln‘terms of errors committed, FI and FA subjécts made'sig—'
nificantly more errors than did SI and SA subjects, but
.within both the fast and slow categories, accurate subjects
‘did not differ significantly from inaccurate subjects. 'Thls”
result'suggests'that the error half of thewoperational |

' definitlon oflconceotual tempo may not be a reliablevpre-
dictor of errors on‘matching;to;sample tasks‘in which the
problems vary in difficulty. A better predictor of‘bbth

~response latency and errors on the1CTT appears to be MFF
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response latency. Unfortunately, neither of these con-
clusions can be made from an analysis.in which tempo was an
independent variable. Tempo wag’itself a‘setvof specific
combinations of both the latency and error variables;
consequently,'neither of Ehese variables is examined in
isolation. For this reason, a second analyeis was performed
which included MFF latency and error as separate independent
variables along with the Probleh difficulty variable. The
resultSVSupported the earlier speculation. The MFF error
factor was not significantly related to elther the latency
"Or error variablebof the CTT, nor was it a part of any
significant interaction. 1In con;rast,"borh the MFF latency
and difficulty factors were highly significant and so was
the interaction between these factors. At all leQels of
problem difficulty fast subjects spent significantly less
time on CTT problems and'made'significantly more errors

. ' J
than did slow subjects. With regard. to problem dlfflculty,
LD problems took less t1me and produced fewer errors than
MD or HD problems for both fast and slow subjecﬁ In
addition, slow eubjects spent a_significantly smaller emountl
of tlme on MD problems than HD problems. This difference"

was not reflected 1n the error scores, nor was it dlsplayed

by fast subjects.



- CHAPTER '5

EXPERIMENT THREE: INSTRUCTION, PERCEIVED ALTERNATIVES

AND CONCEPTUAL TEMPO

In spite of the arguments tnat the conceptuai tempo
construct describes stable response styles (Kagan et . al.,
1964; Kagan & Kogan; 1970) a major part of the conceptual
tempo research has been concerned with experlmental man-
lpulations designed to modlfy the various tempo behaviors.
Several 1nvestigators have employed some form of response
delay‘to test the hypothesis that response errors are a
consequence of/responding too quickly. Response delay:
man1pu1at10ns have consistently lncreased response latenc1es
‘on conceptual tempo transfer tasks (Brrggs, 1966; Brlggs &
Weinberg, 1973; Debus, 1970; Denney,FlQ?Z, 1973; Harcum &
Harcum, 1973; Kagan et al.} 1964; Kagan et\al.,_l966b); but
only a few of these investigations haye consrstently reduced
reSponse errors (Briggs & Weinberg; 1973 - Experiment 27.
Debus, 1970; Denney, 1972; Kagan et al., 1966b). )

In contrast to the emphasis uponAchanqing response
latency, some investigators have emphasized'response accuracy
- in attempts to modify conceptual Eempo. Gauld and Stephens 1
(1967) have found experimental instructions tnat'deliber-
ately dlscourage gue551ng under condltlons of uncertalnty
‘produce a decrement in response errors. ALother accuracy

empha51s 1nvest1gat10n 1nvoived a delayed response, 1ncent1ve

123.
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procedure which_Marks (1967) réported was a successful

method of improving response accuracy (Marks,‘l968).
Impulsive subjects; défiﬁgghby'three self-report inventories
of impulsive behavior,‘were required.to'indicate on a five-~
point scaley“ranging from "completely certain" to "com-
pletely uncertain", the degree of certainty about the
correctness of their answer to each of several questions.
This procedure incredsed the number of stimulus cues sampled
by subjects and reduced the incidence of premature responding
to questions. As predicted, this procedure increased reSponse
latencies and reduced errors.

' The results from both these investidations Sudgest
that accuracy emphasis,procedures are'capable of modifying
impulSive tempo behavior. Unfortunately, few investigations'
of this seemingly fruitful approach to modification have»
been reported.

- An extension of the latency delay and accuracy—"
emphasis procedures involves response- contingent reinforcement
of response,latency and/or error rates as a means of mod-

¢

ifying'conceptual tempos. 1In one of the earliest modification
4 |
studies, Briggs (1966) modified both reflective and impulsive

response styles by separately manipulating response adequacy
feedback for both the speed and accuracy of each response.‘

Subjects were led to believe that pOSltlve reinforcement was
contingent upon both the speed and accuracy of performance.,
Inﬂfact reinforcement was contingent upon only the response

speed for each item. This deception. wa$§ possible as a result .-
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of the use of stimulus items that were all highly similar
but not identical to the standard. Followind each responsg,
reinforcement was, provided by means of a panel of red and
green lights. Re?&ecfive training, designed to increase
response iatency, consisted of the presentation of a green
speed and a green accuracy light if the fesponee lateﬂgy,
exceeded that of eiﬁher of the previoushtwo trials. TIf the
sudject did nof meet this criterioh, a green speed and a
red'accuracy light were presented. 1In addition, the red
light illuminated the wdrds, "Be &ore careful".‘ Impulsive
t:eining, designed to reduce respoﬁse latency,\involved_dual
reinforcement if response latency decreaéed below that /s
obtained on either of the two precedihg trials. 1If éhis
criterion was not reached, a.green light for accuracy and

a red light for speed were presented. In this condition the
redllight illuminated. the words, "Guesg sooner". Reflective
training resulted in increased response-latencies and fewer
errors for both reflective and impulsive children, but
reflective children showed the longest response latencies
and feweef errors both prior to and ?olloWing'training;
"Impulsive training resulted in decreased reeponse latencies
and more errors for both reflectiVe and impulsive children.
_Furthermore; 1mpu151ve children’ responded faster and com-
mitted more errors than did reflectlve children both prlor
to andffollOW}ng 1mpu151ve training: Apparently it is
‘posséble to modify the speed of responding and Phe error

frequency of both reflective and impulsive childreﬂ‘by means
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of response contingent4reinfor;;ment.
" Weinberg (1969) partiaily replicated Briggs' (1966)
study with the exception that'different types of réinforce4
ment'were added to the basic response adequacy 1igh£ signals
and the'subject was ablé 20 view all six aiternatives sim-
;ultaneously rather than sequentially as in‘Briggs'Aexpériment.
The resu’ts indicated no significant training main effects
f .
on either the.latency or error variablés. A significant
training x'gémpo interactﬁoq was obtained such‘thqt impulsive
.subjects took longer and made fewer errors on the:posttest,
~ while reflective SUbjectsnreduced.their latency and maint?ined
their pretest error rate.‘ Weinbe;g suggests thaf the im-
provement of the impulsfve,sﬁbjects.m;y be due tdla practice
effect. Ih addition, he makes the point that the che es
for both.impulsiQe and-refléctive'subjects on both.variables
may be due to a.regressidh~effect. In attemptiné to expléin\
the lack of.support for Briggs' (1968%'résults, Briggs and'
‘Weinberg (l973)-have noted that the'sequential stimulus |
preséntation'deQice used only by Briégs may have forced
subjects,tq.adqﬁ% a task stiategy which'facilitated MFF post¥.
géest generaliiation§. | ' ' %
B In.a‘pqstQhoc agalysis of the Kagén et.al. (1964)
data,‘wardv(l968) found évidence7EOtsuggest the. possible
importahce‘of the roéE%of reinfof&ement ih modifying'impﬁlsiVe
response sﬁyles.l A.comparison of résponse_latencies following

correct and incorrect re%ponééS“revealed-that 73%-0of the

subjects chose‘more'sloﬁly after_errorsytﬁan after correct
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responses (Z = 4.23, <] < 0001) Furthermore, the increse
in responsge latency follow1ng an incorrect response was
demonstrated more by‘impulsive than by reflective subjects
(74% and 63%, res— ~tively). These results suggest that the
latenéies associated with both reflective and impulsive:
response styles can be modified by reinforeement in the‘form
of response adequacy feedback. However, the value of such
a result is qnestionable when the administration format of
the reflection-impulsivity measures is taken into consider—
ation. - On each of these measures, the subjest-is required
.to select alternatives until he selects tne correct one, up
to a maximum of six errors,.fellowing which he is;given the
correct answer. With such a format, Ward's hypothesis would .
lead one td'expect_that the latency of impulsive.subjécts
would increase asva conseduence of committing errors, and
the iatency of reflective subjects'would'remain constant dr
decrease as a consequence of making correct responses. vSueh'
changes may welleccur,bbut'the point worth noting is that
| the standard administration format includes the differential
reinforcement advocated by Ward yet the tests still result
i .

in 51gnif1cant latency" differen?es between tempos. It is
_ these differences that should have been ameliorated by
differential reinfOTCement. o |

In»addition to the matchingfto—sample tasks used to
assess the effects of reinfercement on conceptual. tempo,

; , ;

performance on a discrimination learning task has been found

to differ for refleetive and impulsive subjects as a function
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of the type and schedule of verbal reinforcement. In a
probability learning situation,:Schsck and Massari (1971)
found support for Kagan's'argument that response latency may
beva direct function of one's anxiety about response accuracy
" (Kagan & Kogan, 1970). Massari and Schack (1972) extended
} this ﬁ}ndiné to a discrimination learning task by having
reflective and impulsivevchildren perform a’ two-choice
discrimination task under either a verbal reinforcement
condition (76% of the responses correct and‘positively
reinforced with the word "right" and 30% incorrect and
punished with the word "wrong") or a verbal punishment con-
dition (70% of the _responses "incorrect"_and punished end
30% of the responses "correct" and p~=itively relnforced)
‘For both 1mpu151ve and reflectlve subjects the punlshment
conditlon resulted in a significa v‘reductlon 1n.the number
of errors while the error rate for the rewarded condition
was not significantly cnanged; Massari end Shaok (1972)
oontend'thet punishment increased the subjects’ ooncern for
accurate responding. |

An unusual approach to tempo modification is that'
of Campbell, Douglas,‘and\Morgenstern (1971) whorhaVe'in—
dicated that drug therapy methods’of treating\hyperactive
children may have implications for the modification of
impulsiﬁe conceptual behavior. Tnese‘investigators have
noted that hyperective children manifest the ‘behavioral -
_tralt of extreme dlstractlblllty, short attention span, and

L‘

'exce551ve phy51cal activity that is 51m11ar to that reported
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by'Kagan et al. (1964) for impulsive children. To deter-
‘mine the relationship between hyperactivity and conceptual
tempo, Campbell et 'al. (1971) administered the MFF to 19
hyperactive‘childrenvand 19 nonhyperactive:children who
served as controls; Hyperactive subjects were found to be
isignificantly more impulsive‘than normal subjects on both
the latency and error measures of the MFF. Following
initial testing, hyperactive.subjects'were administered the
energizer drug methylphenldate and at a dlfferent period F
of time a placebo. The MFF was administered to subjects_
'under both the drug and placebo conditions in a double-
blind, drug-placebo design in which each subject servedvas
his own control The dlfferences between the drug and the
placebo condltlons were significant for both response time
and number of errors. Response~t1me 1ncreased and errors
decreased under the influence of the drug.

-Still another approach to conceptual tempo modif-
ication 1nvolves dlrect task strategy instruction. While
. such instruction can be used w1th several aspects of tempo "
performance, it has generally been concerned w1th attendlngi
behavior during conceptual tempo tasks. In a notable
advance in tempo research, Nelson (1968) suggested that
attentlon deployment strategy training may be the key to
effecting both longer response times and fewer errors in
.impulsive snbjects.A Reflective and 1mpu151ve subjects were

tralned to employ a reflectlve solution strategy(that was

-
' based on Nelson's observations of the attention deployment
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of reflective subjects during an MFF administration;
Experimental subjects were instructed to scan the arrays
e enslvely, spend less time v1ew1ng the standard and spend
more time viewing the alternatives. -Control subjects spent
an equivalent amount of time solving the training problems
and received an equivalent degree of social reinforcement,
but were not given any strategy instructions. Following
training, impu151ve boys showed a marked 1ncrease in response
. time and a decrease in errors when contrasted w1th the un-
trained controls. The reflective boys showed 51m11ar effects,
but the magnltude of the difference was not as large as
those obtained from Ehe impulsive boys (a possible ceiling
,effectl.

Another approach to conceptual tempo modlflcatlon
is observatlonal learning of modeled behaviors. The in-
vdependent varlables that have been modeled in an observatlonal
learning context are ba51cally those rev1ewed above; namely;
response latency, response accuracy, differential relnforce—

ment, ‘and task strategy instruction. It should be noted,
e

L,

however,'that the'efficiency.of the observational learning
approaches to tempo modlflcatlon is a direct functlon of

the- partlcular 1ndependent varlable(s) selected for modeling,
and it is the identification and understanding of these
varlables that is of prlmary 1mportance for conceptual tempo
research Toward this end some of the observational learnlngl
1nvest1gatlons have prov1ded comparlsons of the relatlve

effects of a few of the postulated modlflcatlon varlables.
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. In an early invesfigation Debus (1968) exposed subjects to
one of several response latency models. ‘In general, it Qas
bbserved that‘exposure to a reflective model increased the
resﬁonsé latencies of.all subjécts, but»és was.often the
caselfof'the regponSe'delayimanipulaﬁions noted above, the
increased response iatencies were not éccompanied by sig—
nificant changes in the error scores.

Evidence suggesting the‘pbssibility of modifying
conceptual tempo_tbrough‘modeling in a normal educational
“setting comes frovaando and Kagan (1968{. Through the‘_
course of a,schqoi.year, elementary students showed a sig- -
nificant MFF latency éhange in a direction téat was consonant
with their pa;tiéular teachers' tehpos. A limifation of |
E ;hese resﬁlts from‘applied settinés is fhat it is not known
‘which specific'behaViOfs were exhibitéd'by the teachers.

| Ridberg, Park, and Hetherington (1971) have demon—
étrated that_both impulsive and reflective behévior stylesl
caﬁ be mbdified through the observation of ﬁilm—mediafed'
médels; These invesfigators ﬁoted that in Debus'A(l968)
study, "..; the effects of reinforcement,vmédel artiduléﬁion
ofKresponSe strategies,. or the nonyerbalvperformancevcues
(iji.,_lOngeridecision time) were confoundéd, making it
impo%fjble to assess whichf&spects of the‘modeling process
was most critical (sic. p. 370)." "To determine.the‘imporﬁance
of each of these variableé,.the experimental désign;of
Riaberg et al. included responée la%ency modeling, task

- strategy verbalization and task strategy demonstration as

a .
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: ¥
_.independent instruction factors for both reflective and
impulsive'subjects; In.brief the method was as follows:
Impulsive and reflectlve fourth-grade boys v1ewed one of’
four films that 1llustrated the "correct" method of solving
MFF problems. Impulsive boys viewed only reflective models
and reflectlve boys v1ewed only 1mpu131ve models. The
" four fllm COndlthﬂS were varlatlons of two ba51c procedures
~

whlch showed a model making elther‘fast, impulsive or slow,
reflective responses;' This Latency modeiing was augmented
by one of three task strategy explanations: a verbal ex-
planation, a visual explanation, or both-combined; The
reflective verbal explanation‘stressed:.(a)»responding
'_slowly, (b) avoidingdchoosing the first alternative that
»appears cagrrect without checklng the remalnlng Stlmull, and
A(c) checklng back and forth between “the. standard ‘and each
‘variant. The impulsive verbal explanatlon st:essed:;(a)
responding quickly,A(b) picking the first. stimulus that
' appea:s correct,’and (c) checking only a few stimuli with
the‘standard‘before respondiné. fot'the visual strategy
'demonstration,‘theﬂreflective model outlined his visuald
scanning pattern for the task by pointing with his finéer
to the'standafd,_each of the alternatives, .and then back
.and forth between partigular_alternatiyes'and the standard.
dThe impuisive modei Pointed'to.the standard and only ahfen |
of the alternatives before respondlng |

The results 1nd1cated that both the response latency

and error rate of impulsive and'reflectlve subjects could

I8
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be modified by film-mediated, response latéency models,. '

Impulsive subjects showed a significant -decrease in the

number of errors and a significant increase in response

latency following exposure to the reflective modél.

Reflective subjects éxposed to an impulsive model demon-

strated an expected increase in response errors and paradox-

'ically an unexpected'iﬁcréase in response latency. Ridberg

et al. posit ‘that this increase occurred as a consequence

‘of conflict and indecision occasioned by the choice between

the,suécessful behavior of the model'(the success rate was

experimentally.manipulated to equal that of the reflective

model) and theAsubjeét's own previously successful style}

The conflict and indecision may have both lengthened decision -

times and interfered with the uéually effective solution

strategy of the reflective subjects.

s : L T .
The results for the task strategy explanation and/

or demonstration revealed a significant interaction with

‘measured intelligencé. - Subjects scoring below a mean IQ

of 115 were most affecfed by the comiPined visual and verbal

\

strategy explanation, while subjects scoring above the mean

were affected

 but not both.

by either the visual or the Vefballtreatménts,

- ' - R
In general, the success of the modeling trédatments

'suggests that
co . t

observational
et al. (1971)

‘progressed to

conceptual tempo may be modified:through
learning. 1In addition, the work of Ridberg

indicates that the research in this area has

the point of comparing the effécts of different
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instructional variables‘within:an observational learning
paradigm. ‘ |

» Further adyances in the direction of comparing the
effects of Several proposed methods of tempo modification
come from Heider (l97l) and Egeland (1974). . In a comparison
- of three proposed methods of modifying impulsive-conceptual
~ behavior, Heiderb(l969) found that some methods of tempov
modification 1nteracted with social class, and that indiv—
1dual differences in cognitive strategy intervene between
a subject s level of motivation and the tempo of his per-
formance on a decoding . task Differences in the nature and
pattern of both errors and»response latencies between lower-
and middle-class subjects suggested that the fast tempo and
1naccuracy of the lower-class subjects resulted from strat-
egies of information process1ng which were inappropriate )
the serial processing required by some of the decoding items
of her study and by most conceptual tasks.'

- To test her hypothe51s, Heider (1971) compared the
,relative effectiveness of three proposed methods of modifying
ian 1mpulSive tempo: enforced)response delay, increased ~
anxiety over errors, and task strategy 1n cruction. In“the
first experiment, subjects completed the MFF after receiv1ng
one of the following four treatments designed to modify MFF
fresponse latency and/or response errors. (l) Control |
treatment_(standard MFF instructions), (2) Forced delay

treatment (standard instructions plus the 1ncluSion of a

time clock placed in front of the subject and thevinstruction

Pl
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to delay each response at least until the bell sounded),
(3) Increased motivation treatment (standard instructions
plus the incentive that if "few enough mistakes* were made’
the subject would be allowed to play with some attractive
toys after the. test), and (4)JTask strategy»instruction
treatment (standard instruotions plus two types of task
strategy instructions giten prior to testingi first, to look
back and forth between the standard and the]alternatives,
and ‘second, to be certain of the right answer before |
responding by 1dentifying~the way each of the variants .
differ fromithe standardv—— both strategies were observed
in Drake's_(1970) study of the eye movements of reflective.
subjects.v In part two of the experiment, Heider used a .
verbal task that required subjects to make a séntence out
of five words supplied by the experimenter. The four experi-
imental treatments were similar to those used with the visual
MFF task. ! A

| fhe results obtained by Heider are as folloWs-
-vFirst lower—class subjects were 51gnif1cantly more 1mpulsive
than were middle-clas’s subjects on both ~the visual and verbal
‘tasks. Second, none of the treatments had a significant
effect on the middle -class Subjects. Heider.speculated‘that
this result may be_due to middle—class subjects already
' possessing an adequate task tempo, sufficient motivation to
avoid error, and appropriate task strategles, or ‘it could"

be due to a task dlfflculty ceil1ng effect which applied only

" to middle- —-class sub]ects. Third, for lower-class subjects
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_only, the task strategy treatment produced both a significant
inc:ease in response latency and a significant decrease 1in
errors for both the visualband Qerbal tésks; On the visual
taék, the motivation treatmént produced a significant in-
crease inhresponse latency, but the latencyvincrease was
not associated'with a corresponding'decreasevin errors. On
the verbal task, the enforced delay treatment produced a
significant dec;ease in the mean number of errors, but this
decféase.was smaller than that produCed by the task strategy
treatment. Heider speculates that the effectiveness of
enforced deiay on the verbal task and'itg ineffecfivehess
'onvthe Qisual taék; "... may be due to the fact that forming
a seﬁtehce'is a more familiar and more éasily comprehended
task than finding small visual differences in'figures; thus,
subjects may be more likely to discover £he 'correct’ taék’
strategy themselves during an enfofced deléy in the sentence
task than in the MFF (1971, p. 1279)". A
.A,mofe recent comparison of tempo modifiCation
procedures has been reported by Egeland (1974). Egeland
haé compe - 2d visgél scanning strategy instruction with
response-delay insﬁruétion on both an ‘immediate and delayed
posttest. ,The scanﬁihg'strateg§ instruction  taught -sub-
jects tb apply the’following_rules on.matching—to—sample
tasks: (;i View thé étandard and gllAalternatiVeé. (2)
B;eak”the alternatives info componeﬁt parts. (3) Compare
"the same compohénts.across all alternafiveé. i)'Check the

standard to determine the correct form of the component parts.
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(5) Successively eliminate each non—matchiné.alternative
until only the correct matching stimulus remains. In contrast,
.the‘response—delay instruction consisted of asking subjects
to take their time, think about their answers, and avoid

, N _
making mistakes. In addition to this instruction, both the
scanning ‘and response delay experimental groups completed
‘a number of tasks des1gned to acqualnt them w1th matchlng—
to~ sample tasks and’ 1mprove their 1nformat10n proceSSLng
efficiency. Spec1f1cally, the flrst part of this instruction
involved geometrlc de81gn matching- to—sample tasks, following
whlch subjects were asked to correct each alternatlve that
varled‘fromvthe standard by drawing in the corrections and
verbally.noting the change that was required; The remaining'
parts of the instruction includec. a matching—to-sample task

{ ‘ N . » :
‘with nonsense syllable alternatives, a matching-to-sample

task with geometric design alternatives that were selected
.'from memory, a design reproduction memory task, and a task
that requlred ‘the verbal descrlptlon of a de51gn from memory.
A control group Old not receive this general information:
processing 1nstruct1on. In contrast to an uninstructed
control group, both the response delay and scanning
1nstructlon treatment groups showed 51gn1f1cant latency
increases and error decreases on both the 1mmed;ate and
delayed posttests. Egeland also foumd that the scanning
instructidn'treatment was more durable than was the response
delay treatment. While both treatment groups showed approx—

1mately equal latency and error scores - on the immediate
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posttest,‘the response-delay subjects showed'an increase
in errors on the delayed posttest that was significantly
greater than’the'still stable error rate of the scanning
groupp

In general, the research suggests that there are
seﬁeral methods of modifying cOnceptual.tempo. Most fre;
qu.ntly the’modifiCation t{eatments have produced a'changé
in ;esponse latency, but have not changed the number of
errors. While these results do‘constrtute changes ‘in con-
ceptual tempo.due to the-confoint_latency-pluS'error
definition of the _construct, the change in 1atency appears
to be 1ndependent of the cognltlve process of matching
stlmull. Less frequently have the modlflcatlon treatments,
produced change on both the latency and error varlables
It is 1nterest1ng to note that the treatments that have
effected a jOlnt change are those that have concentrated
hupon the varlables,involved in the conceptual process of
matching,‘rather "han upon the latency of the response.
These 1nvestlgatrons suggest that the role of latency in the
deflnltlon of conceptual tempo may be overestlmated -The
.relatlve 1neffect1vene§s of latency-based .versus accuracy—
and strategy-based tempo mo 1f1catlon treatments lends
-'support to the suggestlon that response latency-may oe a
" by- product of the conceptual process emp}oyed to solve the
task. Further support for this suggestlon comes from

, Egeland s (1974) flndlng that response delay 1nstruct10n

was as effectlve as scannlng strategy instruction 1n modlfylng
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‘both the resbdnse latency and errors of impulsive‘subjects.
The unusual effectiveness of the response delay t atment
is explained by Egeland as being a consequence of the general
information processing instruction that was-giQen to both
the response delay and‘the scapning strateéy treatment
groups. Evidently the general information processing
instructions added to the latency delay. treatment an element
that overcame the.usual difficulty”of'the latency treatments
in moaifying error scores. Unfortunately, the general
information processing instructidn was confounded with both
the reSponse—delay and scanhing strategy insﬁruction groups
in order to ascertain .if extensive modification training
was capable of producing a large and durable degree of tempo
\ modificati6n.’ As a consequence the relative contribution .
‘vof the gengrallinformation processing inétruction can not
.Be aésessed; but és'Egeland (1974) has noted such an assess-
ment is néw\necessary. .' ' . . '
One aspect of information‘processing tﬁat may have
coﬁtributed td the latency éﬁg error modifications reported*
by Egélénd (1974), and poésibly other inyestigations that
included some form of task'réléted inférmation processing
instrﬁékion-(ﬂeider, 1971;'Neison, 1968; Ridberg et al.,
11971), is-the subject's knowledée of the types of task
»alternativeé that‘coﬁétitute-critical alternatives. - A second-
aspéct is that.since full témpo moaification has come‘to
fean changes in both latency and error an examlnatlon of

1nformat10n proce551ng variables of conceptual tempo may
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benefit from the inclusion of the often excluded FA and SI

tempo categories. Taken together these aspects snggest

an examination of the role of alternatives in tempo mod-

ification in relation to four rather than two conceptual

tempo categorles.

In the -theoretical definition of conceptual tempo,
Kagan has noted that the conceptual tempoyconstruct describes

. .
stable individual differences in. the degree to which.an in-

~dividual reflects upon_aLternatiVe classifications of a

stimulus in situations in-which several alternatives are
available simultaneously. A theoretical position that maY‘

have implications for this definition, has been elaborated

by Olson (1970, 1972, 1974). Consistent with the Ffeature

‘detection approach to:perception advocated by Gibson (1969),

Olson has proposed that the cognitive process ls a'perceptual'
task of ldentifying featuree that will serve to differentiate
an‘eventAfrom a set of alternatives.i Extendlng thls p051tlon,
Olson (1970) has 1ntroduced the concept of media- spec1f1c

performatdry acts whlch confront the individual with the

¢

'alternatives that result in his acquisition of'information.
about hlS env1ronment, or in Olson s words; "... that pro—f

vides the occa51ons for the radlcal elaboratlon of the

<

perceptual world (Olson, l970, p..201)." To clarify this
position,_lt is_necessary to~consider Olson's definitione'

of the terme "feature," "information," "performatory aCt"
and';media."_ Garner (1966) 'has noted that what one percelves

1n a stlmulus 1s a functlon of the set of alternatlves

-

-~
o1

nd
ot
‘
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perceived or inferred by an individual; that is, the contrast

set. A single stimulus is meaningless without reference to

a set of stimuli, because the attributes which define it -

mlﬁicannot be specified without knowing what the alternatives

are. For example, a single stimulus, two dots, arranged

'horizontally, would be perceived as a horizontal line if

the context of alternatives‘were vertical and oblique arrays

of dots. However, the same stimulus'would be y_roeived as

"two" 1f the set of alternatives were arrays of one and

o :
three dots. Consequently, a feature detected by an individual

\

is a funptlcn of the set of alternatives he peroeives.

5 ‘Information is defined by Olson (1970) as: "... the
ablllty to reduce uncertalnty, that is, to spec1fy altern-
atives (p. 191)." For example, if one 1s_able to identify
single and triple dot arrays as alternatives to a double
'dot array, he may then be certaln that the double dot

stimulus is "two" rather: than any of the infinite number

of things an array of two dots could represent in_relation'

iy
]

to different alternatives. 1In this case the one and three

dot arrays provide the information that the relevant attribute

"of the two dot stimuluseis number. From this point of view,

the accumulatlon and rev151on of 1nformatlon that occurs
w1th development is a process of perce1v1ng events in S
of wncrea51ngly larger sets of alternatlves, that is, on

-~ ~z2gis of more,. dlfferent and less obv1ous features.

A per’ matory act is a sequentlal set of performance

. devsisionc . \,lformanoe requ1res a contlnuous set of
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decisions from the initial decision, th to begin, to the
final deciéion{ how_to terminate, and for all points of
continuationibetween these points. Each decision requires
;nformation, that is, the ébility to specify the alternatives
at each decision point and select that which'is appropriéte
for the performance. | |

‘Media :efer to domains: of performaéory activity.
The domains outlined by Olsgn‘ére cultural media‘which are
‘those that_have evol?ed within énd are’transmitted'by the
culture, suéh as: dréwing,‘speaking, counting and making.,
In addition, two other media defined by Olson are iocomotioh
and grasping. While he does not elaborate on the origins
of these media, he does note that early childhood perceptidn_
‘appears to be attuned primafily'to featﬁfes‘which are in-
variant in the performatory acts of lqcomotion‘ana gfasping.
Consequently,. a part of ﬁost of the information we have
about the world is a function of our perfbrmatory attempts
at walking and grasping.
’ Given these definitions of his terminology, Clson;s
tﬁeo:y of cognitive develbpment is related to conceptual
“tempo through the»coﬁmon impértance of alte;ﬁatives in'boéh'

theories. Within the context of studying perceived altern-

atives, Olson (1970) has recorded eye fixations on a matching- o

to-sample task similar to those used to define conceptual

. . o
‘tempo. His results are as follows. First, Olson found that
viéégl search of the stimuli was a function of the altern-

5

atives among which the viewer either knew or expected he

B
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would'have to choose, not the stimuius per se.” As long as
subjects assumed that general(criteria such as shape and |
Iwcolor would fadilipate Epei;lchoice, their yisualrsearch
was bfief and geneéél. ﬁowever, wheh the information value
of certéin critical'fgapures was determined, fh? visual
search'became-precige and consistent. Second,>Olson.found
that:. |
| Sdme_children looked at a stimulus briefly because
they immediately know what to look for...;.others
gsearched briefly because they did not know what to
look for.... The longest searches were conducted
by older subjects who appeared to know something
was wrong, but were unable to isolate .t at first
(p. 141). g
While Olson has not presented tﬁe'erro; and latency data
féquifed to classify these Subjects into ‘conceptual tempo
éategorieé, his'déscription suggestsﬂphat the performances
he describes could be interpﬁeted as FA, Ei;'SA, and, if
some of hisvsubjects who noticed éomething Qas wrong were
unable to_identify it, SI subﬁécté, .‘

Third, a partiafltest of Olson's hypothesis about
the role of élternatives in'perceétion comes from.four'éub—
jects_who Were&shown thgbalternatiVe Stimuli prior téﬂviewing
the standard sfimulus; Whilé Olson notes ﬁhe-limitatioﬁiof.
conclusions drawn from,suqh a-small sample, tue ;‘sﬁlts do
indicaté a radically abbreViéted search of :the stzndard.
These sdbjects made less.ﬁhén half the nﬁmber ot fixations
made by their ége péers, énd‘all four subjects viewed the:

point of variation critical to choosing between the altern-

atives. .
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These results -are admittedly sketchy as a consequence

of not belng partlcular to the tempo construct. - HoweVer;

the critical’ p01nt for this 1nvestlgatlon is that Olson' s‘

study is an investigation of the role of alternatlves in
perception, and it is the generatlon and evaluatlon of alter-

natives that is the basis of conceptual tempo. Consequently,

these results raise new questions about the role of alternatives

in conceptual tempo. Specifically, can conceptual -tempos be

' modified by altering the subject's knowledge of task alter-

.natives? What effect would such an alteratlon have upon

response latencres and response errors for each of the four

'latency-accuracy combinations that ‘comprise the tempo construct?

If it is the/case'that individual differences in response

latency and accuracy are. determlned by the number and nature

4

of percelved response alternatlves, then it would seem that-
acqualntlng all subjects with the mlternatives critical to

the task, would alter 1nd1v1dual differences on both dependent
varlables _ nowever, suchgﬁlteratlon would be antlcipated

| . | | \
with such a degree of specific task instruction. A more

|

- ‘important question is, will instruction in the alternatfyeS_

|

"specific to one task, transfer to tasks with similar,.but\

not identical alternatives. In short, will instruction in\\

the type of alternatlves to expect (mlnor feature dlfferencesx

i
:

alter general conceptual tempo task performance.
Before statlng hypotheses for this questlon, it w1ll

be helpful if Olson s position on instruction is brlefly

'cons;dered. -He- has argued that thevexecutlon of performatory-
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acts is the means for encountering new alternatives and. the
need for further information. Such‘acts lead to the internal-
1zat10n of 1nformat10n about alternatives that occur in each
‘medium, but thls 1nformatlon, once achleved is not spec1f1c
.to a medium. It.is general perCeptual information. 'This
role of activity or experience may on some ocCasions be
replaced by instruction. The sole purpose of 1nstructlon

[

'in thlS context is to increase the llkellhOOd that the 1nd1v—
\

ldual will . percelve the crltlcal alternatlves and recelve
1nformat10n (reinforcement) about the corrett choice among
those alternatLVes. Olson has identified three methods of
‘instruction thatican;be employed to increase perception‘of
critical alternatives: educational toys, language, and
modeling. ‘The last of these is not relevant to the proposed
investigatlon. An educatlonal toy 1nvolves a rearrangement

of the env1ronment to increase the probablllty of encount-
erlng the crltlcal ch01ce points.. In manlpulatlng an |
educatlonal toy one executes performatory acts, thereby
‘encounterlng new alternatlves. Language is a more ~powerful
means of instructibn. It can be used to 1nd1cate what the
alternatlves are and how to choose among them. Language doesl
© this by dlrectlng one' s attentlon to the crltlcal altern—
atlves and the correct ch01ce. Each of these methods have
particular weaknesses and neither can guarantee berceptlon'
of the 1nstructed alternatives.. Consequently, the . probablllty

of a Chlld s perce1v1ng the 1nstructed alternatlves is in-

creased if both methods of 1nstructlon are employed.
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With regard to spec1f1c 1nstruct10nal hypotheses,-
it is ant1c1pated that follow1ng 1n1t1al tempo cla381f1catlon,
1nstruct10n de31gned to fac111tate the perceptlon of critical
alternatlves will have the folIOW1ng effects on performance
on a subsequent conceptual tempo transfer task:
(l) \For’all subjects combined, there will be a sig-
nificant decrease'in both response latency and response
- errors. .. v | o
(2) For SA subjects thera w1ll be a SLgnlflcant decrease
in response latency |
(3) For sI subjects there will be a significant decrease
in response latency and response error.
(4) For FI subjects there will be a 51gn1f1canc decrease
in response error. }
Each of‘the hypothébes listed ahove is,based upon the.visual
fixation results‘of OlSon (1970)75 These data'indlcated that
short response latenc1es and correct responses wele exhlblted
by subjects whose V1sual flxatlon records 1nd1cated that
o

they were aware of the crltlcal alternatlves among which a

ch01ce response was to be made.
METHOD

Subjects"

Ninety-three male‘and ninety-flve female student

'volunteers, enrolled in grades four and f1ve of two urban,!
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middle-class elementary schobls, patticipated in‘the experi—
ment. The‘average age of all subjects was 122.94 months,
with a standard deviation of 9.52>months.‘ Following'an
administration of the MFF (Kagan et al., 1964) subjects were
~classified into one of four concepth?l tempo categories ’
according tolthe conventional“dual-median split procedure.
The hedian values were_lZO.SO seconds and 8.02 errore. .The
resulting aistribution\bf\subjects is presented in Table 20.
Twenty subjects were tandonly selected from each of the

four tempo catégoriee.' Ten of these we;e_randele'assigned

to an experimental grbup, and ten to a control group.

'AEEatatus.‘ ' | _i /

' The apparatus was. the same as that descrlbed in -
Experlments One and Two.
‘Procedure
. Initially, the MFf was administered to each>subjeet
Follow1ng the determlnatlon,of tempo cla551f1cat10n, experl-
"mental sub]ects were exposed to two methods of instruction.
‘Both methods were designed to assist subjeéts to perceive
the type of feature dlfference that defines the alternatlves
of conceptual tempo tasks like the MFF The two methods of
1nstruct10n were language and the educational toy as deflned
- by Olson (1970) The 51multaneous use of both methods was
employed to increase the p0531b111ty of effectlng a success;

ful 1nstructlon treatment The educatlonal toy con51sted of
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TABLE 20

Dlstrlbutlon of Alternative Instructlon Subjects Produced
- by the MFF Classification Task

N

Conceptual Tempo

Séx , FI SI FA SA : Total
Male 35 14 13 31 93
Female 24 1312 46 95

Total 59 27 25 77 . 188
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a set of transparencies of each of ﬁhe standard figeres in
a-ten-item, matching-to-sample, conceptual tempo task (see
Appendix G for a sample item). The language aspect of
'instruction consisted of the experimenter's verbal inter-
veﬁtions to direct the‘eubject‘s attention to the critical
alternatives when these were not identified by the subject

during his manipulation of the educational toys. Similar to

17

the procedure used for the MFF,weach item of the instruction
task,wes presented to the subject to solve. ‘Fbllowing‘each
're9p6n5e, the subject wae éiven the appropriate transparency
of the etahdard figure and aeked to check to see if.his

answer was correct. Upon. placing the‘transparent standard
over the‘eeiected alternative,vthe sﬁbject.wae asked if -the
two figures were the same. If the figures'were the same

the experimenter acknowledged this ahd‘asked the subject to
check'each‘of the remaining stimuli in.tufn and idehtify'
_how‘it‘differed‘from the standard. If the figure was
“differeﬁt the‘subjeét was esked tb_identify tﬁe'diserepancy,
then continue eeleeting alternatives uﬁﬁil-he-identified

the correct alternafive end the discrepgncy present in each’
iﬁcorrect‘alternative. iThe motion of placing the transparency
.1ovef an\incorrect alternative‘had the effect‘of'making.the .
discrepancy stand out such that'mosﬁ'subjects quickly-identified
the correct aléernative and eac?«of the diserepancies, ana,
-incidentally, often expressed surp;ise at‘the'"suddenfappear-
Aance“ of feature differences. If a subject was unable to

identify a discrepancy, the experimenter employed verbal
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.instruction.by verbally directing the subject to attend to
the appropriate part of the stimulus and note the discrepancy.
Instruction was complete when each child identified the
matching stimulus and each discrepancy of the alternatives

for all ten items. Control condition Subjectslwere alsao
administered‘the ten-item matching;to—sanple task. HoweVer,~

the admlnlstratlon procedure employed was .the conventlonal

MFF procedure,qj
alternatives sangd’ lcrried whenstheir choices were correct,
but, like kna” ‘ﬁal MFEAadmlnlstratlon procedure,

- ' /’ ‘lt\. '
subjects d1d not rec'Lwe 1nstructlon about feature discrep-

ancies. Following either the experlmental or control pro-
cedures, all subjects completed a co-~eptual tempo transfer
test that was designed to approximate the MFF test.

v

RESULTS

Preliminary analyses of variance and appropriate

post' hoc comparisons were conducted for sex and tempo class-
)

ification factors on the chronologlcal age, MFF .latency and .
MFF error variables. These and all subsequent simple effects
analyses and post boc comparisons analyses,'which are sum—
’;marized in Appendik H, indicate tha“ significant mean |

differences occurred~only for the tempo factor on the MFEI

latency and error variables Subsequent multlple comparlsons
-y .

-

1nd1cate the presence of hlghly 51gn1f1cant latency dlfferences

o

between fast and slow subjects and hlghly 51gn1flcant error
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differences between accurate and 1naccurate subjects, thus.
supporting the tempo claSSification procedure In addition,'
the lack of 81gnificant.latency Oor error differences f~r the
'sex factor prompted the combination of male and female
-subjects for all subseQuent.analyses.‘

With regard to . the analysis of performance,on;theﬂ -
conceptual tempo_transfer test, a summary of response-latency
~and error means and standard deviations is presented in |
Table 21 In addition, the mean values are presented graph—
ically in Figure 10 to faCilltate comparisons.’ Summary two
X four way (instruction X tempo) analyses of variance were
conducted for both the response latency and response error
variables. These results, presented 1n Table 22 Jndicate
that the instruction main effect was not 51gn1f1CAnL for the
latency variable (F = .73, af = 1/72, pP.= .73), but that it .
‘was 51gn1ficant for the error variable (F = 4.57, .df = l/72
P = .036). The tempo main effect was 51gnif1cant for both
the latency variable (F = 7.59, af = 3/72, p'= .00018) and_
the error variable (F = 6 94’ df = 3/72, p = .0003), and ‘the
1nstruction by tempo 1nteraction was also significant for
- both the latency and error variables (F = 2.75, df = 3/72,
p = .048; and F = 4. .52, = 3/72, p = .0058.'), respectively.
The"signifiCant interactions necessitated further analysis’
of simple main"effects. |
One way simple effects analyses of variance of the

response latency and error means of exper1mental subjects

on the transfer task are presented in Table 23. These data
/

Al



' TABLE 21

Conceptual Tempo Transfer Task Performance Summary

5.09

5.05

T%mpé
Condition FI SI FA SA Total
'Response Latency
: N 10 10 .10 10 40
Experimental X 178.90 265.30 191.50 258.00 223.43
S 53.34 193.70 101.07 111.33' 131.27
| N 10 - 10 . 10 10 40
Control X 87.90 204.00 175.20 385.50 213.15
S 47.30. 98.90 '91.18 198.27 163.23
N 20 20 20 20 80.
Combined X 133.40 243.65 183.35 321.75 218.29
o : S. 67.91 156.81 96.60 172.96 148.19
~ Response Errors g
, N 10 10 10 10 40
Experimental X, 8.60 7.30° 9.00 .6.30 7.80
. : .S .3.07 5.71 - 4.56 5.76° 5.02
| N 10 . 10 10 10 40
Control X 17.80 10.90 7.50. 5.10 10.33
'S .4.28 6.30 5.46 vi 4.13 - 7.01
» : N 20 20 20 20 80 -
Combined X 13.20 .9.10 8.25 5.70 9.06
- s 5.92 . - 6.28 . 6.22

L152.
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TABLE 22

154.

Instruction X Tempo ANOVA of Response Latency and Error
Means on the Conceptual Tempo Transfer Task

A

72. . 27.92

B
o Transfer Task Latency
Source SS df MS F p
- o — - :
. < N
(Insfruction) 2116.00 1 2116.00 - .12 .73
B (Tempo) - 387979.00 '3 129326.00 7.59 .00018
AXB ” 140692.00 3  46897.30 2.75 1048
PRV . ' . .
ey : 1 T
Error $1/1226140.00 72 17029.80
. ' - Tran-~fer " .sk Errors
Source Ss . d__ - s - F P
S B N
‘A (Instruction) 127.52 1 127.52 4.57 .036
s A ,
. ‘Tempo) 581.74 3 193.91 - 6.94 .0003
AXB 387.94 3 126.31 4.52 .0058.
Error > 2010.51 .

o8
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Simple Effects ANOVAs of
of Experimental Subj

TABLE 23

Response Latency and Error Means
ects on the Transfer Task

" Source

Transfer Task Latency

155,

$26.68

ss ag Ms P P
Tempo 59506. 00 3 19835.33 1.13 .348
Error 629720.00 . 36 17492.22
A  ; ‘ Transfer Task Error’
Csource ' 55 aE ms ; b
Tempo - 45.80 3 15,27 0.57 .637
Error 960.60 - 36

pr>
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indicate that for experimental subjects there are no sig-
nificant differendes among the four tempo conditions for

elther the response latency varlable (F = 1.13, df = 3/36,

p = 35) or the response error varlable‘l_ = .57, df = 3/36,
P = .64). A similar znalyzis of response latency means of

’ : ‘ . _;ﬁg
ontrol subjects is p - ad in Table 24. For control*™ R

subjects, the tempo facuur is assoc1ated with 51gn1f1c§x6§y
dlfferent response latencies (F = 9.44, af = 3/36, p = OOOl)
Scheffe multlple comparlsohs of 1nd1v1dual tempo means in-
dicate that Sa subjects take 51gn1flcantly more tlme to
complete the transfer task than do FI subjects (p < -0001),
FA subjects (B < .001), and SI subjects (p < 05) Table 25
summarizes a similar analy51s for the errors varlable~ mhe
rrmple effects analy51s of Varlance reveals the presence of

- significant differences among the error means of the four
conceptual tempo classifications for the control group sub—
Jjects (F = 10.46, df = 3/36, g < .0001). Subsequent Scheffe

multiple comparisons among individualrmeans reveals that FI-

[N
Tk

su. iects made 31gn1f1cantly more transfer task errors “than
did_SI subjects (p < 10), FA subjects (E < Ol), or SA
subjects (B.< .001). Con51der1ng the results for ‘both the
-experimental and control groups, 1t appears that the crltlcal
aliternative 1nstructlon treatment served to ellmlnate the |
differences between several conceptual tempo cla351f1catlons
‘that are observed for the control subjects.

A summary table of 51mple effects analyses of the

1nstructlon factor is presented in Table 26 These3analyses
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TABLE 24

Simple Effects ANOVA and Scheffe Multiple Comparisons of
Response Latency Means of Control Subjects on the
Transfer Task o

vAnalysis of Variance -

' SA 385.50

- Source ss df MS F p

Tempo - 469160.00 3 156386.63 9.44 .0001
L ‘ ) : . s

Error 596424.00 36 16567.33

Scheffe Multiple Comparisons

Tempo FI ' ST . FA SA .

(Seconds) 87.90 204.00 175.20  385.50

FI . 87.90 o0 116.10 87.30 1297 .60%* %
SI  204.00 0 28.80  <E@L.50%*
FA 175.20

0 | 210.30%*%

0

.10
.05
.01
.001

*»

* *
o ro
AA

* & kR

A

*»
*
»
fo ro
A

~
—

©



Simple Effects ANOVA and Sc

. TABLE 25

heffe Multiple Comparisons of

Response Error Means of Control Subjects on the Transfer
: ‘ © Task - ‘ '
Analysis of variance -
'Sourge df MS 'F P
 Tempo 914.87 3 304.96 10.46  .0001
Error '1049.91 36 29.16
f"Scheffe Multiple Comparisons
Tempo FI ST FA SA
X 17.80  10.90 7.50 5.10
7 —
FI 17.80 0 6.90* 10.30**% 12 70%*xx
ST 10.90 0 3.40 5.80
FA 7.50 L0 2.40
SA 5.10 0o
*p < .10 0
**P_‘ < .05
***B < .Ol
*x%xp < 001" o
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demonstrate that the instruction treatment changed the

conceptual tempo behavior‘of only the FI subjects. For

T i . ! . . . . . . )
these subjects critical alternative instruction produced

both a significant increase in response latency (t two- .
tail = 3.83, df = 18, p.< .01) and a 51gn1f1cant decrease
in response errors (t one-tail = 5.24, df =" ,’pw< .0001) .
ln addition, two other differences approached significance.
First, Sl subjects that received instruction made fewer
errors_ than did control subjects (t one-tail = -1. 27 df =
18 p < .1ll). Second, SA subjects that received 1nstruction
fook less time to complete the transfer task than did- their

control group counterpdrts (E’one-tail = -1.68, d£ = 18,

p < .06).

DISCUSSION

o

In general, the results appear to support the .

‘feasibility of employing critical alternative instruction

‘as an empirical method of modifying impulsive responding.

With regard to the statéd hypotheses; the results

were as follows Hypothesis One was only partlally supported

For. all experimental subjects a: 51gn1flcant decrease did

occur for the error varlable but .not for the latency vari-

..

able HypotheSis Two was not supported. The predicted

-

51gn1f1cant reduction in response latency did not occur for

SA experimental subjects However, as was noted above a



161.

. decrease that approached'significance (p < .06).was;observed.
Hypothesis Three was not supported. ' For SI subjects in the
experimental condition, a signifiCant decrease occurred for
neither the latency nor the error varlable Flnally,
Hypothe81s Four was partinally supported 1n that there was
a signlflcant decrease in the. response arrors of FI experi-

efvtal subJects, as well as an unanticipated significant
increase.in response latency. |
| Taken togethen the results noted above suggest that
Olson's theory of cognitive development (Olson,'l970 197?)
does have 1mp11catlons for the cbnceptual tempo construct.
One implication concerns the role of alternatlves Olson s
Adlstlnctlon between what he calls "percelved alternatlves"
'and what might be called extant alternatlves may explain a
con51derable portion of the variance attributed to conceptual,:

'tempo.‘ From puplllometrlc observatlons of subjects com—'
pletlng a task somewhat similar to a conceptual tempo task,
Olson (1970) . concluded ‘that the. v1sual search of the stlmull
was a function of the alternatives among which the- viewer
either knew or expected he would have to- choose, not the

".stlmull per se., As 1ong as subjects assumed that general

crlterla such as shape and color would fac1lltate their

ch01ce, the1r:v1sual search.was brief and general' However,
when the 1nformatlon value of certain: crltlcal features was

determined, the visual search became precise and consistent.

ThlS conclu51on appears to be supported by the improved

-
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performance of FI subjects following instruction designed

to acquaint them with the: type of alternative critical to
successful performance. In addition, this instruction was
also associated with reductions in'the latency.of SA subjects
and the error rate of sI subjects,that‘approached'significance.
ATneee_performance differences for the experimental group had'
the effect of making the group‘sufficiently homogeneous that
the original tempo classifications were not supported by
significant latency or error differences on;the transfer

task. 1In contrast, for the control group several‘significant
latency and error differences on the transfer task snpported
the original,tempo ciassification. In short, critical
~alternative instruction reduced the variance attribut - to
conceptual tempo differences. A noteworthy,-but moot point

~ is whether the instruction in this, and indeed in Olson's
(1970) investigation, served to teach'subjects to perceive
critical alternat1Ves, or inform subjects that already per-
ceived feature differences are, in fact, critical-alternatiyes.
The surprise expressed by many Subjects during their use Oﬁ@

0

~‘tné transparency as an educatlonal toy suggests that at

' least some subjects did not perceive the feature differences

critical to the task. Further research is obViously
| _ \P

. Q‘*"\«_‘
A second 1mplication of Olson s theory is that

~necessary.

1nstruction is. an- empirical means of altering conceptual'

tempo: Hav1ng noted that the purpose of 1nstruction was to

2

1ncrease the likelihood that subjects would perceive the a
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critlcal alternatlves, it appears that the combination of
two methods of 1nstructlon outlined by Olson, educational
toys and language, did ".,Lprov1de the occasions for the
| - radical elaboration of the perceptual world (Olson, 1570
p. 201)." Unfortunately, the two methods were purposely
confounded to 1mprove the effectlveness _of the 1nstructlon
treatment therefore, the relatlve.contrlbutlon of each could
not"be assessed.b It should be noted, though, that the pro-
cedure followed employed the language method only when the
method involving the educational toy failed -- whick it
seldom did, Consequently, there is rearon to believe that
_the method of instruction that was primarily-. respon51ble for
the observed performance changes was the educatlonal toy.
Agaln, further research is necessary

~ The final implication of leonfs_theory concerns'
the'construct validity of conceptual tempo. If the results
‘,noted above are repllcated such that one's conceptual tempo
can be modlfled to a point that orlglnal tempo classif-
1cat10ns do: not rellabl‘ produce approprlate significant
dlfferences, then, it would call 1nto questlon the theoretical
deflnltlon of conceptual po as: stable 1nd1v1dual differ-
ences 1n the degree to which one reflects upon alternative
: classifications of a stlmulus or alternatlve solutlon
hypotheses. Certalnly on mu]tl-alternatlve tasks there will
.be latency and error differences among subjects and a negatlve
correlatlon between latency and error, as well as significant .

X
tempo dlfferet res’ produced by the practlce of Spllttlng

” ‘ "

DR

e
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latency and error scores at their respective medians.
However, in accord with the definition of the tempo construct,
-one would expect conceptual tempo subjects to reliably |
maintain their relative position and not be greatly affected
by attempts to modify their tempo behavior. Ciearly tlis
expectation was not met‘in the present investigation. The
fact that instruction designea to inform subjects about the
type of feature differences‘that constituted‘critical alter-
natives,:improVed performance on the transfer task sufficiently
to eliminate'performance distinctions among the initial tempo
classifications, suggests that‘a major part of.the variance
attrrbuted to conceptual tempo may be e to, sub]ects not
" being famlllar with the type of featu. Alfferences &;c
define the aTternatlves. Once 1nformed .a 51gn1f1cant number
of these subjects cease to behave_in’accord.with their tempo
clagsification. label; thus, the notion. of stable individual
differences in conceptual tempo may not he warranted for
‘many subjects classified bf the1MFF. Thls observatlon
suggests that elther the conceptual tempo construct is 1n»
_Ierror or the operatlonal deflnltlon of the construct is at
least partlally 1nadequate

The results from the 1nstruct10n manlpulatlon strongly
suggest that ‘at least the operatlonal deflnltlon of the
construct may contain a source of error that hlnders exam—'
ination of the construct. The apparent error is that in

spite of the two practlce 1tems on the MFF that are 1ncluded

to acquaint subjects with the requlrements ‘of the task, some
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Subjects, particularly those that are likely tn be classified
as FI subjects, do not know what to look for, whilé other
subjects apparently do. Tnere"appears to beltwo levels ot'
'Uncertainty operating. At the firstllevel subjects are

-not aware of the type of minor feature dlfferences that
_constitute critical dlfferences At the second leVel, sub—'
jects are aware of the type of differences, but are: uncertaln
about particular dlfferences within a set of problems The
confusion of the two levels of uncertalnty appears to confound‘
performance results and ‘make the 1nvestlgatron of .he tempo
construct more dlfflcult Possibly an i+ -ovemer’ i= the
operatlonal deflnltlon of the construct wouid be to construct
practlce items for the conceptual tempo measures that 1nclude
task spe “fic 1nstruction by means of the educatlonal toy
method of 1nstruct10n noted ab0ve leen this 1nstruct10n,.
a researcher could be falrly certain thatmfor the operatlonal
deflnltlon of conceptual tempo, subjects were faced with the
same set of alternatives. Given this condltlon, one may

 find that tempo classifications are more rellable and amen- -

able to research. : o L , \



CHAPTER 6
GENERAL CONCLUSIONS AND IMPLICATIONS:

To'conclude this investigation of conce 2l tempo
an attempt will be made to summarize the_major © .1lts of
the three investigations and integrate the with one another
and w1th current research In addition, the chapter'wiil |
;nclude general concluslons about conceptual tempo and the
1mplications of this research for conceptual tempo’ research
and educatlonal practlce.
Experiment.One examined the_relationship between
L conceptual tempo and 1ntelllgence This examination~was
‘}é prompted by a paucxty of information about the FA and sI
- conceptual tempo categorles that have. typlcally been ex-
cluded from conceptual tempo ;nvestlgatlons. fTo date, only
one_investiéation of conceptual tempo and intelllgence has
included FA -and SI subjects (Eska & Black} 1971) . | While the
results of this etudy are in’accord‘with those reported for
investigations that exciuded FA{and SI subjects, an attempt
was made to replicate'the Eska and Black (1971) investigation
for two reasons; vFirst,.the Eska and Black:results are |
presently the only reported source of information ahout the.
vless popular FA and SI tempo’ categorles and 1ntelllgence
Second, the MFF used ‘to operatlonally deflne conceptual tempo
e
groups 1n_the Eska and Black (1971) 1nvest1gatlon differed

' from the standard MFF, in that the former involved portable

166.



MFF alternatives. Eska and Black note that subjects in the
various tempo categorles dlfferentlally spent t1me manlp— |
ulating and arranglng the portable alternatlves.' Given
that. it would take tlme‘to manlpulate the alternatives, aric
in that tlme 15 a major part of the deflnltlon of cdnceptual
tempo, it appeared worthwhlle to rettamlne the relatlonshlp
between intelligence and all four categories of'conceptual
tempo as defined by a standard MFF with nonmanipulable
alternatives. |

The reeultS‘obtained“from the present investigation
only partially support the results reported by Eska and -
" Black' (1971) However, since the Eska and Black results

are generally consonant with those reported in the tabulated
summary of results for two category conceptual tempo IQ
relationshiQSu(see Table 2), it was assumed that the results
of the present investigation are atypical and following the
presentation of a summary of 31m11ar1t1es and dlfrrrences
between the results of the two investigat: + the discussion
will:focus upon possible. reasons for thevdiscrepancies

| Results from Experlment One thdt are in accord w1th
the results reported by Eska and Black (L°7l) are'a sig-
nificant negatlve correlation between MFF latency and error

scores, and a non51gn1f1cant correlatlon between MFF, latency

“.and verbal lQ. In_contrast, results that are;not rn accord ’

‘include: nonsignificant correlations between MFF latency and
either nonverbal IQ or total IQ, a negative correlation

. : ' 'S
between MFF errors and IQ that?yas.significant onlylfor_SA

167.
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subjects on theInonverbalﬁand total IQ variable, no sig-
nificant differences in IQ'among'the four conceptual tempo
categories, and a significant'sex X tempoﬂinteraction, such
~that_£or[§emales,pFA subjects had significantly higher non-

verbal and total IQ scores than did either SI or SA female

- AN
ERE

subjects. : ' : o T ,W’Q';

A

These four major dlscrepanc1es between the two R

studles prompted a reexamlnatlon of the operatldnal defln—-

“itions of conceptual tempo and 1ntelllgence; ‘As noted the

conceptual tempo measures dlffered in terms of the port-

ablllty of the MFF-alternatLves, but the Eska and BlaCk‘

results were generally in. agreement w1th the’ tabulated

summary . of 1nvest1gat10ns of the relatlonf‘ » betweenllntel—'

llgence andAtwo category deflnltlons of - Jal tempo,

The results for Experlment One dld not c01 ue w1th the .

e

X 8

general summary ‘It seemed reasonable to conclu?'

..

dlsc:epancy was due to some aspect :0f - Ekperlment

than the - portable alternatlves used‘by Eska and Black‘(l°7l)

\J

A second operatlonal éiﬁfﬁrence between the two studles is” ?/\
e A .

dlfferent measures of 1nt lllgence. Agaln, Otlstennon
o &
Mental Ablllty Test scores used by Eska an Black produced

correlatlons that wene generally in accord w1th prev1ous two
F
.tempo category lnvestl atlons, the Canadlan Lorge-Thorndlke

_ Intelllgence Test scores used in Experlment One were not..

Consequently, the Canadlan Lorge Thorndlke results were:

v

further analyzed for a p0331ble explanatlon of the dlscrepancy‘.

) A
between thlS and the pr£v1ous(1nvestlgatlons.

Pt _ e _ ‘ . ) .

e

1

e



. f&“ | : | 169.

.~ A review of the administration procedures of the
Cahadian Lorge—Thorndike suggested that/the test was at
least in part a 'speed test and that 1t would tO some extent
be blaSed in favor of fast respondlng subjects.‘ The format

@&‘the Canadlan Lorge Thorndike 1s multlple ch01ce, with.no
N

~«pena1ty fo essing c nsequently, with a fixed time
A 9

'llmit-andg'n Ked probablllty of gue351ng correctly, the_

more questiong completed, the higher the IQ score . Subsequent

analzsl f the number of Canadlan Lorge—Thorndlke items
. 5 .
completed'by fast and slow subjects revealed that on elght

s of the nine subtests, fast subjectsmgompleted more 1tems_

_égl

4add1t1ve way the total IQ 1s der £

b
&3

than did slow subjects.: Further analyﬁis lnd;bated that the"“

‘/

leffe;ence was greateSt for the nonverbal battéry WF 3,171 =

4.01, R < 009) Scheffe multlpié comparlsonsxdetermlned

- <

f'that SA- subjects omltted s1gn1f1cantly mpre items than d1d

'elther FI, (E < 033) or FA (Ra< 037) subjects \“Apparently

the nonverbal IQ scores and to sometextent by reason of the

1.

"T}: the total IQ scores

. [ - . 'f‘.l/ o vj.~
,o§@§ast“subjectsﬁwerehaugmente@ﬁ;;%thelr response speed

Appllcatlon of thlS IQ score bias hypo&he51s to the

ar major dlscrepanCLeS'between ‘the Experlment One results
o -t
and those of Eska and Black (1971), suggests that\the dis-~

crepanc1es may have ‘been due to the unant1c1pated 1nteractlon

v

between conceptual tempo and the operatlonal deflnltlon of

1ntelllgence used 1n Experlment One,\the-CaQadlan Lorge*

«
i

- Thorndike Intelllgen%@ Test. ' ¥~ _ s, o )
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The flrst discrepancy, the failure to find a sig— .
nlflcant p051t1ve correlation between MFF latency and either

nonverbal or total IG, appears to be explalned by the
] -
observatlon that on the Lorge- Thorndlke response laten01es

" for the nonverbal IQ and, by -virtue of the flfty percent

contrlbutlon that the nonverbal IQ makes toward the total
;.'é

IQ, the total IQ -- both are negatlvely correlated w1th IQ

If, as the majorlty ef studles have indicated, there 'is a

s v
p051t1ve correlatlon between MFﬁ response latency and lntel—

ligence, and there is a negatlwe correlatlon on this partlcular

Qo '/m

test then it 1s not surprlsmﬁ§ th&ﬁ thé obtalned correlatlon

o ‘»m ’ ;
was not 31gn1f1dant :'.” . / gt
a ' ‘ / o~ W

The second dlscrepancy, the fallure ‘to flnd a Slg* '

o - ~

¢

M" ! x_.ﬁ \ & ]
niflcant negatlve correlation between MFF errors and total N
R -ik“&‘"
IQ may also be explalned by an hypotheS1zed speed bfas of - d.

LT i
the Canadian LorgeeThorndxke. ‘If the test favors fast

‘ "

L o ‘

s . as well as thelr total number of MFF errors, then one would
!tlon between MFF errors

resp0nders such tﬁat the}é speed contributes to. thelr IQ

ultlmately expect a posltlve co~

*

E . i - ' -

C e ar. the I%ﬁéFore. Consequently the n0n51gn1f1cant correlatlon

' obserwed 1n EXperlment One lS agaln not surprlslng.v Furtheri»“
i s '

e ( . .
T e more, the observed exceptlon to the results for*all tempos . ~9

“ i oo

-~

comblned the 51gn1f1cant\negat1ve correlatlon between MFF

B

errors and nonverbal and total IQ for SA subjects,'may also !

be cons1stent with the notlon of a speed blas. Slnce it has,ﬂ

+

been noted above that sa- subjects completed s1gn1flcant1y /
o

fewer IQ test items than did FA and FI subjects, it foll/

P
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'that'the IQ scores of SA subjects would minimize the
spurious effect of response speed upon the IQ scores;"bWith
this effect raduced for subjects in the sIow—accurate cell,
a less confc .nded measure;of intelligence'maY'have been

the significant

wEAY e

o

obtained. >such a measure shoulg-yiek
’ RS T,
s

IFF errors that was

negativ- ‘relation between 1Q- f

-

observe .n the tabular summary presented above ~-- and,
inteed; that would be antlclpatedéfrom»our common. knowledge
’of the pdéitive correlations between inteIlicence and per-—
formance'on‘a'variety'ofncognitiVe tasks.

The third exception may also be explained in terms

of an hypothesized response speed bias. Contrary to the

Eska. ‘and Black (1971) flndlngs, in Exggilment One SA subjects

were not found to have 51gn1f1cantly hlgher scores than Fﬁ/,;

subjects on any of the IQ measures. But, 1f response speed

Y

‘spurlogga\\lncreased the IQ scores of fast respondlng sub-

g jects itl%b 14 Be antlclpated that the prev1ously reportedv |
dafference between SA and FI subjects would be reduced,
p0551bry below the level 'of significance. | T

Y

Flna‘ly the fourth dlscrepancy, the gignlflcantrsex

T

X tempo 1nteractlon produced by FA female subjects that had

rs;gm.flcantly hlgher nonveﬁbal and total IQ scores than dld
theif SA andeI counterparts, thls discrepangy would also

,\be ant1c1pated @5 a consequence of response speqﬂ augmentlno
the IQ scores of FA subjects and- conversely depre551ng the L

- . L

1.7

IQ sco;es/of SA and SI. subjects. " o ' ”.'

l . . ty

-
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”Adggtional evldence that supports the suggestion‘
of a speed bias in the IQ measure comes from two sources.
First, as noted in Table 2, Denney (1973) used the standard
Lorge-Thorndike to deterwine the relationship between
reflection~-impulsivity and‘IQ. The results obtained are
very sim. .cr to,those obtained in Ekperiment One with the
Canadian Lorge-Thorndike. ' This consistency reducesuthe
probability that either-of the two sets of results was a
conagﬁuenCe of atypical_samples. It increases_the'probabilitv‘

that the atypical results”obtained were related to the test
format of the Lorge—Thorndike; The second piece of evidence.

related to a possible speed bias comes from reviews of the

A 1nte111gence tests used in ;hls and the Eska and Black (1971)

“‘i‘

1nvestigat10ns (Buros,4l972) In rev1ew1ng the Lorge—
Of

(1972) has noted that while the test manual- does not. proy%
1nformat10n about the effect of tlme on the dlstrlbutlon

of scores; McComas (1967) has - reported that the tests were

v

too hlghly speeded to calculate 1nternal con51stency reli- n

ablllty coef/}cgents for a sample of black students in grades

- , . -

- seven through twelve. In contrastﬂ a review of the Otis—
Lennon Mental—Ablllty Test 1nd1cated that an evaluatlon of
the speededness of the test revealed that for an untimed

' admlnlstratlon of the test the galn was “less than two: IQ
r

' p01nts at the elementary level (Mllholland 1972) "If one

-,

can lnfer from thls 1nd1rect ev1dénce that the Canadlan

Lorge- Thorndlke Intelligence Test and the Otls—Lennon Mental

ﬁ%
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Ability’Test differ significantly in terms of speededness,
and speed is central to the conceptual tempo construct,
then speededness may explain the discrepancies between the
'conCéptual tempo-IQ relationships observed in the present
investigation -and thosﬁ!gbserved by Eska and Black (1971).
‘It is also possible that arspeed—bias.hypothesis may at
) » .
least partly explain the large amount of variation found
among the previous investigations of the conceptual tempo-
IQ relationship that were summarizedoiprable 2. |
What. is necessary is a‘specificAinvestigation,ofﬁ

~&.

. , o

the speed component of 1nte111gence measures as’a- p0551ble1
%? . ' N -

moderat&r varlable thatvlnfluences the conceptual tempo IQ

relationship. Tf test speededness dlfferentlally affects

‘the scores of fast a&f&slow tempo students as a consequence

‘of the chance probabl ty of the number of questlons attempted

the 1mpllcatlons fof the measurement of. 1nd1v1duad dlffer—

L
. ences in. general and educatic. and psychology'ln particular,

are worth COnsidering. It may well be that slow tempo-~

V)
persons will not do as well as- fast tempo persons on a variety

of 1mportant measures that can influence one's llfe, namely,
- ,

1ntelllgence tgsts, standardized achievement tests and class—

-

e L
room’}chievemSH% tests.‘ The speed blas hypoth =is suggeéts

‘the difference may befaofunctlon of &pnceptual fempo rather o
W t .

\

than cognitive ablllty.

Ekperiment Two 1nvestlgated the relatlonshlp between

-

,_qprobf%m{@ifficulty'and four coﬂéeptual tempo cla551f1catlons.

~This investigationuwas prompted by a lack of 1nformatlon
3 *

£
‘y
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~about the role of problem dlfflculty in conceptual tempo
research partlcularly the effect of problem dlfflculty
'varlatlons upon the ve. ormance of four rather than two
conceptual tempo cat gori- . It was postulated that in-
(creased leveLs of Problcm Jdifficulty would result 1n
.1naccurate subjects malntalnlng thelr 1n1t1al response'
latencies and 1ncreas1nthhe1r rate of [&Trors, while accurate
'Atmbjects would 1ncrease'the1r response latenc1es and main-

L

taln thelr inltlal error rate In addltlon,hlt was predlcted

that the negatlve correlatlon between respohse latency and

mlnlmally 1ncrea81ng thelr response latenc1es and sub—
r

stantlally 1ncreas1ng therr response errors, slow subjects

' minimally increased thelr xesponse errors and substantlally
1ncreased thelr response ;atenc1es. In addltlon, the,(,
magnltudes of the observed negatlve %prrelatlons between
response latency and error were curv1llneagaf While all
vvalues were 81gn1flcant thosb obtalned for medlum dlfficulty

problems were substantlally larger than were the approx-

imately equal values observed at the_low and “high difficulty

levels. s i

In that the ma]or hypotheses were not supported,
the results obtalned were compared with those'fromlseveral:

L AL
related 1nvestlgatlons " The results obtalned in the present

1nvest1gatlon fully support those reported by Yando and = -.%

*
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‘Kagan (1970); i.e.,'with‘lncreased problem difficulty SA
(reflective) subjscts increase'their,response latency and‘
maintain their ef%or rate; FI (impulsive) subjects maintafh
‘their response latency and increase their error rate;'and
nonextreme (FA and SI subjects combhmwd) moderately increase
both thelr response latency ‘and. error rates. This con-
firmation suggests that two of the llmltatlons of the Yando
and Kagan (1970) 1nvest1gat10n, the practice effect and
the reduced probablllty of guessing correctly, did not sub-
stantlally alter their reported results.

Qhe thlrd llmltatlon of the Yando and Kagan study,
the practlce of comblnlng the FA and SI tempo categorles
into a nonextreme cét&bbry, appears to have resulted 1n a
conceptual tempo in general Inapartlcular, the present
results 1nd1¢ate that with increasing problem dlfflculty the
| moderate latency and error lncreases .0f the nonextreme
subjects is an artlfact of averaglng the qu1te different
latencyvand error- increases of SI and FA subjects. The SI

subjects substantlally 1ncrease thelr response latencies
L

~and mlnlmally 1ncrease thelr error rate, while FA subjects o~

subSLantlally‘lncrease thelr error rate and mlnlmally 1ncrease

thelr\response latenc1es. As problem difficulty 1ncreases _{.

J
vl

'FA Subjects 1ncrea51ngly approximate the behavior of FI

subjects and the behav1or of SI subjects comes to resemble,

Ll

that of sa sub]ects. In general this information suggests
: M

~that for both the theoretical'and'operational definitions‘
. ¥ ; :
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of conceptuai tempo, response latency may be considerably

.more important than response errors.

The suggestion that latency may be more important
than.errors is’contra{;%;;\many'of the stated and.implied.
opinions expressed above in the(zﬁvieW'of the conceptual
tempo literature. For‘this reasmn a-second analysis of the
data was performed For the second analySis the conJOint,‘

conceptual tempo independent variable of the first analys%g¢

was separated into its MFF latency and error components and

analyzed as two independent variables. - The results indicated .

that while response latency and problem difficulty were both

fhighly significant variabIes, responsererror was not sig-

nificant for any aspect of CTT performance. v i+

N

Subject to replication, the observed importance of
e’
T

latency and inSignificance of errors appears to have implications

for the current debate about the relative importance of these
two. variables for the theoretical and operational defin+

itions of conceptual tempo. To greatly simplify this long

and complex debate, Block, Block, dnd Harrington (1974) argque .

that the current practice_of‘operationally defining ¢ ceptual

tempo with conjoint'latendi'and errorvmeasures has the effect

of confounding/both measures and admitting spurious variance
that reduces‘the construct validity of the MFF and admits

alcernat.ve explanations that-are. not consonant With ‘a con-
‘vantiO"fi “onceptualiZation of reflection impulSiVity To
qut“ =t one aspect of this well reasoned criticism, Block
et al. (1974) note that as well as confounding the two

N

y

e e
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variables, the additlon of the error Qariable to the

ippetatlonallzatlon of the reflectlop;*Mpu131v1ty construct

nt__v _ \

" %ad the effect of admitting variance to the measure that

was not related to the construct .Separate analyses of the

- response latency and error varlables of the MFF demonstrated

that contrary to the assunled importance of the latency
varlable, it was MFF error, not latency that accounted for
asubstantlal amounts of variance on a set of personallty A

measures, and these characterlstlcs are .not related to the

'uexpressed conceptuallzatlon of reflectlon 1mpu151v1ty (Block

et al., 1974). .

Kagan and Messer (1975) reply to this cr1t1c1sm by
notlng that while they haVe found thi }response latenc' is
not as 1mportant 1n the opedatlonallrstlon of reflectlon-
1mpu131v1ty as they had or1§&nally supposed 1t was stlll
an 1mportant varlable in that the' latency and error varlables
combrned explalned more varlance than did the errors variable”
above. They note that the dlscrepant results~of thetBlock
‘et al; (1974) 1nvestlgat10n were a consequence of the
.selectlon of preschool subjects for thelr*sanple Kagan
andxMesser(l975) present ev1dence to indicate that response h

’ N~ o
A :

. latency may not be a ‘valid measure of reflection- 1mpu151v1ty

for preschool chlldren They note that the. longer response’

. * f

:'
AN

;tlmes of preschool~§hlldren are not always associated with
fewer errors,-therefore, 1t.1s unllkély'that they are re—‘
flectlng over alternatlve hypotheses and thelr behavior may

.well be subject to alternaﬁlve explanatlons. In a rejOinder

s



4@ .thesé arguments Block, Block, and Harrington (1975)

present evidence in support of their original conclusions.
This debate is 'in itself complex, but it appears
even more complex when it is con51dered in relation to the

major result of the present study; spec1flcally, that for

\;the determination of conceptual _tempos, response latency is

T2 important variable and response accuracy is trivial.
.X‘
Con51deratlon of these results in the larger context of the

debate suggests at least three alternatlve explanatlons
Flrst, the result noted may be an. atyplcal consequence

of the redundancy method used to describe the dlfflculty
levels of the CTT. For example, 1t is conc:1vable that the
1nclu810n Sf two redundant f@ature dlffereﬂhés for low-'

difficulty- level problems  may have permltted subJectsvto .

employ- comparlson strategies that were related more to

‘response latency than to errors..

a second explanation mlght suggest that ﬂgeu}esults

are attrlbutable to the CTT being a member‘pf a” narrow class

of cogn&tlve tasks In this regard, Block et al.: (1975)
t ) - ) £. } '.) . K
nO e: . . o« gf'j ReS)

‘The #«finding that MFF latency scores have 51g—
nificant, if not high, correlations with other
latency scores derived from analogous tasks only
testifies to a generality of response latency .
within a_rather narrow class of . cognitive tasks.
and is not evidérnce per se for an interpretation-
of response latency as an index of reflection-
impulsivity more broadly conceived . (p. 615).

' However, if the latency correlatlons are a reflectlon of the .

N narrow 51m11ar1ty of the cognltlve tasks, then it seems

. ) " | ‘ - , 178,
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‘reasonable tou expect that this narrow similarity would -
produce 51gn1f1cant error correlations. R

The absence of error correlations prompts a third
explanation. Kagan and MesSer (1975) argue‘that the dis-
crepancy between their results'and thoSe of Block et al.
(1974) was due to the latter's use of preschool subjects. ‘a
Kagan and Messer note that for preschool age children,
response latency is not necessarily a reflectlon of cognltlve
bactiv1ty related to the conceptual tempo construct They
'further argue that response latency is a valid 1ndex of
conceptual tempo for school-age chlldren and adults, but
that the con301nt use of response latendy and response
accuracy is a better 1ndex of conbeptual tempo than 1s
either varlable alone In contrast to both the Block - et al

i

(1974) and the Kagan and Messer (1975) posxtrons, the results

! i
of the present lnvestlgatlon 1ndlcate that,rather thah ~\ 'ﬁ‘
\ -

¢

accuracy, 1t is response latency alone that 1s the central
|
1ndex of rellable dlfferences in conceptual tempo Con-

. sidered together, these results may be 1nterpreted as a

4] .

p0551ble 1ndlcatlon of an age related Shlft in the. role of"
both the response latency and error varlables as determlnanrs
of conceptual tempo. In accord w1th the Block et al data,

accuracy, notlatency,may be the best 1ndex of behav1or on

conceptual&fempo tasks for very young chlldren ‘Wlth-

increased age, response latehcy may 1ncrea51ngly become an

“

1mportant index of tempo behav10r to a p01nt that, as Kagan s}%

studles 1nd1catg, response latency and accuracy may be used AN
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conjointly to better account‘for conceptnal tempo variance
~than does either variahle;alOne; It may'also be the case
'that with further 1ncreases in age, response latency becomes
1ncreaslngly important as a determlnant of conceptual tempo
bebavior, while response accuracy declines in its ability

to ;account for tempo variance. |

‘ The postulation of an age-related change in con-

ceptual .tempo -behavior is' 'mittedly speculative, but therei

' are.three bhgervatlons that suggest it may be worthy of

e

'dlfurther investigatlon  First, some simllarltles and \
_ #qgfferences among. the three p051t10ns. In both/thezal//
iy A '
ffet al. (1974) and the present 1nvest1gatron the MFF latency

.'.' \
n_-‘ﬁ$dn contrast, Kagan ayd Messer (1975) ‘note that subj; ect

and error varlables‘were separately analyzed. 1In contraSt,

reﬁlectlon rﬁbu151v1ty as th% con301nt product of both
’varlables ‘ Another varlable, the age of subjects, also

reveals an 1nterest1ng pattern of 51m11ar1ty and dlfference

% m,}The Block et al (1974) subjects were of’ preschool age

samples from whlch their conclu51ons are drawn typlcally
\Arange 1n age from six to twelve years. Subjects in the

current .Study had an average age of ten years, nine months,
:thus, their 'ages approxzmate those of the oldest sub]ects-

-referred to by Kagan and Messer (1975)

Given the 51mllar1t1es and dlf‘erences noted above

it appears p0851b1e that the relatlve 1mpomtance of response o

N

. -
A3

LN W
.

2
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latency and error in conceptual tempo behavior does change

with age, but the change is obsoured in each of the three

'lnvestigatlons.‘ In the Block et al. (1974) investigation

and the present lnvestlgatjpn the change would be obscured

by the use of subjects of approxlmately the same age, albeit

the age levels between the 1nvestigatlons differed con51der—

-»ably Similarly, while Kagan's investigations involved.

children of dlfferent ages,  any. developmehtal-dhange in the

"signlfioance of the latency and error variables would be

] obscured by the ah§1y51s of the conjointly def&ned tempo P

.j?s analy81s does nottassess the 1ndependent

contrlbutlons of the. latency and error varlables
I Yy

JAnother observatlon that lends’ support to the

L}

'possibility of’ a developmental change 1n conceptual tempo

behavior 13 that the- seven< year age span of subjects in the

2

';;three investlgatlons 1s flrst a lengthy perlod of tlme hn o

terms 'of child development Second the partlcular ages
involved, four through eleven years, 1mclude the perlod
four through seven years of age that has been 1dent1f1ed by

several 1nvestlgators as a perlod of rellable cogn tlve

- behavror change . Studles of transp051tlon (Kuennf 1946) /’/

"reversal and nonreversal learn;ng (Kendler & Kendler, 1962

?

‘and the acqulred equlvalence of cues (Je(ﬁ;ey l953) have

ﬁ:all supported the observatlon that there‘ls a medlatlonal

\

def1c1ency in young chlldren (Reese, 1962). '/Whlle the

_crltlcal perlod for the tran31tlon to medlatloﬁal respondlng

varies for dlfferent tasks, the gradual trans tlons for the f

g -
< . - ' . .' M k"; .-
TN o o~ e °
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behaviors.noted above ‘occur approximately between the ages
of four and seven years., In each case, the transition is
marked by a major change inrtask performance. From these-
changes it is inferred that while the tasks remain the same
the cognitive behaviors agsociated with the task'change
drastically. Given that such changes-occur for the types
of cognitiQe behavlor noted,'such a change may also occur
for conceptual tempo beha&ior |

A final observation that may be 1nterpreted as,
support for a possible developmental change in conceptual
tempo behav1or ﬁ? that as noted above, several 1nvestlgators
have reported that with 1ncrea51ng age conceptual tempo -
latencies increase and errors decrease. In other words,
performance‘does change with age. However, does this change
reflect an alteration in the amount'of variance than can
be accounted for by the’latency and error varlables7

This explanatlon of the results of the prese¢,t study
appears to warrant addltlonal thought and poss;bly an
emplrlcal 1nvestlgatlon.v If, however,‘there is'any merit
in the 1dea of developmental change 1n the relative 1mportance
 of the c0nceptual tempo varlables, the idea should assist
“the 1nvest1gat10n of conceptual tempo by reconc111ng some
of the contradlctory results reported by tempo 1nvestlgators
The idea would " 50 have 1mp11catlons for the educatlonal
-process. 'It wl . alert educators to a change in the cognitive
:behav1or of young children that would have several 1mp11catlons

for 1nstructlon. : :
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. Experiment Three examined the effect of critical
alternative inséruction upon conceptual tempo behavior.
" In general, this method of iﬁetruction deified the con-
ceptual tempo behavior of experimental subjects sufficiently
that the original tempo cla581ficat10ns were not supported
by signlflcant latency or error dlffr-;rées on the conceptual
tempo transfer task. In congﬁast for t.ar control subjects
several significant 1atency and e rc. .. Tences on ;he
transfer task supported the origina. = ..po classifications.
Specifically, criticafhlternative-idstfuction had the effect
of significantiy;increasing the response latency and reducing
the respense errors of FI eubjects. Two other -effects that

A

approeched significance were an increase in the response
speed of SA subjects and an increase innthe accuracy of SI
subjects. If these results can be replicated, there are
several implications'of these observations for coneeptuai
tempo -~search and‘educational practice.

One im?%ﬁcation forqeoncebtual tempo research ie
- that critical alternative instruction can modify.both
response latencies and errors that define conceptual tempos.j

A

This observation adds alternative 1nstruct10p to the llSt
of techniques that have been found to successfully modify
conEeptual'tempo behaviors. This observation also lends
support to the suggestion that tempq modificaéion'per se
reduces the censtruct validity of'conceptual tempo. The

theoretlcal deflnltlon of conceptual tempo as stable 1nd1v—

idual dlfferences in the degree to which one reflects upon
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alternative cléssifications"of a stimulus or alternative

solution hypotheses, is ﬁot consiétent with the observation

that instruction can render insignificant thé response

latency and error differenées that define the four concéptual

tempo categories. If the results of the présent investigation
“e reliable, then either the conceptual tempo ccnstruct is
tnvalid or the operational definition of the construct, the

MfF}’is at least partially inadequate. While the;e is not

sdfficient évidence in this or the ﬁreviéug_two experiments

to address the major question of the construct validity of

>

conceptual tempo, there is some evidence that bears upon the

validity of the MFF as an operational definition of con-
cepﬁual fempo. The ability of the instruction treatment
to éhangeﬁthe,behaviors of FI éﬁbjecﬁs in directions consonant’
with_good-task performance suggesté that at pest some of

these subjects did not know what to look for on the MFF.

' The success of SA,subjects suggests ‘they did know what to

-look for-on.MFF tasks. Cor:zequently, the MFF appears to be

medsuring two different types of uncertainty-and it may be
these types of certainty that underlie the two major

conceptual tem categories, FI and SA (or as the singular

importance .of the latency variable in Experiment Two attests,

simply fast and slow tempo categories). . Examination of the
MFF reveals that the two practice items imclude feature

differences that are much more pronounced than are those of

the test items. Therefore, it istossible that some subjeéts

do approximate those noted by Olson (1970), who respond

.
~ A t
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rapidly because they doh't know what to look for, while
others respond slowly because.they do know what to look for.
To the extent that the MFF admitsitwo Yevels of”uncertainty,
performance on the task is the c0nfounded product.of two ,.
variables: the ability to understand conceptual tempo’

" instructions, and the ability to solve conceptual tempo
problems. The conceptual tempo construct is operationally
definea as the ability‘to solve conceptual tempo problems.
Therefore, if this psssible cqntdunding source ef variance
was remoyed from conceptual tempo measures by the use ofl
instruction techniques such as those used in the present
investigation, it shOuld have the effect of refining indiv-
idual differences attributed to conceptual tempo and
facilitate =he task of testing the construct validity of

this variable. If conceptual tempo is presently confounded
by ithyidual differences in understanding task instructions,
‘Zpi if this pOBSlble artifact can be removed, ‘then it may

~be that variance presently attributable to conceptual temp:'
;ay be better explained by such psychological variables as

intelligence, practice, anxiety, motivation, etc. and there

may be no need to postulate a conéeptual tempo COnstfuct;



REFERENCES

186.

7



~ : . 187.

Adams, W V. Strategy differences between reflective and

impulsive children. Child Development, 1972, 43, 1076-
1080. , ‘ .

.y

~Armentrout, J. . Parental child-rearing attitudés and pre-

- adolescent's problem behaviors. Journal of Consulting '
and Clinical Psychology, 1971 3 278 285. : .

Ault, R. Prpblem-solving strategies of reflective, 1mpu151ve,‘
fast-accurate, and slow-accurate children. child
Development, 1973 44 ’259 266.

Ault, R L., Crawford D.E., & Jeffery, W.E. Visual scanning
strategies of reflective, 1mpul51ve, fast-accurate, and
" .8low~inaccurate children on the Matching Familiar Figures
test. -Child Development 1972, 43, 1412-1417.

Banta, T.J. Tests for the evaluation of early ChlldhOOd
education: The Cincinnati Autonomy Test Battery (CATB).
In J. Hellmuth (EA4.), Cognitive Studies (Vol. 1). New
- York: Bruhner/Mazel, 1970.

e

,Berman, P.Wz, & Villwock, M.A. Response latency: Errors and

subsequent change of response on retest. Journal.of
Educational Psychology, 1971, 62 (6), 474- '

Berzonsky, M.D. Reflectivity, 1nterna11ty, and animistic
thinking. Child Development," 1974, 45, 785-789.

Blishen, B.R. A socioceconomic index for occupations in Canada.
Canadian Review of Anthropology and Sociology, 1967, 4,
{1-573, .

Block, J., Block, J. H., & Harrington, D.M. Some misg1v1ngs
about the matching familiar figures test as a measure of
reflection -impulsivity. Developmental Psychology, 1974,
10 (5), 611-632. X - ' :

Biock, J., Block, J.H., & Harrington, D.M. Comment on the

/' Kagan-Messer reply.' Developmental Psychology, 1975, 11

(2), 249-252. - .

Briggs, C.H. -An experlmental study of reflectlon 1mpu181v1ty '
in children. Unpublished doctoral dissertation. University
of Minnesota, 1966. :

' Briggs, C.H., & Weinberg, R.A. Effects of reinforcement in

training children's conceptual tempos. Journal of
. Educational Psychology, 1973, 65 (3}, 383-394. <~\

/

Bruner, J.S., odriow, J.J., S'Austin, G.A. A Study of
Thinking. New York: John Wiley, 1966.. .

-

—x



188.

" Buros, O0.K. (Ed.), The Séventh Mental Measurements Yearbook.
New Jersey: Gryphon Press, 1972,

Campbell, D.R. A study of the relationship between discrim-
ination response styles.and the orienting response.
-Unpublished doctoral dissertation, University of
Arberta, 1968 A .

.

Campbell S.B., Douglas, V.I., & Morgenstern, G. Cognitive

n hyperactive children and the effect of
' methylphenidate. Journal of Child Psycholo and
Psychiatr and Applied Disciplines,.- 1971 12,7 55-67.

Cambbéll D. T.,\\\sianley, J.T. Experimental and quasi--
egperimental dejgigns for research .Chicago: Rand McNally,

1388, . \ _ E

Cathcart, W. G., & Leidtke, W. RefleotiveneBS/impulsiveness
and mathematics achievement. The Arithmetic Teacher,
1969, 16, 563-567. o

Cathcart, W.G., & Leidtke, W. Role of‘conceptual tempo'in
concept formation. The Alberta Journal of Educational
Research, 1973, 19 (3), 216~ 223 v

Coop, R.H., & Sigel, I.E. Cognitive styleﬁ Implications for
learning and instruction. Psychology in Schools;vl97l,

Coyle, P.J. Differences in reflection-impu181v1ty as a
function of race, sex, and socio-economic class.
Unpublished doctoral dissertation, George Peabody College .
‘for Teachers, 1966. .
Debus, R.L. Effects of brief observatlon of model beaavior.
on conceptual tempo of impulsive childreén. Developmental

Psychology, 1970, 2 (1), 22-32. ’ . . S :
Denney, D.R.: Modeling effects upon conceptual sstyle’ and o

cognitive tempo. Child Development, 1972,- 43 (1), 105-
119- . \ v - A

" Denney, D. Reflection and impulsivity as determinants of
conceptual strategy._ Child Development, 1973, gi, 614-

623. .
Denney, D.R. @elationshlp of three cognitive style dimen51ons(\\;
to elementary reading abilities. Journal of Educational ‘

Psychologx ‘1974, 66 (5), 702-709.

Draguns, J.G., & Multari, G. Recognition of perceptually
ambiguous stimuli in grade school- chlldren. ~Child
Development, 1961, 32, 541- 550. S

i




189.

.Drake, D.M. Percepthal correlates of impulsive and reflective
behavior. Unpublished doctoral dissertation, Harvard
University, 1968.

Drake, D.M. Peréeptual correlates of impulsive and reflective
behavior. 'Developmental Psychology, 1970, 2 (2), 202—214.

Egeland, B. Training impulsive children in the use of more
efficient scanning techniquea Child Development, 1974,
45 (1), 165- -171.. : .

Eska, B., '& Black, K.N. Concepﬁuél tempo in young grade-
school children. Child Development, 1971, 42, 505-516.

Ferguson, G.A. _Statisticel analysis in psychology and
education. Toronto: McGraw-HIIl, 19 l.

Finch, A.J., Deardorff, P.A., & Montgomery, L.E. Reflection-
-, impulsivity: Reliability of the matching familiar ;figures.
test with emotionally disturbed children. Psxchological
Reports,- 1974, 35, 1133- -1134. ‘ e

Finch, A.J.; Nelson, III, W.M., Montgomery, L.E., & Stein,
A.B. Reflection-impu181vity and .locus of control in
.emotionally disturbed children. The Journal of Genetic
Ps chology, 1974 125, 273-275. - .

Finch, A.J., Jr., Pezzuti, K.A., Montgomery, L E., & Kemp,,
- S.R. Reflection-impulsivity and-academic atta1nment
in emotionally disturbed children. Journal of Abnormal
- Child Paychology, 1974, 2, 71-74. - :

a

'Fuqua, R.W., Bartsch, T. Wf3 & Phye, .G.D. An investigation
of the relationship between cognitive tempo and creat- -
ivity in preschool-age hildren.  Child Development, 1975,

46 (3), 779-782. G?‘ ‘

:

Garner, J., Percey, L., & Lawson, T.. Sex differenceg in
behavioral 1mpu151v1ty, intellectual impulsgivity, and
attainment.in young children. - Journal of Child Paxchology
and Psychiatry, 1971, 12, 261- 27I . o

.-’. .

Garner, W.R. To perceive is to know American Psychologist, R
1966, 2i, ll 19,

1 ' ' . )

Gauld, A., & Stephenson, G.M. Some experiments relating to
Bartlett's theory of remembe:ing. British Journal of

Pszchologx 1967, 58 39-49. »”
Gibson, E. J.l Principles of perceptual learning and develop-
.-ment. New York Appleton Century Crofis, 1969. -

- . .

,_\__’ ) .
i .
. ) ; -

[



e

t

' - Kagan, JzkuImpuléive and reflective childf?n: Significance

> Kagan, J. Individual differences in the reéolution’of -- |

190.

Gozali, J.'“Impulsivity—reflectivity'as problem~solving styles
among educable mentally retarded children. American '
- Journal of Mental Deficiency, 1969, 73, 864-867. -

Grim, P.F. A sustained attention camparison of childfenwand
‘adultd using reaction time set and GSR. Journal of
Experimental Child Psychology, 1967, 5, 28-39.

Hagen, J.W. Strategieh\fog remembering. 1In S. Farnham-
: Diggory (Ed.)., Information processing in children.’ New
York: Academic Press, 1373, '

Harcum, P.M., & Harcum, E.R. Tempo modification of visual
perception of EMR children. Perceptual and Motor Skil.s,
1973,“_3_7', 179-188- ' - . \“-‘ N

Harrison, A., &'Nadéiﬁan, L. Conceptual tempo and inhibition ;
: of movement in black preschool children. Child Development, B
1972, 43°(2), 657-668. ' Lo T : S

Heider, E.R.- Style and effectiveness of children's verbal
communications within and between social classes.
. Unpublished doctoral dissertation, Harvard University,

~ 1969. (Abstract) o q N
- s g . )

Heider,, E.R. Information processing and the modification of
‘an "impulsive conceptual tempo." Child. Development, 1@71,

ii (3), 1276-1281.

H;mry) F.M. Effect of reinforcement conditions on a dis-

-+ crimination learning task for impulsive versus reflective
children. Child Development, 1973, 44, 657-660.

Hess, R.D., & Shipﬁah, C. Early exﬁerience and the social-
- 1zation Of cognitive modes in children. Child Development,

e E

1965, 36, 36::§86. :
Jefffey, W.E. T effects of verbal and nonverbal responses -

‘ in. mediating an instrumental act. Journal of Experimental

Psychology, 1953, 45, 327-333.

'4 Kagan, J. Develqpmeﬁtal studies in_reflecﬁion-analysis. In

A.H. Kidd & J.L. Riviori (Eds.), Perceptual and conceptual
development in the child. New York: Internatlona
Universities Press, 964. : ' : .

of- conceptual tempo. 1In J.D. Krumboltz (Ed.), Learnin

' and the educational process. Chicago,, Rand McNally, S, o
I33-T8T. {(a) o ‘ L

response uncertainty. Journal of Personality and Social l

Psychology, 1965, 2 (2), 154-160. - B



- T e S191%
\ | ‘1{‘ !4" \ kS . " .o ’ .
. Kagan, J. Reflection-impulsivity and reading ability.in
pPrimary’ grade children. Child Development,: 1965, 39,
609-628. (c) . - 3

uV“f“KAéan,:J;' Body build and conéeptual iméﬁlqivity\iq children.
' Journal of Personality, L966,‘21;5é4£—%§8. (a)
N ’» on | - NG > - i T AN -

. ‘ . f M " .- "' - . B . B o '"".‘ "~ \\u A .. . ’\- N
" Kagan, J. A deOelopmentallapproaghﬁﬁb“cq s@ptual .growth. -

In Klausmeier, H.G., &-Harrig, G.W. (Eléo)r~AnalY818de—ﬁ'“
Concept Learnin ..‘ﬁeWTYork:_Rﬁggq@;c Pre%ﬁ:\1955,537f;,,.
b N ) _".'-»-.““» . ' ‘\“' "\:'s\..
: DNy ‘ 3 |

N . .
, X SN o S
Kagan, J. Reflectioh-xmpulsiqity: The génerality;anérdynamics
‘of concéptual tempo. Journal of Abnormal Psychology, 1966,
<71, 17-24. (c) T - ER I
~  Kagan, J» - Biological aspects of inhibition systems. American -
© ' Journal &f Diseases of Children, 1967, .}14, 507-512. (a
. i LA ; LN

»

KaganL J;~ Persoqality and the leagﬁing-proéesb; fn J. 'aganl

(Ed.), Creativity and Learnin - »Boston: Houghton, Mi¥flin
Co., 1QE7T‘I!3:f§?;‘nﬂ‘T£;T*g L ;w*,.' L |

FE s
a

Kagan, J. Thé'déte;miphhts_of attention in the infant.
American Scientist, 1970, 58, 298-306. - '

Kagan, J. Change and continuity iﬁ ih?ancy. ‘foronto: John
Wiley, I37T. v i , . ’
Kagan, J. Do infants think? Scientifi¢ American, 1972, 225",
(3), 74-82. - , . i}

Kagan, J., & Kogan} N. IndiVidudl yaiiation in ¢ gnitivé
processes. In P. Mussén (Ed4.), Carmichael's.
child psychology, Vol. l, New York, W ey,

Kagan, J., & Messer, S.B. A reply to "Some Misgivings _about
the Matching Familiar Figures Test as a Measure of
Reflection-ImpulsivityAf Developmental Psychology, 1975,

© 11 (2), 244-248. . . < T

‘Kagan, J., Moss, H.A., & Sigel, I.E. PsychologiCal’signif-,

icance.of styles of conceptualization. . Monographs of -
the Society for Research in Child Develoggent, §§33,.g§
i 4 (o] 2 NO. 7 - .

Kagan, J., Peatson, L., & Welch, L. Conceptual impulsivity
and inductive reasoning. Child Development, 1966, 37,
583-594. (a) ‘ ' T - T

‘Kagah, J.,‘éearsdn, L., & Welch, L. Modifiabiiity 6f an
impulsive tempo. Journal of Educational Psychology, 1966,
57, 359-365. (b) o . ' o

[



T 192.

Kagan, 'J., & Rosmah, B.L. Cardiac and respiratory -correlates
of attention and an analytic attitude. Journal:of -Experi-
mental Child Psychology: 1964, 1, 50-63. 2,

‘Kagar, J., Rosman, B.L., Day, D., Albert, J., & Phillips, W..
' Iinformation processing in the child: Significance of
_ analytic and reflective attitudea Psychological Mono-
graghs, 1964 78, (Whole No. 578). . : .

Karp, S.A., & Konstadt, N.L. Manual for the Children's
‘Embedded Figures Test. Brooklyn, N.Y. Cognitive Tests,
. 1963. . ' 4 > . .

‘)

 Katz, J. M. Reflectlon impu181v1ty and color-form sortlng
child Development, 1971, 42, 745 754 S

Kendler. H.H., & Kendler, T.S.,‘Verticab ano hofizontel
‘processes in problem-solving. Psychological Review, -
1962, 69, 1-16. , . PN

Kilburg, R.R., ; Siegel, A.W. Differentl&l:featuge analisis
in the recognition memory of reflective and impulsive
children. Memory and Cognition,- 1973, 1 (4), 413-419.

Kogan, N. Educational implications of cognitive style.
* In G.S. Lesser, (Ed.), Psychological and Educational
Pract‘ce. Glenview: Scott Foresman, 1 , - .

by

Kuenne, M.K. Experimental”’nvestigation Qf the relation of
‘ language to transposition pehavier in young children.
‘Journal of Experimental Psychology, 1946, 36, 471-490.

“Lee, L.C., Kagan, J., & Rabson, A. Influence of a preference
for analytic categorization -upon concept acqulsition.
Child Development 1963, 34, 433- 442.

Lesiak, J.F." "he relatlonshlp of the reflectlon-lmpulsiv1ty
dimensic anc the reading ability of elementary school
childrer -t .wo grade levels. Unpublished doctoral.
dxssertatlon, Ohio Scate UnLVersity, 1970. (Abstract).

.Lewis, ML, Rausch, M., Goldberg, S., & Dodd, C. 'Error,
response time and IQ: Sex differences in cognitive style
of preschool Cchildren. Per-eptual and.Motor Skills,
1968, 26, 563 568. : ‘ : i

Luria, A.R. The directive function of speech in development.
Word, 1959, 15, 341-352.

Luria, A.R. The role of speech in the regulation of normal
and abnormal behavior. New York:'LIveright, 1961.




193.

BN

Maccoby, E.E. Sex differences in intellectual functioningf
In E.E. Maccoby (Ed.), ‘The development of sex differences.
' stanford Cal.: Stanford University Press, 1966.

Mann, L. Differencea between reflective. and-impu191ve childrer
in tempo-and quality of decision making. Child Development,
1973, 44 274-279. \ .

<«

>

‘Marks, E. Some situational correlates of recognition response
level. Journal of Personality and Social Plxchology,
1967’ x6, ,102 106- . T ‘\“, ¢

Marks, E. Personality factors in the performance.of a per-
ceptual recognition ‘task’ under competing -incentives.
‘%%ggggg of .Personality and Social Psychdloqy,® 1968, 8,

t

. -

'Massori D.J., The relatioh of reflection-iﬁoulsibity te field
dependence—ihdependence and internal-external control in
children. Journal of Genetic Psychology, 1975, .126,

- 61-68.. ’ N

4 - 3
2 a

Massari, D.J., & Massari, J.A. Sex differences in the
relation .of cognitive style and intellectual functioning
in disadvantaged preschool children. Journal of Genetic
Psychology, 1973, 122, 175-181. ‘

-Maosari, D.J., & Schack, M.L. Discrimination learning by
reflective and impulsive children as a function of - -
reinforcement schedule.. Developmental quchology, 1972,
6 (1), 183. .

heichenbaum, D., & Goodman, J. 'Reflection- -impulsivity and
~ verbal control of motor behavior. Child Development,
1969, 40, 785-797. :

Miechenbaum, D.H., & Goodman, J. Training impulsive children
to talk to themselves: A means of developing self-control.
Journal of Abnormal Psychology, 1971, 77, 115-126.

Messer, S. The effect of anxiety over intellectual perform-
ance on reflection-impulsivity in children. Child
-.Development, 1970, 41, 723-735. (a) -

Messer, s. Reflection-impulsivity: Stability and school
failure. Jourral of Educational Psychology, 1970, 61,
487-490. (b)

¥

ZMeSSQf, -& Kagan, J. Changes in reflection-impulsivity
follow1ng situationally induced anxiety. Proceedings of
‘thé 77th Annual Convention of the American Psychological
!Association, 1969, 4 (1), 331-332.
]




194 7

‘' Mi_holland, J. Otis-Lennon Mental Abilities Test Review.
In 0.K. Buros (td.), The Seventh Mertal Measurements’
Yearbook. New Jersey: Gryphor Press, 1972, 690—691.

Montgomery, L.E., & Finch, A.J. Reflection- impulaivity and
locus of conflict in emotionally disturbed children.
Journal of Genetic Psychology, 1975, 126, 89- 92.

Mosher, F.A., & Hornsby, J.R:. On asking questions. In J.
Bruner, R.R. Olver, P.M.’Greenfield, et al., (Eds.),
Studies  in .Cognitive Growth. New York: Wiley,'1966,

Mumbauer, C. C.,'& Miller, J. 0.‘ Socioeconomic background
and cognitive functioning in preschool children. .
'Child Development, 1970, 41, 471- 480

McComa-, W.C. Structure and function of the LorgedThorndike
‘Intelligence Tests when used with Negro schéol children.
Unpublished master's thesis, Marshall Univeraity,_l967

’ McKinney, J.D. Problem-solving strategies in impulaive and
reflective second graders. Developmental Psychologx, ‘
1973, 8 (1), 145. ‘

A

'McKinney, J.D.  Teacher perceptions of clasaroom behav1or
of reflective and’ impulsive ‘ehildren. Psychology in
the Schools, 19759 12 (3), 348- 353 ‘

Nelson, T.F. The effects of. training in attontion development
on’ observing behavior in. reéflective and .mpulsive children._
Unpublished doctoral dissertation, University of Minnesota,
1968. (Abstract) .

Nuessle, w.' Reflectiv1ty as an influence on focusing
behavior of children. Journal of Experimental Child

Psychology, 1972, 14, 265-276. | ,

Odom, R.D., McIntyre, C.W., & Neale, G.S. The influence of ’
cognitive style on percéeptual learning. Child Develop-
ment, 1971, 42 (3), 883-891. !

Olson, D.R. Cognitive develoﬁment: The child's acguisition‘”
of diagonality. - New York: Academic Press, 1970.

Olson, D.R. On a theory of instruction: Why different forms
of instruction result in 31m11ar knowledge. Interchange,:
1972, _3, 9 24. :

Oléon, D.R. Hass media versus schoolmen: .The role of the ;
means of instruction in the attainment of educational‘ '
goaIs. Interchange, 1974, 5. (2), 11-17.

«



195.

LA
-
(]

: n ° .
Ostfeld, B.M., & Neimark, E.D. Effect of response, , time

restriction upon cognitive style scores. Proceedings
of the 75th Annual Convention of the American Psychological

Association,»1967( 2, 169;170.'

~

Pederson, P.A., Q.Wender, P.H. Eariy\social correlates of
cognitive functioning in s8ix-year-old boys. cChild
.Development, 1968, 39, 185-194. T '
. R B ‘ )
Pick, A.D. Improvement of visual and tactual form discrim-
ination. Journal of Experimental Psychology, 1965, 69, |

331-339.

Plomin, R., & Willerman, L. A cé-twin control, study and a

’ twin study of reflection-impulsivity in children.
Journal of Educational Psychology, 1975, 67 (4), 537~
543.

‘Reali, N., & Hall, V. Effect of success and failure on the =
. reflective and impulsive child. Developmental Psychologyk
1970, 3 (3), 392-402. ' ‘ o

Reese, H.W.. Verbal mediation as a function of age level.
Psychological Bulletin', 1962, 59, 502-509. -

Reppucci, N.D. Individual differenceé in the considé}ation
of information among two-Year-old children. Developmental

Psychology, 1970,4 2 (2), 24D-~246.

Ridberg, E.H., Parke, R.D., & Hetherington, E.M. Modification
of imgulsivenand reflective gognitive styles through
observation-of film-mediated models. Developmental

- Psychology, 1971, 3 (3), 369-37"
. - - »

-;Rottef,/J.ﬁi Ceneréliieﬁ expectanciés for internal versus
external control of reinforcement. Psychological
Monographs; 1966, 80 (l)g'Whoie'No. 609." : .

Scarr, S.: Genetic factors in actiyity motivation.~ Child
" Develor - 1966, 37, 663678’ - LT
e —_ - - — . - A . :

-Schack, M..., & .iassari, D.J. The effect >f -onceptual tempo
. and re nfcrcement conditions on probab.’’ .y learning.
Paper p.- 1en:=d at ‘the biennial meeting af ‘the-Society

for Rese: -~* in Child Development; Minneapolis, Minnesota, '

April 197.. o~ -
. N 3 ¢ . . '_‘v’ . ) -
Schlféfer, M.; & Douglas, V.I. Moral ‘judgements, béhaviqr
- and _cdognitive style in young'children. Canadian Journal -
."* of Behavioral Science, 1973, 5 (2y, 133-134. -

Schbebel, A.I. -Effecﬁs of'impuisivity on performance of
' verbal tasks in middlef and lower-class child;en.

B

e



196.

American Journal of Ortho-psychiatry, 1966, 36 (1),
13-21.

. - 3 oo
Shine, D.W. -Cognitive impulsivity and Piaget's.theory of
perceptual decentration. Dissertation Abstract Inter-
national, 1971, 32 (4-B), 2385-338%¢.

Siegel, A.w.,JKiraqic, K.C., & Kilburg, R.R. ‘Recognition
memory in impulsive and reflective preschool.children.
Child Development, 1973, 44, 651-656.

Siegelman, E.Y. Observing behavior in impylsive and re-
- flective children. Unpublished doctorgﬂ dissertation,
- University of Minnesota, 1966. ¢ »

Siegelman; E. Reflective and impulsive'Observing behavior.
Child Development, 1969, 40, 1213-1222,.

- Sigel, I.E. When do we know what a child knoQS? Human
Development, 1974,°17 (3), 201-217. ' ‘

Souch, S. A cross-sectional study of reflectionfimbuisivity.

Unpublished doctoral dissertation, University of 'Alberta,"

1970. .,

Souch, S.G., &-LeFrancois, G.R. .Conceptual tempo and
elementary school children.- In H.W. Zingle & E.E. Fox

(Eds.), The elementar school counsellor in the decade
ahead. Toronto: Holt, TInehart & Winston, 1972.

Stevens, J.H. Reflectivity and impulgivity in disadvantaged
- :» preschool children. Paper presented at the meet ng of
R .

the Southeastern Psychological Association, Atlanta, .
Georgia, April 196z3. e '

Tittle, C.K. Lorge-Thorndike Intellligence Test Review.
In O.K. Buros, The Seventh Mental Measurements Yearbook.
- New Jersey: Gryphon Press, 197 '

Vurpillot, E. The -development of scanning strategies and

thedir relation to isualédifferentiation. Journal of
Experimental child sychalogy, 1968, 6, 632-650.

Vygotsky, L.S. Thought ;}d/'anguage. New York: Wiley, 1962.

Wallach, M.A., & Caron, A.J. Attribute criteriality and sex-
linked conservatism as determinants of psychological '
similarity; Journal of Abnormal and Social PsYchology,
1959, 39, 43-50. T : :

.~ Ward, W.C. Reflectibn—impulsivi;y in-kindergarten chilc —en.
Child Development, 1968,w§2,'867-874;

@



a k ‘ ‘ 197.

IWeinbérg,.R.K. The effects of different types of reinforce-
‘ment in training a reflective conceptual tempo.
Unpublished doctoral dissertation, University of
Minnesota, 1969. (Abstract)”

Weinei, A.S. Visual information processing speed in réflective
and impulsivelch 1iren. child Development, 1975, 46,
998-1000. , N

Weiner, - A.S., & ”dams, W.V. The effect of failure and
frustration ‘on reflective and impulsive children.
Journal of Experimental Child Psychology;‘1974,r;1,
353-3539. T

Weiner, A.S., &‘Berzonsky; M.D. Development of'selective
attention in reflective and impulsive children. Child
Development, 1975, 46 (2), 545-549,.

Winer, B.J. Statistical principles in experimental design.
' Toronto: McGraw-HI11, 1971. '

Witkin, H.A., Dyk, R.B., Faterson, H.F., Goodenough, R.D.,
& Karp, S.A. Psychological Differentiation. : New. York:
Wiley, 1962." ' : : ' :

Yando,~R.;'& Kagan, J. The effect of teacher'tempo on the
child. child Development,‘1968, 39, 27-34.

Yando; R.M., & Kagan, J. The effect of task complexity on
- reflection-impulsivity. Cognitive Psychology, 1970, 1,
192-220. v -

Zelniker, T., Cochavi, D., & Yered, J. The relationship
between speed of performance and cognitive style: The
effect of imposed modification of response latency.
Child Development, 1974, 45, 779-784. - ~

\\Ze%ﬁiker, T., Jeffrey, W.E., Ault, R., & Parsons, J. Analysis
- “ and modification of search strategies of impulsive and
reflective children on the Matching Familiar Figures
test. Child Development, 1972, 43 (2), 321-335.

Zelniker, T., &'Oppenheimef, L, Modification of information //7
processing of impulsive children. Child Development, / /~ !

1973, 44, 445-450.

Zucker, J.S., & %tricker, G. Impulsivity-reflecpiﬁityfiﬁzfg\\‘7
' preschool headstart and middleclass .children. Journal :
of Learning Disabilities, 1968, 1, 578-583. - -, y

/f—’




o

APPENDICESV

198.



APPENDIX A

CORRELATES OF REFLECTION-IMPULSIVITY

199,



200.

CORRELATES OF REFLECTION-IMPULSIVITY

_Another part of the research on conceptual tempo
has been concerned with the deterﬂination of relationships
between the postulated conceptual tempo construct and other
' psychological constructs. Examination of'this literature
indicated that while a summary of this part of the tempo
research was not essential to the development of the three
experiments outlined above, the review provided information
that will facilitate one's understanding of the construct
‘and its place in psychology, consequently, a summary of this
research is presented to complete the review of conceptunal
tempo. A question that may serve as a focus for this
summary is: 1Is conceptual tempo an anomaly that is unique
to a few tasks such as those described above, or is it a
. construct that is applicable to a wider class of human
behaviors? The eVidence bearing on this question 1s nec-
essarily of a correlational nature and it comprises the bulk
of the research done on conceptual tempo to date.\ The
postulated correlates of conceptual tempo,that have been .
investigated are: chronological age, sex, motor act1v1ty,
"soc1oeconom1c status, hypothe81s generation and evaluation,
discrimination learning, 1nduct1ve reasoning, cognitive style,
- attention, moral Judgement, creat1v1ty, and measured 1ntel—
iligence,{ The 1ntelligence relationship was examined above;

therefore, it will not be included in this review.
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- Chronological Age

Kagan (1966b) has evaluated the developmental course

§

of reflection-impuleiVity w1th a croee sectional study of
children aged six to. ten years. Performance on the MFF,
DRT, HVM, and VA tasks revealed'conSietently negative cor-
relations between the response latency and error variables
(coefficients ranged between r ='-.30and r =-.60). With
increased age, there were eignificant decreases in errors
and significant increases in response latenc1es on the MFF
DRT, and HVM, Corresponding data from the VA task indicated
‘that with increased age there is8 an increase in response
latency and a reduction of errors in labelling the figural
componegz;ﬁbut a decrease in response latency and an increase
in labelling errors for background components (Kagan, 1966b)
This result is interpreted as evidence suggesting that the
disposition to reflect over alternative solution hypothesges ’
grows stronger as the child matures.

-Furtherbevidence in support of a linear increase in
reflection w1th dge comes from Katz (1971) Katz found that

the mean age of impulsive subjects was Significantly lower

than . at °f reflectlve subjects. 1In addition, he found

that . g ‘lated negatively with® MFF errors (r = -.51,

P<. 9sitively with response latencyV(E =v”2l,

P < .05, I.A X
| In 2 =" the re:vlts of Kagan (1966b), and Katz

(197.), sc =~ -corted -hat "... no positive linear

'relationshi? o ind batwee . je and reflectivity for either
v
y
¢

a3 b g
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male or female subjects (p' 3;\,"‘ However, comparison of

,ntheqrelationship between response latency and age with th t

R
betwe%h response errors and age, admits the alternative

I - , . A ’
explanationfthat increases in response latency with irncreased

age were confounded with an inverse relation between age and

task difficulty W1th increased age conceptual tempo
problems become less difficult such that they require less

" time and produce fewer errors.v Support for this inverse
relationship'is found in the error-age data which shows that
the number of errors was negatively correlated with‘age.
While Soﬁch's resultshmay be explained by the postulation.
of an inwerse relation between -age and tash difficultﬁé his
stndy prompts a reconsideration of'the results of both Kagan

(1966b) and Katz (1 ). Of partfeqlar importance is clar-

ification of the gdeveral relationshjps that exist among
tb*\yariables. age, task difficultyf \esponse latency and
.response errors. It would appear that ntil one Can.quantify
levels of task difficulty and control this variable at
various age levels, estimates of the relationship between
age and conceptual tempo are of questlonable validlty |

An alternatlve explanation of the age- related change
inﬁconceptualvtempo,is offered by Draguns and Multari (1961).
They have indicated that a corresponding characteristic'df
the developmental change toward increased reflection 1s the
demonstratlon of a general dlsp031t10n to be more cautious

w1th age; i.e., to become increasingly concerned with avoiding

‘ a,mistake, These investigators showed ambiguous pictures to
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children in grades l; 3, 5, and 7, and graddally added clues
to decrease}the‘ambiguity of the stimuli. The younger
children offered guesses early,\whereaq\gidgr children pro-
ceeded cauticusly and inhibited hypotheses until they were
.more certain\of'the accuracy bf’their responees. As would
'be expected the error rate of the younger children ya:
considerably higher than that of older childrenf’

: - s | 7/

/

/
Sex o

While sex differences in conceptua tempo have seldo
been the major subject of an investigation, the 1nclusion by
Kagan and Kogan (1970) of Maccoby's*typothetical explanation
of sex differences in\intellectual performance under the
reflection—impulsivity rubric prcvides an enticing proposition
‘that should promote spec1f1c research on this question
tefly, Maccoby (1966) postulates that sex differences in

intellectual performance are curvilinearly related to a
_ personality dimeneion of inhibition—impulsiveness. The
positions occupied by males and females on this dimension
‘are presumed to be.different‘fsee Figure-1l). Generally,
-boys'must becoﬁe more inhibitedfand girls_less inhibited to
‘4incre se their intellectual performance. Kagan and Kogan

{5976? interpret Maccoby's hypotheSis as an 1ndication that
sex differences in intellectual-performance may be a con-
sequence of differences in attitude4toward error, rather than
differences'in decoding,‘memory capacity, or hypothesia |

generation. Boys are more willing to tolerate the risk of

e e o e v e
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FIG. 1 Re ~..ve positions. of boys and girls on an hypoth-
esized personality dimension running from inhibited
- to impulsive, which is curvilinearly related to the,
quality of intelligent performance (Maccq?y, 1966) .
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error than are'girls (Wallach & Caron, 1959); thus, sex
dirferences in intellectual per formance may be related to
personal cautiousness.

Evidence that is consonant with the Maccoby
hypothesis comes from, Cathcart and Leidtke (1973). In a
sample of seven- and eight—year-old subjects, males were

T

found to be significantly more impulsive than were females:
However, these 1nvestigators suggest that reflectiveness
may be a function of maturity. The sex difference obtained
may "be related to the more rapid rate of maturation of (
females at this age level. |

t An early study that focused upon sex differences in
reflection impulsiv1ty (Lewis, Rausch Goldberg, &'Dodd,
1968).foqnd no.sex difference for ,either the error'or‘latencyf
variables. It was found, however, that errors were more
' strongly related to. %Q/in\girls than in boys, and to response
speed in boys ‘than in girls, a result that is consonant
with ‘the Maccoby hypothesis More recently, Massari and °
Massari (1973) have repllcated the Lewis et al (1968)'
regults with a sample of disadvantaged preschool chlldren
Massari and Massari argue that desplte the absence of over-
all sex differences for the latency and error variables,
‘sex differences in the patterns of correlatlons among measures
of 1ntellectual ability and conceptual tempo indicate that
~“the conceptual tempo measures are not functlonally equivalent

for. both sexes, that 1s, the same . behav1ors have dlfferent

v
psychologlcal meanings" for the two sexes

. N
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In an extensive investigation of sex differences in

impulsive behayior, Garner, Percy, and Lawson'(lQ?l) evalu-

ated the Maccoby hypothesis in relation to two types of

impulsivity behavioral 1mpu131v1ty, defined as gross changes
in activity in a classroom setting, and intellectual impul—l
sivity, defined as one oOf the tempo tasks used by Kagan et .
al. (1964) which required subjects to 1dent1fy one of six
pictures which differed slightly from five identical pictures.
Using four subtests of the Wechsler Intelligence Scale for
Children (WISC) as a measure of intellectual performance,
Garner et al. found no support for -Maccoby's argument that

the relationship between behavioral impulsivity and‘intellect~

ual performance jis curvilinear. Support was obtained'fora

her_argument that behaviorally; boys are more'impulaive’than
girls.~ With regard to 1ntellectual impulsiv1ty, no support
was obtained for any of the deductions of Maccoby's hypoti. -
esis, but as Garner et al .. note: ﬂ... the lack of support -
might well be due to intellectual impulsivity being a |
varlable that is unrelated to lmpu181v1ty of the klnd re-

ferred to by Maccoby (p. 268)."

Motor Activity'

Evidence that individual differences in conceptual

tempo occur for motor behaV1or as well as cognitive behavior'

' comes from Harrlson and Nadelman (1972) . Preschool children

‘were compared in. ters of their performance on two measures

of motor inhibltlon,\the Draw a Line Slowly Test and Walk

.
Rl e oo



Slowly Test; one measure of intelligence, the Peabody Picture

Vocabuiary.Test; qnd one measure of conceptual tempo, the

T
v -,

MFF. Correlations among\phése variables indicated that MFF \
respénse laéency scores were positively and significantly
correlated with resrnnse latencies on both motor inhibition

r "
measures, and positively, but insignificantly related to IQ.

.Error.scoreq\gg>the MFF wére not related to the'motqr i//~*
inhibition tasks Qhen these were administered without task
speed instructions, but wer; negative1y and éigniﬁicantly
related when subjects were-instructed to complete the tesks
as slowly as possible.' The latter relationship also held
Dyhen the difference betweeﬂ the scores of the ho—speed
instruction ana slow-speed 1nstruc£ion administrations was
used as a dependent variable. A second analysis was conducted
for those subjects classified as reflective or impulsive
ec¢ording éo @he di;hctdmpus clacsification of'MfF 1atenc§
and error scores.’ These subje ~ were then classified as
1nh1b1tors or non- 1nhjbitors, accordlng to whether the child
was able to reduce his response latency on the motor inhib-
ition tasks by half when instructed to prqceed slowly. The
resulting matrix revealed that 10 of 14 reflective children
attaiﬁed the reduced level of iﬁhibition, while 9 of 12
impﬁleive Children did not'(x2 = 3.87,72 < .05). lit is of
interest to note that the.correlation between motor task
latencies for the normal speed and slow’ speed condltlons

(r ; .70, P < 01) 1nd1cates that the normally slow responding

subjects were best able to inhibit motor movement when



instructed to do so. These findings suggest the existence “
- of a general disposition to respOnd with' a similar tempo to_
both cognitive and motor tasks.

:

Meichenbaum and Goodman (1969 1971) have examined
the ooasibillty that motor behavior is related to conceptual
tempo through the medium of speech-for—self. ‘Baged on the
common observationnthat chiloren often talk to themselves,
Luria }1959, 1961) and Vygotsky (1962) have proposed'that
speech-for-self serves to orient and direct children's
behavior. A proposed eequence of development of this function -
involves three stages. The Chlld under two years of age
cannot use speech to direct his behavior. Durlng the’ second
stage, speech—for self regulates behavior to a limited deqree-
A child's speech has a motor component which helps initiate
motor behavior, but will ot inhibit it, regardless of the
semantic content of the speech. At this stage speechjhes
en impulsive function.- For example, despite the,inhibiting
semantic content of the verbalization, "don't push", the
child at this stage will push. During the third stage the
semantic content of the child's speech becomes dominant 'and
directs behavior. ' ‘

Meichenbaum and Goodman 11969) used both a.finger
tapping task and a motor depression task to assess the
relationship between conceptual tempo and the extent to Wthh
the semantic content of a child' 8 verbalizatlon controls his

behav1or. Specifically, it was hypothesized that chlldren

who failed to demonstrate the ability to verbally control
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‘their behav1or would respond 1mpu151vely on the MFF; while
~those subjects who demonstrated such an ability would respond
reflectively on this measure.. These investigators found that
: while the tapping behav1or of reflective and 1mpuls1ve sub-
jects did not differ significantly under a variety of overt
‘self instructions, the motor depression behav1or dida. Only,
: 49,percent of the impulsiye subjects-reachedithe criterion_({ K/S
g of 90 percent'correct responding to.thejcues initiatin;\the ‘ é
'vefbal commands "push"‘on "don't push" \ In contrast, - 95
’ perc ny of the reflective subjects met this criterion In
;addition, analysis of kymograph responses revealed that the
magnitude of the errors dommltted by the 1mpu131ve subjects
Wascsignlficantly greater than thatfof reflective subjects.
The greater number and magnitudewof errors committed by -
impulsive subjects“indicates that an impulsive conceptual
tempo may be related to Luria's suggestion that ‘for some
children self -speech has only an impu151ve initiating
function, rather‘than a directive or 1nh£bit1ng function.
Conceptual tempo has also been found to be related “
to interpersonal speech. Kagan (1965a) has reported that
reflectlve and impulsive children have been found to differ
in an lnterView 81tuat10n requiring them to answer an adult
questioner. The aveﬁage delay between the te§minatlon of
an- interviewer's question, that was designed to evoke
response uncertalnty, and the initiation of the subject's

response was computed. Correlations of this’ measure with

response time on the MFF were r= .30 for boys and r = .38
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Mfor girls (p's < .05).

< : P
) 5

Socioeconomic Status
The relationship between socioeconomic status (SES)
and reflection- lmpu151v Y has been lnvestlgated both within

and between Negro and Caué§ an rac1al groups The results

~of these studies suggest that hin bdtb cultures, impulsive
and reflective respozzéﬁﬁfte;g:‘to_be associatea with lower- .
and middle~class socioecopomic status respectively; while |
the differences.between'races'for this variéble suggests that
Negro subjeots tend to be more reflectiye than Caucasian
subjects. | |
\ Hess andlShioman (l965) report that Negro ohildren’
from a lower-class ‘background were s1gn1f1cantly more |
impulslve than were those from a middle~-class background,
and the same result was-truehfor samples of Negro mothers
from both social classes. |
fCoyle (1966) found significant differences in con-
oeptual tempo ‘between Negro and Caucasian subjects, and
between SES levels Qithin both racial,grosps. ;Negro children
‘showed longer MFF latencies’ana made fewer erro- . tha? did
-their Caucasian counterparts. ‘In addition,‘withln both
:recial groups extreme lower—class ohildren were sign4fﬂoantly
‘more impulsive than were middle-class children. X \
Schwebel‘(1966) has postulated tﬁat part ofvthe

1nfer10r 1anguage competence of lower class children is

attrlbutable to 1mpu181ve respondlng Lower- and mlddle;
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- class Caucasian boys were compared in terms'of,résponse
latency and errors on four verbal tasks: describing pictures,
recalling events of the day, completlng sentences, and:

.groupingvpbjectsband‘explaining such groupinés. Each of
the four tasks Qas administered under both free and forced
latency conditions. Schwebel found that, in general, middle-

: N
class subjects were superior to lower-class subjects in-

N

language competence. Middle-class children described more

~

ideas and events, used longer and better developed sentences,
gave more accurate and complete accounts, and grouped Ob]eCtS‘
moreﬁeffectlvely than did lower-clas: subjects. The lower-

_ v
class gub]ects were handlcapped by a tendency toward impuls-

ivity. They responded faster andumade more errors on each
of the four tasks than did the middle—class subjeéts. The
difference between free and forced latency conditions was
signlficant only for lower -class subjects whose performance
lmproved under the forced latency condition. Schwebel |

R contends that the improvement was a consequence of” forcing

) these children“to stop and think before responding. Lower-
class. children were typically so anxious to:get started that
they often replfed before the experimenter finished the
instructions;n These chlldren appeared to not llsten to the
dlrectlons and respond without con51der1ng the problem
stlmull. These-behav1ors were not generally characteris‘ic
of the middle—class,subjects. Further to Schﬁebel'sbcontention)
Eerman and Vileock (1971) have,notedlthat instrnction reading

‘time for a discrimination task was positively correlated with

o
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previous studies of social class differences on this -~

~support social
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response latency on the task (r = .55, p's_.Ol) and negatively

correlated w1th task errors (r = .47, P < .05). This obser-

vation suggests that part of the latency and error varlance’

that discrimlnates reflective from impulsive sub]ects may

be due to differential understanding of the instructions.
Zucker and Stricker'(l968) have investigated dlffer-

ences in conceptual tempo between lower—class, Negro, - and

middle-class, Caucasian, preschool children., In accord with

dimension, lower-class children responded faster and ma e
more errors on the MFF than did middle-class/ children.
Although any generalizations that are based on this study
are suspect due to the confoundlng of/thé/race and social

1
class varlab es, it is 1nterest1ng to ‘note that these results

lass differences in conceptual tempo even

when the soc" class variable is placed in OppOSltlon to

/.

the rac1al difference reported by Coyle (1966) .

Campbell (1968) has reported a 51gn1f1cant dlfference
between SES. levels and reflection- 1mpu151v1ty. Slxty—one
percent of the students ‘tested from a school 51tuated in the
lowest SES area of a city were cla531f1ed as 1mpu151ve

subjects. - In contrast, only eleven percent were classified

as reflective subjects.'

, Further support for thls SES dlfference comes fromr
the 1nvest1gatlon of Souch and LeFranc01s (197gLL,who employed

the Canadian Occupatlonal Scale (Bllshen, 19 7) to 1dent1fy

51gn1f1cantly dlfferent SES levels for two elementary schools.‘-

,‘<:
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These investigators found that impulsive  children were sig-
nificantly OVerrepresented in the low SES school, and
reflective children were Significantly overrepresented in -

the high SES school.

Hypotheses Generation and Evaluation

In Kagan's postulated theoretical explanation of
conceptual'tempo, it was noted that of the six processes‘
involved in problem solving, the two most germane to con—-v
Ceptual tempo are the generation and evaluation of. hypotheses
In an attempt to test deductions follow1ng from this postu-
lation, Kagan has investigated both processes in relation
'to the measures of conceptual tempo |

Kagan (1965Db) has shown that conceptual tempo
generalized to tasks which required the subject to generate
his own alternative hypotheses. Tachistoscopic presentations

of inklir -drawings depicting incongruous Scenes were Observed
by second- and third-grade children. The drawings were
exposed for increaSingly longer intervals Response latency
from the initial exposure to. the first Significant verbal—
’ization of a recognition hypotheSis was recorded and found

to be pOSitively correlated With response latency on the MFF
(r = .40, p < -01). This result suggests that the indiVidual
differences in conceptual tempo are conSistent for tasks '
which' require the subject to generate his own alternative
hypotheses and tasks in which the alternatives are supplied.

It was also found that verbal skills displayed a- moderately
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R positive\relation with tachistoscoplc'recognition time (r =
.33 for boys; r = .20 for girls). Kagan notesnthat.this
result is somewhat paradoxical. It is reasonable to’ expect
‘ that an exten91ve vocabulary would lead to rapid conceptual-~
ilzation of the amblguous stimulus and a rapld response;
whereas an inadequate vocabulary might be expected to inhibit
conceptuallzation and‘delay’the response.‘ On the contrary;
children of low verbal ability responded rapidly while those
‘ of average and high verbal ability responded more, slowly
At this point Kagan goes beyond the data to speculate in
terms of his proposed theoretlcal explanatlon.
"Since response latency in this 31tuatlon is regarded
as a partial index of degree of responge uncertainty,
it is ‘suggested that the. verbally proficient children
generated more response possibilities and, consequently -
required more time to select a final interpretation
(p. 157).
While this speculatlon supports Kagan 8 position, a more
ldlrect 1nvest1gatlon of hypothe51s generatlon in relatlon to
'response uncertainty is needed before any meanlngful general—
1zat10ns .can be made regarding the relatlonshlp between
‘hypothe31s generation and conceptual tempo.
Concernlng hypothe51s evaluatlon, Kagan, Pearson, and
. Welch (1966a) found that MFF response latency is p051t1vely
B correlated with the amount of tlme taken by a subject to sub-
jectively evaluate his performance on a battery of matchlng—
to—sample and 1nduct1ve reasonlng tests. An 1nterest1ng aside

is that for boys, longer decision times during self-evaluation

were predictive of more accurate evaluations of performance.

s

1
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However; in a specific inveStigation of the hypdthesis that
reflectlon 1mp5181vity is related to caution in decision-
making sltuations, Mann (19 3) found that while reflective
subjects took slgnlflcantly,longer to decide than did 1mpnlsive
subjects, the quallty of,perfcrmance on several decision- ‘
/ making tasks did not differ. Evidently, the analogue to MFF
) error d1d not generallze to these~dec1310n—mak1ng tasks.

' Denny 11973) has lnvestlgated the relatlcnshlp between
COnceptual teméc and the type of hypctheses employed by
children as indexed by their Yyuestions. Mosher and Hornsby
(1966) have demonstrated that etween the ages of six and
eleven years, the type of quest' ns ‘asked by children changes.
Specifically}'nsing a game simila to the parlcur game,

| Twenty Questions,‘these'investigatorsJhave-notedva shift from
hypothesis-seeking questions which test a specific‘selfe

.  sufficient hypothesis having no relationship wlth previous';
questlons (e.g., "Is it the saw?");: to constralnt—seeklng

”guestlons, whlch are more general in that they relate to

( prev1ous questlons and_are attempts to ellmlnate a number of_

‘falternatlve hypotheses w1th a 51ngle questlon (e.g., "Is it
~a tool’") Denny [ results 1nd1cated ‘that reflectlve
subjects used a 51gn1f1cantly greater. number of constralnt—
seeklng questions than dld 1mpuls1ve subjects | In addltlon,

. instructions to adopt either a reflectlve or 1mpulsive tempo
indicated that children who were initially reflective showed
greaterlresponsivéness to‘both reflective and impulSlve o

instructions than did children who were initially impulsive.
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In relation to the instructed tempo change: and the types
of questions asked, 1mpu151ve instructions resulted ih a
significant decrease in constraint-seeking questlons, while
reflective instructions did not appreciably lncrease the use

of this"strategy.

McKinney (1973) has "also noted a 51m11ar dlfference
in the hypothesis testlng strategies of impulsive and re— Q
flective children. On a problem-solv1ng task, reflectlve
subjects employed ncre efficient‘hypothesis testing strategies
than did impulsive subjects;. Specifically, reflective -sub-
jects tended to generate several alternative'hypotheses and
employ a focusing’strategy'that tested‘the‘significance of
broad céhceptual categories rather. than spec1f1c stlmulus

LN TEE

instances. Impulsive subjects attempted to solve the problem

B

~in a random, trlal-and-error manner, apparently without the

" aid of any abstract hypothesis.

Discrimination'Learnlgg

|  Hemry (1973) has found thac‘conceptual tempc'is
related to discrimination learning . Spec1f1cally, he re-
ported that under six dlfferent relnforcement condltlonsf
the dlscrlmlnatlon learnlng performance of reflectlve
‘subjects exceeded that of 1mpu151ve subjects. Thls result
is not surprlslng 1f one con51ders dlscrlmlnatlon learning
- is a major requlrement of . the\MFF What is surprlslng,

however, 1s the absence in the conceptual tempo literature

of the application of discrimination learning theory to
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conceptual tempo. it would'appeat that both.consttucts
mlght beneflt from such an appllcatlon. - |

If it is tenable that discrimlnatlon learning is
‘an essentiil part.of one's ability to correctly attribute -
life to animete objects; then further evidenoe on the.
relationship betweenlconceptual tempo and discrimination

learning comes from Berzonsky (1974). This investigation

has indicated that conceptual tempo is a sigrn ‘int process
variable affecting the development of animisti - king
in children. 1In terms of Piaget's postulation o i four

inverient stages involved in the ontogenetic evoluc. »: - f
‘conceptions of life, reflective children were si&n&ficht,v
: ) . ' 3

more animistio than were .impulsive children of the seﬁe
age. o | |

7

"Inductive Reaeoning

Additional ev1dence of the generality of conceptual
tempo comes from Kagan, Pearson, and Welch (1966a), who
found that inductive reasoning is 1nfluenced by conceptual
tempo. Reflectlve and 1mpu151ve chlldren were given two-‘
tests of 1nduct1ve reasoning;  for example, on one test, the
child was given three attrlbutes of. an object, and was asked
totguess what the object was. On both tests impulsive
hchilaren had signifioantiy shorter response latencies and
made significantly_ﬁo;e errors thanldid‘reflective'

vchi{dfen.
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Cognitive Style : | n/
Another area of conceptual‘tempo research 1is that;
‘concerned with determining the relationships between reflection-
impulsivity and other postulated dimensions of—cogn{tive
. style; such as, field-dependence—independence (Witkin, Dyk,
Faterson, Goodenough, & Karp, 1962), and‘locns of control
(Rotter, 1966). 1In general; the evidence bearing on these
relationships is contradictory; therefore, it is necessary
to'briefly review some of these contradictory results to
explain the current status of this area-of investigation. .’
In ‘the initial invesgtigation of reflectlon -impulsgivity

\(Kagan et al., 1964)-it was concluded that the data, "L '
indicate no stronc relation between field-independence and
reflection-impulsivity (p. 35)" -- though it should be noted
bthat Kaganret al., do report a signiflcant negatlve correl-
ation between‘analytic respondlng and Embedded Flgures_Test~
(EFT) (Witkin et al.; 1962)'errors.‘ Since that time; several
investigations have yielded contrary evidence. Mumbauer and
Miller (1970) have found that for a sample of . preschool
—chlldren, performance on the MFF was p051t1vely correlated
with performance on a conventlonal measureaof field- : '
dependence 1ndependence, the Chlldren s Embedded Flgures

Test (EFT) (Karp & Konstadt, 1963), for both the latency

(r = .56) and error (r = .43) varlables. In addltlon,
51gn1f1cant negative correlatlons between response latency
“and error were reported for both measures. These results

repllcate the 51gn1f1cant MFF- CEFT correlatlons reported by

r
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Stevens (1967), and lend Support to his argument that the
two tests measure the same response dlmensiOn ‘Still further
support for this argument comes from Massari and Massari
(1973) for a sample of preschool children measured with the
Early Childhood Matching Familiar Figures Test (EC- MFF) and
the Early Childhood Embedded Figures Test (EC ~EFT) -- both v
developed by Banta (1970). Errors on the EC MFﬁ and accuracy
~on the EC- ~EFT were significantly correlated for both males
(r = ~-.45, P < .01) and females (r = -.4s, P < .01); and
80 were response latenc1es .on the two measures (r's = .39
‘and 46, p's < .01 for males and females, respectively.
’However, while the.correlations between latency and error
were negative and significant for both sexes on - the EC- MFF
(r's = -.69 and - .50, p's < .Ol) for males and females,
respectively) this relationship was positive and not sig-
nificant for the EC-EFT. This result'is at varlance with
that reported above for the Mumbauer and Miller - (1970)
'investigation.v It seems likely that this difference may be
due to the dlfferent measures -used to test both conceptual
tempo and field- dependence 1ndependence Finally on this
subject, Massari- (1975), u51ng samples of first and thlrd
grade children has reported that for both male and female
‘ subjects, reflective subjects were more field-independent
than were impulsive subjectg (F = 4.79, daf = 1/72 P < .05).
Taken together, these results suggest that the MFF and EFT |
'do in part measure the same dimension. But, to 1nfer from

this that conceptual ‘temp is related to field-dependence—
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independence seems premature. Until a_ similar relationship v
ls demonstrated with the original meesure of ieldeependence—
independence, the Rod'and Ftame'Test (Witkiﬂ/:t al. l962),
the Kagan et al. (1964) p051t10n noted above cannot'be
dismissed. ' : ‘ (

With regnrd to Rotter's locus of control construct,

i.e., the deg O which one believes he is responsible’ for
or . causes events :internAl control) which affect him rather
than‘attributing these events to' fate or chance. (external
'control), this dlmen51on has not been found to be 51gn1f1c—‘
Vantly related to conceptual tempo in emotionally disturbed
chlldren (Flnch Nelson III, Montgomery, & Stein, 1974) or
inner city black children (Massari,-1975) Ho;ever, for a
similar construct, Montgomery and Flnch (1975) have shown
that cognltlve style is related to the loqus of c0nf11ct in
1nterpersonal relatlons in emotlonally disturbed children.
The locus of confllct (Armentrout, 1971) is concerned with
the child's mode of 1mpulse modulatlon. invsome'childten'
lmpulses are 1nternallzed and the resultlng conflict is
between 1mpulses and thelr inhibitions. 1In other children
the 1mpulses are freely vented or externallzed and tr
conflict is between the behavior of the child andAthe re-
actions of others affectedvby the behaQiof{ Montgomery "and
Finch found that children wlth an impuleiwe cognitive style
were 51gn1f1cant1y more external in the1r locus of conflict,

whlle reflectlve chlldren were 81gn1f1cantly more 1nternal

1nﬂthe1r locus of confllct.
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Attention
Several studies have indicated that the.duration and
pattern of attention distribution during task performance is
related to_the‘reflection-impulsivity dimension. Both
Siegelman (1966, 1969) and Nelson (1968) have administered
the MFF;in an apparatus that.required subjects to press
manipulada to view the standard stimulus and each of the-

alternatives. The resulting instrumental responses indicated

S - -
that in'contrast to impulsive subjects, reflective subjects

had a longer average duratlon of v1ew1ng both the standard
and its varlants, and tended to view: most of the alternatlve'
stimuli prior to responding. Impulsive subjects typical}y
responded after viewing only one or two of the alternatives.
In addition, both investigators found that refleotive sub-
jects spent-prooortionately\less time attending to the
standard stimulus and proportlonally more tlme looklng at'
the alternatlves than did impulsive subjects |
Siegelman (1969) has clearly demonstrated tnat the
observing behavior'of reflective and impulsive subjects
differs during MFF performance. ~She found that 1mpulsxve
subjects spent proportlonately more time v1ew1ng the standard
stimulus, the most observed alternative, and the finally
chosen alternatlve, than did reflectlve subjects.. Furthermore,
1mpuls£ve subjects 1gnored two ‘and one-half tlmes as many
alternatlves per 1tem s did reflective subjects (2.83 vs-

1.11, p < .001) Slegelman S results 1ndlcate that the

observ1ng behav1or of reflectlve and 1mpu151ve subjects
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differed not only quantitatively, as indicated by differences
in total observing response time, but also qualitatively,
as indicated by differences in patterns of attentlon deploy—‘
ment. Impulsive sub]ects limited their attention to” the
standard and a few alternatives, and largely ignored the
rest of the array Reflective subjects, on the other hand,
v1ewed a signlficantly greater number of stimuli in the array,
and dlstrlbuted their attentlon homogeneously among all
members of the array. Reflective subjects also allotted
proportionately less time to the standard'than did impulsive
subjects. Taken together, these differences suggest: that
‘different search strategles are used by reflective and »&s
impulsive subjects. Reflective subjects appear to search
for differences between alternatives, éhen check these against
the standard. fIn contrast, 1mpulslve subjects appear to
make quick global comparlsons between the standard and a few
of the alternatives, then Sselect that alternative that does
not‘appear to differ from the standard, regardless of whether
the two do not actually differ, or an existing difference
was not noticed. Indeed, as the literature review for.
Experiment Three suggested, these subjects may not know what
'type of alternatives to look for.

¢ Thege apparent differences in‘observing strategies
have led Siegelman to Suggest that long response tlyes may
be a necessary but not sufficient condltlon for\reflectlve
»respondlng.‘ In terms of response style modification,

Siege: ‘n's results Suggest' that training in attention
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deployment strategies may beAa more ecrective modificatlon
treatment than resoonse delaj manipulation. The critical'
, difference between reflective and impulsive responding may
not be the length of the response .interval; rather, it may
be the activity ' .at takes place‘during that lnterval.
! In the most extensive investigation of the role of
attention in reflection4impuESivity'reported to date, Drake
(1968, 1970) used a MackWOrth eye marker camera to record
the number, latency, and distribution of eye fixagfons to

o

parts of the MFF stimuli in a sample of eighteen third- grade

—

children and 81xteen college students.  She found that re-
flective and impulsive subjects showed different patterns of
visual behav10r both wlthln ana between age*groups Con-
'cerning‘attention given to,thé‘standard stimulc . for the
first six seconds of the MFF task reflectiVe children and
1mpulsxve adults attended to the standard con51derably longer
than did elther 1mpu181ve children orf reflectlve adults.

' By the last four seconds of the task, attention to the
standard did not dlffer significantly among the. four groups
7Concern1ng the”dlstrlbutlon of attention among the varlants
of“kne standard)vprior to responding reflective.subjects ; ¢

lgflxated each variant longer, scanned more varlants, covered

more details- 1n each varlant, and made a greater number, of

homologous comparlsa" than’ did. 1mpulslve subjects of the

same age. Concernlng age dlfferences, the adults covered

9

larger areas of the stlmulus fleld and had higher flxatlon

den31t1es per un1t rea of the stimuli than did the chlldren,_
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for both total performance and‘anytconstant interval of

time. In general, impulsiye childreh differed from reflective
adults; and both these groups differed from reflective

children ah~ fmpulsive'adults, who had nearly,identical mean
response times and performed similarly on ail'qualitative |

' measures of taek,behavior when age-related differences.;n
response time were accounted for. Apparently reflective
subjects attend more.carefully to stimuli before they respond
than do impulsive subjeéts,.and this molar attending behavior .
is congruent with their:response'times'and error ecores.

According to Drake, her results'ihdicate that
approaches to‘the MFF_taskvdiffer as functiehe of both con-
ceptual tempo and age., Reflective subjeets gathered more
information aboﬁt the stimuli and gathered that~informatien
more carefully prlor to respondlng than did impulsive sub-
jects., Impu181ve subjects were prepared to .risk a decision
"on a limited ‘amount of stimulus 1nformat10n and were less
concerned with evaluatlon of that information. Furthermore,
.the,age comparlsons for constant units of time indicated that
the efficiency, relevance, ahd/or speed of execution ef sohe
parts of the problem—solv1ng proCess increased with age.

Drake (1970) has postulated that three dlfferent
general task strategies may‘account for the subjects' tempe
and age.differences. _The impulsi?eachild appeared to be
intent“on quickly finding the_variant that'aas the same as

the standard:
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- "He made very fedrdetalled comparlsons across
- figures..., and accepted as 'correct' a variant
for which he, duﬁung a relatively brief period of
global scanning, ‘did not notice a difference from
the standard, regardless of whether or not other
variants did, or might if similarly scanned, look,
equally the same. There was no felt need to look-
at all the variants before offering an answer.
(Drake, 1970, P 211).
"The similar results for reflective children and impulsive
‘adults suggest that they‘employed a more complex strategy.
They seemed to recode the experlmenter [} dlrectlons 1nto
either one or both of two rules. The flrst rule directs the
sub]ect to search for dlfferences between the standard and
- the varlants, and select a varlant 1f dlfferences between
it and the standard cannot. be found. The second, and more
effectlve rule, directs the subject to search for dlfferenCes
between the standard and the variants and systematlcally
ellmlnate deviant varlants until only one variant remains,
i.e., the matching varlant. Since tne'fesults‘indicated
that neither reflective/*ﬁ‘ldren nor impulsive adults always
viewed:-all the varlants, it appears that many of these sub-
jects employed the flrst rather than the second rule
Reflective adults,. however,'appeared to precisely apply only
 the second rule,'and inhiblt responding until the search
for»differences in all variants was completed
' Drake has also noted that addltlonal support for
) these postulated strategy dlfferences comes from a comparlson
of her results w1th those obtalned by Siegelman (1966 .

‘When presented w1th four alternatlve stlmull, reflective

chlldren v1ew an average of 3:30 alternatlves while the
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corresponding figure for impulsive children was 3.20 (Drake,,

1970). When six alternatives were presented these averages

-

: were 4.89 for reflective children, but only 3. 17 for impuls-

.ive children (Siegelman, l966). Apparently, the viewing
e

behavior of impulsive ‘children was not related to the njmber—’/
l i 1 is :

of alternative stimuli. Drake argues that this result
‘consonant with the difﬁerent task strategies postulated for
.impulsive and reflective children.~ If an impulsive child

is hurriedly searching for a variant that globally represents
the . standard, then he may never need: to scan more than a few
variants to find a ' match" regardless of the number of -
alternZtives available.‘ In contrast, if a reflective child
seeks . to identify discrepant stimulus atpributes in the
variants until he has systematically elimanated all but the

matching stimulus, then the number of variants scanned would\

be a monotonically increasing function o the number of

available alternatives Undoubtedly, his ostulated explan-
ation has p01nted 1mplications for fu

Y

trer-research .
Another approach to the attention question is that

'of Zelniker, Jeffrey, Ault, and Parsons (1972) These inves-
tigators tested the hypothe51s suggested by Kagan et al |
,;(1963) that poor MFF performance might be a function of an
1nab111ty to sustain attention for long periods of time,

thus resulting in a shortened search for attribute differences
prior to responding. Zelniker et al. employed an ihdependent

measufe of attention span outllned by Grim (1967) ThlS

.measure tests reaction time w1th -a variable interval between
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' slower than were those of reflective subjects.
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a ready signal and stimulus onset.. It was found that when
preparatory'intervals did not exceed the average MFF response
latency of impulsive-subjects (18 seconds) there was no ‘
significantrdifference‘petseen‘the.reaction times of im-~
pulsive and reflective subjects. ‘However, when the preparatory
intertals exceédeddthe average latency of impulsive subjects;
the'reaction times of theseusubjects were significantly .
Still another approach that accounts for individual
differences in,conceptual,tempo iS'one employing the.jolnt

constructs of sélECt;ve'attention and incidental learning.
‘ it :

'\ggﬂsfng a task that included measures of central and incidental

N

" learning, Weiner and Berzonsky (1975) noted that beginning

in-the sixth grade_reflectiJ; subjects displayed more central
learning and less incidental learning than d1d 1mpu181ve
subjects. Apparently, at th1s stage Qfldevelopment reflective
subjectsfwere beglnning to employ a selectiée strategy é?
focusing attention,upon relevant attributes that were |
critical for central,learnlng and ignoring irrelevant\w“trib;
utes that contributed to incidental learning. Impu181ve ih
subjects, in contrast demonstrated an equal amount of '
central_andvlncldental learning which suggested that no

strategy of selective'attention'deployment'was occurring.

Weiner and Berzonsky have attempted to explaln this dlscrep—

‘ancy in terms of a two-stage model of selective attentlon

proposed by Hagen (1972) The flrst stage requlres the

1dent1f1catlon of both relevant and 1nc1dental cues. The
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second stage involyes-focusing upon the relevant cues and
,ignoring the incidental cues. Weiner and Berzonsky suggest
that impulsive children have trouble attending selectively |
due to a problem in stage one‘with distinguishing relevant
from irrelevant.cues.h As,a result, impulsive children attempt
to remember all cues. This non- -selective strategy produces
equivalent degrees of central and incidental hearning, but
:the level of central learning is significantly less than

lthat of reflective subjects.. AR - - ;

The result that individual differences 1n attention
paralleled differences in reflection-lmpulsiv1ty is the first
hint‘toward an empirical explanation:of the dynamics of
u reflection—impulsiv1ty in terms other than the dual criteria
of response latency and error.- However, as is the'case with

any set of correlates, shifting attention from one correlate “\

to the other does. not explain the indiVidual differences J “;/

-

that underlie the correlates. In thlB case ‘the 1ogical
question that arises is, what is the cause of the 1nd1v1dual
differences in attention that result in response latency and
error differences° What is encouraging about the attention
results 1s that they prov1de another and p0531bly a more
useful 1ndex of the: 1ndiV1dual differences that result 1n
behav1or presently classified as impulsive and reflective.

~

Moral Judgement and Creativity

In addition to the better establiished relationships

" noted above, there are two unreplicated investigations that
. Q . : o
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indicate that conceptual tempo is related to such diverse
behaviors as moral judgement and creatiVity Schliefer and
Douglas (1973) have reported that conceptual tempo is related
to the moral maturity of children. For both preschool andﬁm
first-grade samples, immature moral judgements were assOCiated
with an impulsive conceptual tempo. This result is con-
sonant with .the argument that a major difference between
tempos is the number of alternatives considered prior to
responding " In a moral development context the lower level

T

judgement of morality in terms of a single criterion, con-
o
_8equence, generally conforms with the single. hypotheSis
response of the impulsive Chll&~ Similarly, the higher
level moral judgement in terms of two criteria, consequence
and intention, is in agreement with the reflective .child's
postulated tendency to consider several alternatives prior
Lto'responding. - |
Another novel relationship that has recently been
demonstrated .is between conceptual tempo and creatiVity -
Fuqua, Bartsch and Phye (1975) have found that reflective’
subjects sScore Significantly higher than do impuISive sub—
Jects on the picture. completion task of The Torrance Tests
- Of Creative Thinking. This result»'is of course sub]ect to
replication, but if it proves to be a reliable observation |
h it will be interesting in: that it contradicts a popular.

conception of creative indiViduals as rather rapid thinking,;

free- wheeling indiViduals - ‘ ’ ‘K.
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In general, the answer to the question with which
the discussion of this review- began, would be that reflect;on—.
1mpu131v1ty is deflnltely related to establlshed constructs
/fvln psychology and is not spec1fic to the four tasks used

to operationallze the postulated construct.
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Ml‘lM()R!Al UNIVERSITY OF NPWl‘OUNDl AND
St. John's, NewloundLind, Canada  A1C HS7

Department of Lducational Psychology

Guidance and Counselling Telex: 016-4101

Telephone: (709) 753-1200

February 26, 1975 .
o

Dear Pareht,

‘I.would like to request permission to ask your child to participate in
an educational research study. The experiment is concerned with conceptual Lo
tempo, the rate at which one makes intellectual decisions. ‘The purpose of the
study 1s to examine the validity of conceptual tempo, and test the: efficacy of
a proposed method of instruction that is designed fo improve the student's ability
to make accurate intellectual decisions. The study will involve four or five
experimental tasks administered to grade five students during the moﬂths of
March and April 1975. The total time required will be approximately two hours.
Information gathered from the study will be made available to the school
principal so that it may be used to benefit pa icipants in the study. In
addition, a copy of the final results will be @;de available to you at the
school when the study is completed. : ’

Thank you for your attention.

Sincerely yours,

"Bryan Hartmann
Assistant Professor.

Permission Granted

Permission Refused , . ‘ . . i

Signature
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MEMORIAL .UNIVERSITY OF NEWFOUNDLAND
St. John's, Newfoundland, Canada A1C 587

Department of Lducational Psychology - . » 0 Telex: 016—4101‘

Guidance and Counsclling . . Telephone: (709) 753.1200.

Student 's Name

l ] Permission Refused

April 4, 1975

: \
Dear Parent:

[ would like to request permission to ask your

[

- child to participate in an educational psychology

research study. The research 1s concerned with attempting
to determine a method of /instruction that will improve a
student's ability to select a correct answer from a set-

of alternative answers.

The study will be conducted at the school during

" school hours and will congist of two individual sessions

of approximately ten minutes duration. Information from-

the study will be made available to Mr. Lee so that it

may be used to benefit participants in the study. 1In _ ‘

addition, a copy of the final results will be made available . o
& . .

to you at the school when the study is completed.

Thank you for your attention.
Sincerely yours,

'B. D. Hartmann
Assistant Professor

L:::l Permiséion Grantéd

!

Parent's Signature
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APPENDIX C

MFF INSTRUCTIONS AND A SAMPLE TEST ITEM
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DIRECTIONS FOR MATCHING FAMILIAR FIGURES

"I am going to show you a picture of eomethiné\xou
kth and then some pictcres that look like it. 'You will\have
to téil me the number:of'the picture on'this“bottom'page'
(point) that isvjcst like the picture on this top page
(point). Now, let's do some for practice." Experimenter
shows practice items and helps the child to find the correct
answer. "Now we are- going to do some that are a little bit
harder.‘ You, will see a picture on top and s8ix plctures on -
the bottom. Find the one picture below that is just llke
the picture on topland tell me what.nqmber it is."

The experimenter will .record latency to first response
to the half-second, total number of errors for each item and
the order in which the errors are made; If the subject is
~correct, ~-perimenter will praise. If wrong, experimenter
will say, No. that is not the right one. Find the one that
is just like the top one." Continue to code responses (not
timee) until child makes a ﬁaximum of six errore or gets the
item correct If 1ncorrect, experimenter will tell the child
the correct number.‘ | o

It is necessary to have e stand to place the test

L

booklet on so that both the stimulus and the alternatives
are clearly ViSible to the subject at the same time. The
two pages should be practically at right angles to one another.

‘Note: It is de91rable to enclose each page in clear plastic

in order to keep the pages clean.
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TABLE 1
Scheffe Multiple Comparisons of MFF

Response Latenciesl

o ' L Tempo
‘Tempo . FI. S1 FA - sal
Mean .  86.63  152.38 87.26  200.49
. _ ) | _
FI ~ 86.63-  -65.75%kkk . .63 ~113.86%%xx
ST 152.38 ) 65.12%kkk 48, 1 kkkx
FA 87.26 ‘ O S113.23kA
sA 200.49 | 0
; * E.< 10 )
*k B:< 05 -
'_*** P < .01

‘ ****.2 < .001



TABLE 2

Séheffe Multiple Comparisons of MFF

Response Errors

239.

A Tempo
Tempo FI ST . FA SA
X 13.27  10.83 6.17 4.36
FI_ " 13.27 2.44%Kk 7. 10%Kkk - g g]kkn
ST 10.83 4. 66kRRR 6. 47 Hhk
FA 6.17 1.81%
SA 4.36
™,
*p < .10 *
** P < .05
*k% p < 01 Kb
*hkk P_k .001

5o



TABLE 3
Simple Effects Analysis of Variance of Verbal 1IQ

Means of Male Subjects

 240.

Source - : SS . dfE E‘

ss df F P
Tempo o 93.3 37T a0 1.6l 19,

Error 17137.69 88 194.75
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TABLE 4 o A
Simple Effects Analysis of Variance and Scheffe
Multiple Comparisons of Compasite IQ

Means of Female Subjects

Analysis of Variance

‘Source Ss . df | Ms F : P
Tempo  £1200.13 3 400,04 . 2.90 . 040
Error . 10892.94 ¢ 79 137.89
Scheffe Mulvtiple Comparisons )
. ) .‘.K » .
Tempo - FI SI : FA SA
X 106.45 98.23 109.80  100.73
' FI 106.45 S0 ® -g.227 3.35 - -5.73"
s1 98.23 - | 0 .. 1157 2.4
FA © 109.80 A 0 -9.08
sa . 100.73 . i B 0

*."*P_<.1o

-y

_** p < 05

k% p < 0]
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/ . TABLE 5
Simple)Effects Analysis of Variance of
Comp site IQ Means of Male Subjects
Source. ' gg / df - oMs F P
Tempo 4 820.00 3 . 273,33 1.56 .20

"Error 15413.90 ’ 88 ) 175.15
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j
1
AN

N | TABLE 6

'\ Simple Effects Analysis of Variance and Scheffe Multiple

\ _ . ,
\ *Comparisons of Composite tQ Means of Female Subjects
' \,
Analysis.\,c of Variance
Source : SS df MS . 'F : P
- . — — il o
L4 \'\ ; . 3 : ) .
. Tempo 1254.94 3 41831 3.36 .023
Error 10892. 84 79 -137.89
_ Scheffe Multiple. Compariéons ‘
Tempo FI B ST ~ FA SA
X 109.80 - 103.38 ° 116.80 - 106.13 .
" FI = 109.80 0 6.42 /.00 3.68
SI 103.38 ' 0 - 13.42%% . 274
FA 116.80 - 0 . -10.68*
SA 1106.13 o . | o T 0
*p < .10
x* p < .05 )

o dkk R < .01
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'SAMPLE ITEMS FROM THE CTT
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FIG. 1. Low Difficulty CTT Test Item

~ (Three Feature Differences) ~



FIG. 2. Medium Difficulty CTT Test Item

(two feature differences)

246.
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High Difficulty CTT Test Item

3.

' FIG.

~ (One Feature Difference)
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FOR EXPERIMENT TwO



TABLE 1

Newman-Keuls Multiple Comparisons of -

CIT Latency Means of Four

nceptual Tempo Conditions

" 249,

| -/ A
TEMPO ©FI A ST sA
. ) { .
X 108.45 118.8z) - 211.73 227.64
FI - 108.45 0 - 10.37  103.28%*%  1]19.19%%
" FA 118.82 C0. . 92,91%%  108.82%%
| - X ,
ST 21173 . N0 15.91
SA 227.64 0
LN
Note. The Multiplier = MS error/n = 1608.05/11 = 12.09 -
*p < .05

**E < .Ol
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(%)
.{ ]
TABLE 2
Newman-l(euls Multiple Comparisons of )
v CTT Latency Means for Three Le;vels
of Problem Difficulty
DIFFICULFY. LD MD HD
X 41.25 58.07 67.34
LD 41.25, o 16.82%% " 26.09%%
MD . 58.07 - 0 9.27+
HD' 67.34 T Lo
Note., The'Mulcipljfer = M5 error/n = 342.52/44 =-'2.78 .
wp < .05 - " . o _
**p. < 01 3 ’
. . '
/ T ) b . b
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TABLE 3
Simple Effects ANOVA and Newman-Keuls Multiple
o , Lo ‘
o Comparisons of Conceptual Tempo Respopse
Létencies for Low Difficulty CTT Problems
Q
- Analysis of Variance
Source 5§ df . M F P
Tempo - ) '.3938.38 : 3 1646.13 -11.25 .0001_»
Error = 5853.88 . 40 146.35 .
Newman-Keuls Multiple Comparisons
Tempo = S FI F4' ) o sI N SA
X o 30.36 31.00 50.82-—/)  52.82

FI . 30.36 o .64 20 46%% 22.46%%
FA ' 31.00 - 0 19.82%% 21.82%*
ST '50.82 o« -0 - 2,00
SA . 52.82 R
Note. The Miltiplier is MS error/n = 146.35/11 % 3.65

o tp <05 ]

R ok < 01 \ ) ’- .
{ : : i o Q .
v"‘ ;t » . v - ~ 7
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t \7)’}

. TABL: 4
Simple Effecfs,ANOVA and Newman-Keuls
. Multiple Comparisons of Conceptual
Tempo Response Latencies :or »
Medium Difficulty CTT Problems
Analysis of VarYance .
Sowrcé . 88 df - ms F e
'. - B ) | . / ' B .
Tempo, . 15171.75 3 5057.25 ¢ 11.72 .0001
- Brror ‘17261.0§>' 40 431.53 | e
g ‘ ' )
Newman-Keuls Multiple Comparisons
~ . R , -~ Y
Tempo - - “FI . FA st - sa
X 38.55 41,82 69.09 82.82
FI S 38.55 00 ¥ 327 30.54% b4 27%%
FA  41.82 | ! .0 27.27%% - 41.00%*
ST . . 69.09 Lo 0 13.73
sA 82.82 . . | e
"Note. The Multiplier is - MS error/N = 431.53/n = 6.26
. . : ' . Ty
A.*‘R'( ,1Q
**% p <05 ‘



TABLE 5

of- Con | a1l Tecupo Response Latencies for

Hiet oifficulty CTT Problems

Simple Effects ANOVA &£nd Newman-Keuls Multiple Cepmparisons

253.

Analysis of Variance
N ! |
Source ss as s F 3
Tempo. 26787.50 . 3 ° 8929.16 5.21 .01
‘ / o 5.21
Error , 68608.44 " 40 1715.21
) . \
Newman-Keuld.Multiple Comparisons. , '
Tempo . FI ‘ FA SI SA
X 39.55 46.00 91.83 92.00
FI 39.55 0 ks 52,27 | 52.45%
, T b R i
FA 46.00 S 0 45, 82% 46.00%
- 81 91.82 T .18
" sA 92.00 | | 0-
Note. The Multiplier MS error/n = 1715.21/n = 12.49 )

'9'*,R_< .05

** p < .01

o,



Simple Effects ANOVA of Mean Difficulty Level |

‘' TABLE 6

Response Latencies of FI Subjecté

254,

o}

Source - 8s df Ms RI
,Between People 8632.25 10 863.22.
‘Within People 2786.00 22 126,64 .. -
Treatment:s 558.25 2 279,12 2.51 11
Residual - 2227.75 20- 111.39
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TABLE 7

Simple Effécts ANOVA and Newman-Keuls Multiple

Comparisons of Mean Difficulty Level Response

Latencies of FA Subjects

255.

Analysis of Variance

Source o Ss df MS }E' P
Betweep People 10 529.92
Within People © 3406.67. 22 154.85
' Treatments 1318.24 2 bss.12 6.31 .01
Residual. 2088.43 © 20 104.42
‘Néwman-Keuls,Multiplé Coﬁparisons
Difficulty D - MD HD
X 31.00 41.81 " 46.00
LD . 31.00 0 10.81% -~ . - 15 00%%
o . 41.81 0 4,19 ©
HD . 46.00 0
e
- Note. The Multiplier = MS residual/n = 104.42/11 = 3.08
*p<l0s e
b E:§ .01 - i’ , -
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! TABLE 8

Simple Effect\s ANOVA and Newmati-Keuls Mdltiple

Comparisons of Mean Difficulty Level

Response Latencies of SI Subjects

256.

\

|
Analysis of. Variap%é

‘Source ss df - MS F P
Between People 35980.06 ‘10 3598.01 Q
Within People 23078.00 22 1049.00° :
Treatments 9281.88 . 2 4640.94 6.73 . .01
Residual 13796.13 20 689.81
Newman-Keuls 'Multi#le Comparisonaéf‘?. ‘

- . "KKTQ{O'
Difficulty Lp 'MD " @D ¢ -
; / X 50.82 69.09 © 91.82

LD - | 50.82 0 .00%*
MD | 69.09 22,73 .5
HD ' 91.82
Note. The Multip/lier = MS Residual/n =.7689.81/11 = 7.92

*p< .05 - - /

" p < .01

B

&
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TABLE 9

Simple Effects ANOVA and Newman-Keuls Multiple

Comparisons of Mean Difficulty Level Response

Lateﬁcigs of SA Subjects

RY]

257.

Analysis of Variance

92,00

Source S8 daf MsS F P
Between People 14410.19 10 1441.02
| Within People 18527.38 22 - 842.15 |
Treatments 9238.25 2 4619.13 -v"9.95  .001
 Residual 9289:13° 20 - 4sh.46
Newman~Keuls Multiple Comparisons
Difficulty LD MD . - HD -
X 52.82 . © 82.82 92.00 -
LD 52.82 0 30.00%% ¢ 39.18%%
MD 82.82 o - 9.18
0 o

Note. The Multiplier == MS Residual/n = 464.46/11 = 6.50

* R <.05

5«*'3 <".01

~



TABLE 10
Newman-Keuls Multiple Comparisons

of CIT Er;orfMeans for Four

Cpnceptuél Tempod .
Tempo i SAsI FA FI
X 6.27  9.27 12.91 - 13.09
SA 6.27 0 . 3.00% 6.64kk g gak
ST 9.27 0 3.4k 3.6.k
FA 12.91 0 .18
13.09" 0 "

FI -

~ Note. The Multiplier = MS'subjects within groups/n . = 7.07/n = .80

*p < .05

*k p < .01; 
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TABLE 11
Newman-Keuls Multiple Comparisons of CTT Error
Means for Three Levels of
) Problem Diff}iculty

Difficulty - LD M . WD

_ . , K

X 1.59  4.05 4.75 o
LD | 1.59 - o 2.46%k 3, 16%n
MD 405 | - . .70
HD T 475 - ' o

Note. The Multiplier = MS Residual/n = 4.348/44 = .32
et . A R :
* p < .05 A , :

x% p< 01
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TABLE 12
Newman-Keuls Multiple Comparisons of CTT
Error Means for Three Levels of

Problem Difficulcy

Difficulty | LD . MD . HD
X 1.59 . 4.04 L blTS
LD ‘ ©1.59 S0 2. 45%% 3.16%%
MD ) 4.04 o . .71
HD B 4.75 SR "o
‘Note. The Multiplier = MS error/n = 4.35/44 = .30
*p < .05 . o

: *'*R< _01



P L

" Newman-Keuls Mult%ple Comparigohs

Difficulty S LD MD HD

X '~ 51.82 " 75.95 91.91
LD - 51.82 0 24.13%% 40.09%x
MD 75.95 o 0 15.96%
HD ) 91.91° B : 0

: - |

Note. The Multiplier = MS error/n = 563.80/22 = 5.06
* E_< .05

: **12 < .01

261.
TABLE 13
Simple Effects ANOVA and Newman-Keuls Multiple Comparisons
of Response Latencies-of Slow Subjects for
Three Levels of Problem Difficulty

Source ss af Ms E P

‘Between People - 5084.25 21 2421.63
 Within People 41605.38 44 945,58
 Treatments 17925.56 . 2 8962.78 15.90 °  .00001

Residual 23679.81 42 < 3.80

Total ,$84 92459.63 65
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TABLE 14
Simple Effects A*OVA and Newman-Keuls Multiple Comparisons

of Response Latencies of Fast Subjects for -

Three Levels of Problevaifficulty>

Source _ ss df CoMs F P

ss af s B
Be tween People 164128.38 21 672.

Within People . - 6192.69 W 14

Treatments 1783.13 - 2 891.56 8.49. .0008
Residual 4409.56 . 42 104,99

Total - 20321.06 65

Newman-Keuls Multiple Comparisons

Difficulty - LD MD . HD

X 30.68. 40,18 - 42.77
LD ~ 30.68 0 9.50%% 12.09%%
MD 40.18 _ .0 2.59

“Hp o 42.77 1 ' - 0

-

Note. The Multiplier = MS error/n = 104.99/22 = 2.18 L
*,E:< .05

*% p < .01



APPENDIX G

A SAMPLE ITEM-FROMATHE_CONCEPTUAL TEMPO

ALTERNATIVE INSTRUCTION TASK

263.
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TABLE 1
)

Chronoclogical Age Means énd Standard Deviatio

(4]

%y
of Alternative Instruction Subjects :

'. ” 3}‘

4

! TEMPO
Sex . LTI S ..a EAL T SA Total
‘,( . N T.,‘w':‘f%] - . A o BN
s e 35 TR g © 31 93

121.06 12286  »123.85 _ 126.90 l/é3.6?,'§“

Ea)

st 632 dm6.ggr 5.35 0 5.20 | . 10.83
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- > . 24 ~13» | ed2 U4 s
- X- ,121.38 121.62  "123.83 yw, 122.44 122.23 -
Female o e ' : L ) L . - -
Ceefie 0 ©8 A 40,05, 7,25, .7.40° 7.35 - 4 7.97 .-
IS 2
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N 59 fﬂ BTN 27 - 188

o & LT . o
. L 121.22 122.24 / 124.67 “ 127. 94
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- TABLE 2

Cupats

of Alternative Instruction Subjects’.

Aak

.‘::u.

Analysis‘of Variance of Mean Chronological,Ages (Months)
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3., 140.00
1 69.00

3 71.33

180 90.64
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TABLE 3
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MFF Response Latency Means and Standard Deviations

of Alternative Instruction Subjects

. ! TEMPO
Sex FI SI FA SA Total X
) =
N 35. el 13 31 93
X 78.03., 156.07  98.23  208.67  135.25
Male A o ’ ' ‘ ' : .
5 , .S 2%83 - #8168 19.56 . 63.0
2 ..ﬁ. )“ - , . | - R ‘ -
o N 24 13 12 46
o 3 82.21  146.15 95.75 - 210.13 133.56 -
Female . . _ o :
'S 19.41 34.22 14,497 - 1 63.40 52,61
Y 4 N A o ’ . ’
a SO 5 -
N 59 27 .25, 77 188 .
P : 3)“ 80.12 - '151.11 96.99 209.40  134.41 -~
~7 Total S " . : e
S 33.06 43.61 17.00 62.95 . "73.53
7 - . ! T
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TABLE 4

Multiple Comparisons of MFF

Respohqe Laténcy Means

Analysis of Variance and Scheffe
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v 5;)

***f;g~<';oo;

Analysis of Variance o @
Source ' ss daf Ms “F P S
A Tempo  605529.00. 3 201843.00  94.43 .000001 * F%
B. Sex 106.00 “kr T 106.00. 05, sg
L el o .
A xB % 986, 00 3 328.67 a5 .93
S R M ,
Error 384764.00 . © 180 2137.58
5% . - Al
. . vl N o
Scheffe*Multiple' e , g '
; B C e o ; ’
+ Tempo  GE .. FA SA ;
, i g E i
. X 80.12 151.11 196.99: - 20940
FI  80.12 0 ~70.99%%kx 10 g7 2129, 29%hkx
ST 151.11 K T T T ~58.29%%k% o
FA  96.99 o0 ~112. 41 %kkk -~ \§'
SA 209.40 . ‘ -0 :
 kp < .10 =
SR * .10 S )
** p < .05, - A -
C we p <o) oo ¢
] . o
S -
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TABLE 5

MFFﬂResponse'Errof Means and Standard Deviations

N

. RS o e T
of Alternative -Instruction;Subjects

7 TEMPO =», >

"

P

Sex - .~ ~+7.FL - SI ., FA . . SA ° Total :ny)

L 3., el Y130 3L - - 93

. *FX - ;A'

16%0. T 11.29, T, 6.08 . 4.81- o 9.14

Maie‘ .

X '3.95° 312 1.94 © 2,10, ' 3.61
S I Lo 0. 61

L a3 - 12 s 46 95

|

13.17 . 1115 . 6.83 4,20 8.84

5 3,09 1.86 1.59 . 2.36 . 3.01

N 59 - 27 25 77 188

»l

13.78 © 11.22. - 6.46  4.50 -, 8.65

S  3.65 - 2.55 1.78 - 2.27 5.00
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(i‘ .
- TABLE - 6°
. Analysis of Variance and Scheffe
Multiple-Compariqons of MFF
o L
' Response Errof Means
Anaiysis of Variance .
Source I - 88 df MS F P
A. Tempo 3074.14 3 . 1024.71° 134.15° ' 000001
B. Sex 344 1 3.44 45 .50
Ax B 18.52 - 3 4,17 .81 .49
Brror 137497, 180 7.64 |
. vf". ‘;»k" ) j:; -
Stheffe Multiple CoMba¥dbng
Tempo FI ST Fa . SA -
X 13.78 11.22 6.46 - 4,50
FE 13,78 . 70.00 2.56%%% 7, 334 9. 28 %Kk
ST 11,22 1 ~ 0.00 N T
. . ot o . C‘;';V -
FA ~ 6.46 .. 0,00 .t 1. 95k% :
- 2 w oL o RN
‘A 4.50 ' e . 0,00
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S kkp 5_505 t
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