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FOREWORD

This report discusses the effect of motivation on certain cognitive speed tests being
considered as new measures of mental ability. The ultimate goal of the research is to
improve the predictive power of the Armed Services Vocational Aptitude Batterv
(ASVAR'). The present work was undertaken out of concern that the "cognitive speed"
dimension itself might simply reflect motivational differences among the test takers. Tf
so, there would be no scientific justification for viewing cognitive speed as an aspect (or
substrate) of intelligence. Our findings, however, suggest that cognitive speed Der se is
largely unrelated to motivation, and that the development and validation of these tests
ap ears theoretically justified.

The work was conducted under the Personnel Performance Prediction (PPP) project
(Work 7-nit No. A2233N R\ 33M20.03), which was sponsored by the Office of the Chief of
Naval Research (Code ?22) and the Office of the Assistant Secretary of Defense (Force
\anagement and Planning /M\J&PP).

5. E. RACON . S. McMICHAEL
Captain. TJ.S. Navy Technical Director
Commanding Officer
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SUMMARY

Problem

There is considerable evidence linking an individual's performance on cognitive speed
tests (e.g., choice reaction time and inspection time) and general intellectual capacity.
This linkage has led to interest in the armed forces regarding the possible use of cognitive
speed measures in personnel assessment. Though studies to date have shown that such
cognitive speed tests can be constructed with adequate test-retest reliability, and that, in
some cases, predictive validity also appears promising, use of tests will likely remain
controversial as long as there are gaps in demonstrating construct validity. More
specifically, it has yet to be shown that performance on cognitive speed tests is not partly
the result of an affective variable such as motivation.

Purpose

The purpose of the present investigation was to support the construct validity of
cognitive speed tests by evaluating the role of incentives on performance and the
relationship between arousal and performance. Two specific questions were addressed:
(1) How does motivation, induced through incentives, affect task performance on
cognitive speed tests? and (2) How do motivating conditions affect the 1O-performance
correlation for cognitive speed tests '

Approach

A battery of three cognitive speed tests--Inspection Time (IT), a version of tDosner's
letter matchrng task (NIPI), and the Mental Counters Test (MCT)--were administered to
109 male and female volunteer college students. One hundred of these subjects returned
for a second session, identical to the first except for the order of task presentation. Half
of the subjects were randomly assigned to an incentive condition, in which they were
offered up to S20.00 if they could improve their performance. For both testing sessions,
heart rate and skin conductance were recorded prior to (baseline) and during task
performance. Following each cognitive speed test, subjects also responded to a self-
report questionnaire that asked them to rate the test in terms of difficulty and to indicate
the amount of effort they expended. Finallv, subjects were group tested on three major
10 tests: the Advanced Otis Lennon, the Advanced Raven Progressive Matrices, and the
Standard R~aven Progressive Matrices. Subjects' scores on the Scholastic Aptitude Test, as
well as their high school and freshmen grade point averages, were recorded from their
official university transcripts.

Results

The data were analyzed through a variety of procedures including T-tests, analysis of
variance, and correlational analysis. Analysis of variance revealed that incentives
affected performance primarily on the most difficult level of the Mental Counters Test.
Incentives did not affect performance on the reaction time and inspection time tests.
Incentives did have a substantial effect on subject self-reported effort: subjects in the
incentive group reported that they tried harder in session 2. Other analyses revealed that
there were no significant changes in the 10-performance correlation, whether or not
subjects had incentives.

vii



Discussion and Conclusions

In ge -,eral, the data reveal little effect of incentives on the performance of cognitiie
sneed test. with the exception of the fastest rate of presentation on the mental counters
test. Moreover, incentives had little effect on the IQ-performance correlations for the
tasks in the study. This finding supports the construct validity of cognitive speed tests .y
demronsti-ating that speed-IQ relationships are most likely the result of command demands
on intellectual capacities rather than individual differences in motivation.
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INTRODUCTION

Within the last 5 years, considerable evidence has linked performance on a variety of
cognitive speed indices to intelligence (Jensen, 1997a, 1197b, 1987c; Saccuzzo N Larson,
19R7). Choice reaction time (Jensen, 1982), intra-individual standard deviation of
reaction time (,arrett, Evsenck, & Lucking, 1986; Vernon. 1983: Vernon, Nador, & Kantor,
198Z5). inspection time (Rrand & Dearv, 198?: Nettlebeck & Kirby, 19,93) and skill at
various other tasks that require few intellectual demands have been found to correlate
with conventional intelligence tests of a much more complex nature. Theoretically. such
correlations emerge because cognitive speed tests measure a basic underlying rapacitv
related to intelligence. A more specific hyprothesis holds that mental speed is primarilv
related to a general factor of intelligences, or Spearman's g (Jensen, 1997c).

Working under the hypothesis that cognitive speed tests might actually enhanre tl'
military's assessment of general intelligence, the \Tavv Personnel Research and revelor>-
ment Center (N.,\'PERS5ANrCFN) embarked on a series of investigations to evalimte
these new measures. Studies thus far have primar'lv examined either the Dsvchometri-
characteristics of cog.nitive speed tests (Saccuzzo N Larson, 19R7: Larson. Merritt. ',
Lattin. 199S). and/or their predictive validity (Larson & ' imland, 198,4. These stu-fies
indicate that cognitive speed tests can be constructed with adequate test-retest reli-
ability. and that. in some cases, predictive validitv also appears promising. There are still
gaps, however, in demonstrating construct validitv, which is the focus of the present
research.

To demonstrate construct validity, one must show that a test is associated with
variables to which it is theoretically related, and unassociated with theoretically distinct
variables. The former requirement is referred to as convergent validity and the latter as
discriminant validity (Campbell & Fiske, 1959; Cronbach & Meehl, 1955). The convergent
validity of rocnitive speed tests has been repeatedly demonstrated, by showing that such
tests are correlated with each other and with psychometric tests of general intelligenc-.
as noted above. Less is known about discriminant validity. Few studies, for instance.
have shown that performance on cognitive speed tests is not simply the result of an
affective variable such as motivation. The choice of this example is not arbitrary:
consider that while more intelligent subjects have faster reaction times, so do subjects
wo are motivated through reinforcement or knowledge of results (Lawler, Obrist. '
Lawler. 197A: Weinstein, 1981Z).

Hence, the construct validity (and theoretical justification) of cognitive speed tests is
in doubt as long as it can be argiii that brighter subjects do well on such tests simply
because they approach such tasks with greater zeal, and not because of same inherent
ability that underlies intelligent behavior. A basic unanswered question, then, raised by a
number of psychologists (Keating & MacLean, 1937: Marr & Sternberg, 1997) concerns
what is being measured by cognitive speed tests--motivation or basic caoacitv. The
present investigation addressed this unanswered question through empirical study of two
issues: (1) How does motivation, induced through incentives, affect task performance on
cognitive speed tests that are of interest to the armed forces" In other words, to what
extent does more effort produce better performance? and (2) Row do motivatin t
conditions affect the 10-performance correlation"

As an additional aid in understanding the nature of cognitive speed tests, direct
measurement of performance was, in the present study, supplemented by physiological



rneas;irement , arousal during performance, and by a subjective measure taken im-
mediatel\' r each task in which subjects were asked for an estimate of the effort they

Two arousal measures were used. heart rate (HP) and skin conductance ( r1. The use
of these measures of arousal was based on the notion that as task demands increase or
when more effort is expended, bodily systems may become activated (i.e.. aroused) as
resourres are marshaled in the service of this increased effort (Gopher & rnonchin, 1 :
Kahnernan, 1973). Theoretically, as task difficultv increases, a subject must expend mee
effort to maintain the same level of performance. If such resources are availah,e.
nerformanre may remain unchanged. It is onlv when the task demands exceed a subject's
actual capacity that performance will decline. Through the use of physiological measure's.
it ma, he possible to detect increased effort or capacity while performance remaqs
co-s ant. In addition, in employing physiological measures, it is possible to address t-vo

questiorns of interest in understanding cognitive speed tests: (1) Is there a relationso
hetveen performance on cognitive speed tests and physiological arousal" and 0?) Is there a
relatiorOnhit) hetween arousal, as indexed by heart rate and skin conductance. and
qtelli ,enre, as indexed bv traditional psychometric tests'

T.le use of subjective measures provided a second avenue for evaluatin!g tis':
difficulty and effort during performance. Though self-reports are limited--for examD'e.
thev -an only be based on those aspects of tasks performance of which a subjert ;
ronsciously aware or chooses to report--they can provide useful information in conjur.-
tion wi th dIrect measures of performance and arousal. Subjective measures are relative>y
eas\ to obtain. have a high degrec of face validity, and have been found to be extreme v
rel:able (Gopher ," rnonchin. 1980 as well as valid for cuantifying complex cognit,,'e
behavior (Geiselman, Woodward. & Reatty. 19',?).

I- the present investigation, motivation was manipulated through incentives for three
types of ro rit;ve speed tests. These were Inspection Time (IT), a choice reaction ti'-e
letter mat,-hing test known as NIPI, and the MIental Counters (C) Test. The effects nf
motivation were then analyzed in various ways, as reported below.

MFTROI'

Sub ie r ts

The subjects were 109 volunteer San Diego 5 tate University students from a"
introductory course in psychology who received course credit for their participation.
They ranged in age from 17 to 37-years-old (M = 19.24. S) = 3.4). Sixtv-five were
female, 44 were male.

Recause the ultimate goal of this research is to improve military testing, comparison
of our student sample with samples of military recruits is appropriate. The dimensions cf
age. gender. and mental ability provide convenient benchmarks. The mean age of the
students (19.24 years) is very similar to the mean age of 271 recruits (19..F years) selected
at random for a study at the Recruit Training Command (RTC), San fliego (see Larsor.
Merritt, & Lattin, 1989). Sixty-six percent of the present subjects were female, while
none of the aforementioned RTC subjects, and only about 9 to V3) percent of the entiTe
Navy enlisted force, are female. As we report below, however, no sex differences
emerged on any of the experimental tasks, nor does the literature reveal sex differences
for the types of variables included in the study. Finally, the present sample scored highe-
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on Ravens Progr ssive Matrices (a test of general intelligence) (mean =22.(,, ; i 0?)
than did the recruits tested by Larson et al. (mean = 1.7, SlD =5.0. Given the
comparable abilitv variance among the students and recruits, however, there is no a priori
reason to believe that correlational relationships should differ. In conclusion, while the
oresent samole differs in some ways from military recruits, none of the differencer
suggest that the findings from one group should not aDlv to the other.

Procedure

Subjects were tested on a battery of microcomputerized cognitive speed tests. 0hi -̂

were presented on an PI-XT compatible computer with color monitor and standard
kevboard. The order of test presentation was randomized for each subject, and ea(--
s,uibject was individually tested under supervised conditions. Prior to and during each task.
two Dhvsiological measures. H' and SC. were recorded. In addition, after comDleti7g
each task, subjects completed a self-report questionnaire (SRO) designed to eli7;!
information concf ning the perceived difficulty of the task and how much effort suhiects
expended on the task. -ollowing completion of an entire session in which all tasks w-e
administered. subjects were as!<ed to return for a second, retest session. Cne hundred
subjects returned for the retest and were randomly assigned either to an incentive or no
uicentive condition with the restriction that there be an equal number of males an-i,

females in each of the two conditions. Subjects in the no incentive condition were given
the battery of tasks as in session 1. the only difference being a different random order of
p-esentation of tasks. Subjects in the incentive condition were also given an identical
battery, in a different random sequence, and were told that they could earn uD to '?r.O0)
to the extent that they improved their performance. A more detailed description of the
cognitive speed tests, physiological measures, 'O. incentive manipulation, and othe -

details of the method follow.

1. Cognitive Speed Tests. The microcomputerized battery of cognitive speed tests
consisted of IT, MC, and the letter matching test, NIPI.

a. Inspection Time (IT)

The IT task was a non-adar)tive procedure based on the methods of Larson
and Rimland (19W,) and Saccuzzo and Larson (1997). In this task, a visual stimulus, known
as the target or test stimulus, is briefly oresented in the center of the cathode ray trlbe
(CRT) screen. In the present study, the target consisted of two horizontal lines of uneaual
length. one 17. 5mm, the second ;'.3mrr. The two lines appeared to the right or left of a
central fixation point. The longer line appeared on the right or left on a random basis.
Immediately following termination of the target, a backward visual noise mask was
presented. The mask, known to limit the duration of the sensory signal delivered to te
central nervous system (Felsten & Wasserman, 19.0), consisted of a spatially overlapp)inc
line which completely superimposed over the target. Targets were presented at five
different stimulus durations: 16.7, 33.4, 66.9, 100.2, and 150.3 msec., which corresponded
to I, 2, 4, 6, and 9 refresh cycles on the video monitor. There were 15 trials per stimulu
duration, for a total of 75 trials. The various stimulus durations were presented in a
completely randomized order. The subject's task was to make a forced-choice discrimina-
tion, indicating which of the two lines of the target was the longer, by pressing one of two
keys on the microcomputer keyboard. The task began with a set of instructions.
examples, and five practice trials, prior to the test proper. S;ubjects were given
comouter-generated visual feedback on their performance. The entire inspection time
task was given first, second, or third, according to a prearranged random sequence.
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b. Mental Counters (MC)

In the MC Test (Larson, 1986), subjects were asked to keep track of the
values of three independent "counters," which changed rapidly and in random order. The
task required subjects to simultaneously hold, revise, and store three counter values under
severe time pressure. The counters themselves were represented as dashes on the video
monitor (three side-by-side horizontal dashes in the center of the screen). The initial
,counter values were zero (0, 0, 0). When a small target (.25 inch, hollow box) appeared
above one of the three dashes, the corresoondine counter had to be adjusted by adding "I."
'T hen the target appeared below one of the three dashes, the corresponding counter had to
he adjusted by subtracting "I" (see Figure 1). The test items varied both in the number of
targets and the rate of presentation. In the present study, there were three different
rates of presentation, one target every .167, .633, and 1.42 seconds, which were caled
fast, medium, and slow speeds, respectively. Order of presentation of speeds was either
"fast/medium/slow" or "slow/medium/last." Subjects who received the "fastfmed-
,m 'slow" order for session 1 were given the reverse order for session 2, and vice versa.
ror each speed, there were 20 consecutive trials, half of which had five targets. ',alf
seven. Prior to the test proper, subjects were given instructions, examples, and Dractl:.e
to criterion (they had to obtain three consecutive correct responses). The maximum and
minimum counter values used in the r'resent study were -3 and -3, respectively. The tasl<
was to select, from among four choices, the correct list of final values for the three
counters. Selection was made by pressing the proper key on the keyboard. Feedback was
given only during practice, and not during the test proper. The entire MC Test was given
first, second, or third according to a prearranged random sequence.

SHA7 ThE ZC. NTER CI:L ",,Ek
STEP S'ECT FEES A2L ST E7'T VA LES

None 0 0 0

] _+1 x x 1 0 0

Z X +I X I 1 0

3x-i x 1 00

] _.1 x x 2 0 2

x x-1 2 -1

Please select your answer-

1. 2 0 0

2. 2 O -1 (Correct answer is ;;2;

3. 1 0 -1

4. 2 1 -1

Figure 1. Sample item from mental counters test.
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c. The Letter Matching Task (NIPI)

The NIPI was based on the work of Dosner and Mitchell (1967). There were
two subtests--Physical Identity (PI) Test and Name Identity (NI) Test. In the PT test.
subjects were required to make judgments based on the physical appearance of two
letters. For example, the letters 'a' and 'a' look the same, whereas, the letters 'A' and 'a'
or 'g' and 'd1 look different. Response times for same and different judgments were
recorded for each trial. In the NI test, subjects were asked to respond on the basis of the
names of two letters. For example, the letters 'a' and 'A' have the same name, while 'a'
and 'c' do not.

On both tests, subjects were instructed to fixate on a period (".") located in
the center of the screen. Following a random wait of 1.5 to 2.5 seconds, the period was
replaced by two letters and the latency and accuracy of the subject's response were
recorded. Reaction times greater than 2 seconds were discarded and new items presented
to maintain a constant number of trials per subject. A count was kept of discarded trials.
Each test consisted of undiscarded 34 trials, The PI test was always presented first. The
entire NIPI task was presented first, second, or third according to a Drearranged random
sequence.

2. Physiological Measures. HR and SC were measured in one of two ways. For 20
subjects, HR was detected by biopotential electrodes placed on the right wrist and left
ankle leading to a Peckman 511A Dynograph and type 98 57 cardiotachometer coupler
calibrated between 30 and 120 bpm. SC for the same subjects was measured from twc
Ag/Ag(C I electrodes (using NaC I paste) placed on the back of the right hand at least 2 cm
apart. The type 9844 SC coupler uses a .5 V, constant voltage circuit, and the amplifiers
were calibrated to produce 0.5 umhos/mm. B'oth HR and SC records were scored to the
nearest 0.5 mm by two independent readers, and disagreements were resolved bY a third
reader. Past research using this scoring method has yielded inter-reader agreement
consistently greater than 90 percent. The remaining subjects were monitored with a PC-
based physiological recording system (I&J Enterprises 1-330 PC System). HR was
measured from a photoplethysmograph transducer placed on the palmar surface of the
distal segment of the left fifth finger connected to a P-401 photoplethysmograph module.
The SC electrodes were connected to a GSR Model IG-3/T-69 module using a 15 Hz square
wave, .3 V constant voltage circuit. For both recording systems, physiological activity
was read every I0 seconds and averaged separately for the baseline period and each task.

3. Self-report Questionnaire (SRO). A SRO was administered following the entire
IT task, each of the three levels of speed of the MC task, and each of the letter matching
tasks (P and NI). Subjects were asked to rank, on a scale from I to 6, each of the
following questions:

a. How hard did you try? (A measure of effort or motivation.)

b. How difficult was the task? (A measure of task difficulty.)

c. How much better do you think you could have done had you used more
effort? (A measure of unused effort or motivation.)

d. How much more effort could you have expended had the task been more
difficult7  (A measure of reserve effort.)

The actual questionnaire appears in Appendix A.
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4,. Incentive Manipulation. Subjects were randomly placed into an incentive or no
incentive condition and retested at the same time of the day within a minimum of 2 days
to a maximurn of 2 weeks. Testing conditions were identical for both groups for the first
session and for session 2 for the no incentive group except for the previously noted
difference in randomizations and order of presentation in the MC Test. Testing conditions
for session 2 were also identical for subjects in the incentive condition except that
subjects in this group were offered incentives for better performance. Specifically, when
they returned for session 2, subjects in the incentive group were told, "We will pay you to
the extent that you can improve your performance. We will pay you up to 20.0r) for
improving your performance over the previous session. The more you improve, the more
you will be paid up to 020.00." Because of the difficulties involved in calculating an
immediate value for rate of improvement, and for human subjects purposes (we did not
<now if subjects could improve at all with incentives), all subjects in the incentive
condition were paid 20.00 immediately after completing the battery regardless of
improvement.

5. Criterion Measures. In addition to the above procedures, subjects were groin
tested on three 10 tests: The Raven Progressive Matrices, Advanced, Form 1 (Advanced
Raven); The Raven Progressive Matrices, rtandard (Standard Raven and the Advanced
Form of the Otis-Lennon Test of Mental Abilities (Advanced Otis-Lennon). The tests
were administered in the following order on three separate occasions: Advanced Otis-
Lennon, Advanced Raven, Standard Raven, with 40 minute time limits for each of the
three tests, plus 10 minutes for practice on the Advanced Raven. In addition, subjects'
high school and freshman grade point averages (GPAs), and scores on the Scholastic
Aptitude Test (SAT) (SAT Verbal, SAT Math, SAT Total) were taken from their official
transcripts. Subjects provided written informed consent to permit these measures to be
taken from the Registrar's Office.

6. Summary of Variables. In sum, three major independent variables were
examined: Groups (incentives versus no incentives), Sessions (session 1 versus session 2),
and IK. Each of these independent variables were evaluated as a function of three
cognitive speed tests: IT, the three levels of speed of the MC Test, and the NIPI task<.
For each task, including each of the three levels of MC and each of the two matching
tasks in the NIPI tasks, two physiological measures (HR and SC) and a subjective SRO
measure, consisting of four questions, were taken. For a summary of the variables anr!
acronyms, see Table I.
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Talie I

Summary of Variables and Acronyms

I. Cognitive Tasks (Performance)

A. Inspection Time

ITTCA Inspection Time, Total Correct, Session I
ITTCR Inspection Time, Total Correct, Session 2

A.Mental Counters

MCTSA Mental Counters Test, Total, Slow Speed, Session I
MCTSB Mental Counters Test, Total, Slow Soeed, Session 2
MCTMA Mental Counters Test, Total, Medium Speed, Session I
MCTMB Mental Counters Test, Total, Medium Speed, Session 2
MCTFA Mental Counters Test, Total, Fast Soeed, Session I
MCTFR Mental Counters Test, Total, Fast Speed, Session 2
COUNTA Counters Composite, Session I
COUNTB Counters Composite, Session 2

C. Letter Matchin

PIMEDA Physical Identity, Median Reaction Time, Session I
PIMEDB Physical Identity, Median Reaction Time. Session 2
PISDA Physical Identity, Standard rneviation, Session I
PISDB Physical Identity, Standard r')eviation, Session 2
NIMEDA Naming Identity. Median Reaction Time, Session 1
NIMEDB Naming Identity, Median Reaction Time, Session 2
NISDA Naming Identity, Standard Deviation, Session I
NISDFB Naming Identity, Standard neviation, Session 2

II. Physiological Variables
A. Heart Rate

,ASHRA Baseline Heart Rate, Session I
BASHRB Baseline Heart Rate, Session 2
ITHRA Inspection Time, Heart Rate, Session I
ITHRB Inspection Time, Heart Rate, Session 2
MCTSHRA Mental Counters Test, Slow, Heart Rate, Session I
MCTSHRB Mental Counters Test, Slow, Heart Rate, Session I
MCTMHRA Mental Counters Test, Medium, Heart Qate, Session I
MCTMHRB Mental Counters Test, Medium, Heart Rate, Session 2
MCTFHRA Mental Counters Test, Fast, Heart Rate, Session I
MCTFHR. Mental Counters Test, Fast, Heart Rate, Session 2
PIHRA Physical Identity, Heart Rate, Session I
PIHRB Physical Identity, Heart Rate, Session 2
NIHRA Naming Identity, Heart Rate, Session I
NIHRk Naming Identity, Heart Rate, Session 2

S. Skin Conductance

RASSCA Baseline Skin Conductance, Session I
BASSCn Raseline Skin Conductance, Session 2
ITSCA Inspection Time, Skin Conductance, Session I
ITSCB Inspection Time, Skin Conductance, Session 2
MCTSSCA Mental Counters Test, Slow, Skin Conductance, Session I
MCTSSC% Mental Counters Test, Slow, Skin Conductance, Session 2
MCTMSCA Mental Counters Test, Medium, Skin Conductance, Session I
MCTMSCI Mental Counters Test, Medium, Skin Conductance, Session 2
MCTFSCA Mental Counters Test, Fast, Skin Conductance, Session I
MCTFSCB Mental Counters Test, Fast, Skin Conductance, Session 2
PISCA Physical Identity, Skin Conductance, Session I
PISCB Physical Identity, Skin Conductance, Session 2
NISCA Naming Identity, Skin Conductance, Session I
NISCB Naming Identity, Skin Conductance, Session 2

In the report, variable names not ending in "A" or "S" indicate that data from both
sessions is being jointly described.
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RESULTS

Overview

The results of the study are presented in four sections. In the first (the "Preliminary
Analyses" below), we explore whether subgroups in our sample differ in ways that might
bias later results. In the second part of the results, we describe the correlational
relationships between the physiological variables, questionnaire responses, and test scores.
The third part of the results section begins to address the main issue of the study (i.e.,
how effort and level of performance on cognitive speed tests are affected by incentives).
Since this requires the use of group (i.e., incentive versus no incentive) comoarison
statistics, analysis of variance is the principal technique used in section three. In the
fourth (and last) section of the results, we compare correlations between cognitive speed
scores and intelligence for the incentive and no incentive groups, to determine whether
motivation mediates the speed/intelligence relationship.

1. Preliminary Analyses

A preliminary analysis was conducted comparing the incentive and no incentive
groups on their baseline performance levels for each of the tasks and on the TO measures.
The two groups did not differ on the Raven tests, the Otis, and SAT scores. Nor did they
differ on any measures of performance. Thus, the two groups were not significantly
different in their TO and in their performance on any of the cognitive speed tests at
session !.

A second preliminary analysis was conducted comparing males and females at session
I on their performance for each of the tasks in order to evaluate possible gender
differences that might affect the subsequent analyses. No male-female differences were
found for any of the tasks. Nor were there gender differences on the Advanced or
Standard Raven. However, males (MA 61, SD = 8.7) had a significantly higher total
correct score than females (M = 56, SD = 9.4) on the Advanced Otis (T (Pooled) = 2.53,
df = 98, P < .02).

2. Correlational Relationships

The results described in the present section provide a background for our later
discussion on incentive effects. Readers who are interested primarily in the effects of
incentives may proceed to page 16.

Baseline Correlations

The analyses that follow are based on baseline (first session) correlations for the full
sample. Table 2 shows the intercorrelations and basic statistics for the cognitive speed
tests at session 1. Table 2 includes the following variables: IT, TOTAL CORRECT
(TTTCA), MC, total correct, slow (MCTSA), medium (MCTMA), and fast (MCTFA), PT
median reaction time in milliseconds (PIMED)A) and standard deviation (PISDA), and NI
median reaction time (NIMET)A) and standard deviation (NISDA). As inspection of Table ?'
reveals, there was a modest, but significant correlation between IT and MC medium and
fast, large intercorrelations among the three MC tests, and large correlations amone the
various PT and NI measures.
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Table 2

Intercorrelations and Rasic Statistics for Cognitive
Speed Tests: Session I

Source ITCA MCTSA MCTMA MCTFA PIMEDA PISDA NIMEDA NISrDA

ITCA 1.00 .05 .22* .21* .12 .08 .15 -. 00
NICTSA 1.00 .46** .51* -. 00 -. 06 -. 03 -. 09
MCTMA 1.00 .45** -. 08 -. 0 -. 12 19"
MCTFA 1.00 .01 -. 05 .07 -. 1
PIMEDA 1.00 .50** •57** .34**
PISDA 1.00 .15 .32*
NIMEDA 1.00 .50" "

NISTDA 1.00

Mean 57.18 15.51 17.45, 13.15 561.67 140.37 692.95 15?.?9
S.D. 6.38 3.05 2.41 3.45 82.85 57.45 9-7.39 45.-'9
N 109 loq 109 109 109 109 107 lOq

*P < .05.
**P < .01.

Table 3 shows the intercorrelations and basic statistics for HR during baseline and
Derformance of the cognitive speed tests for session 1. Inspection of Table 3 reveals
substantial intercorrelations, with a range of .74 to .R9.

Table "1

Intercorrelations and Rasic Statistics for Heart Rate
During Raseline and Performance: Session I

Source RASEHRA ITHRA MCTSHRA MCTMHRA MCrFHRA PIRA NTIPRA

BASEHRA 1.00 .g8** .7R** .74** .79** .T7** ,90**

ITHRA 1.00 .82** .78** .79** .83"* .R**

MCTSHRA 1.00 ,94** .87** .R2** .T(**

MCTMHRA 1.00 .89** .85** .74**

MCTFHRA I.00 .R6** .77**

PIHRA 1.00 RA* *

NIHRA 1.00

Mean 93.77 82.42 94.28 84.97 4.36 82.49 S1. 5
S.D. 12.13 11.40 10.41 11.58 10.71 17.11 12.71
N 109 108 !08 109 l0o 109 109

*P < .05.
**P < .01.

• • l l I



Table 4 shows the intercorrelations and basic statistics for SC during baseline and
during performance of the cognitive speed tests at session 1. As with HP, the
intercorrelations for SC during performance of the different cognitive tests are substan-
tial.

Table 4

Intercorrelations and Basic Statistics for Skin Conductance
r uring Baseline and Performance: Session I

Source BASSCA ITSCA MCTSSCA MCTMSCA MCTFSCA PISCA NI r A

BASSCA 1.00 .g7** .82** .8-** .7;** RA** .77**

ITSCA 1.00 .*7** .90** .g9** .84** RtL**

MCTSSCA 1.00 .95** .92"* F** .Zo**
MCT %MSCA 1.00 .95"* .1* .

Xl CTFSCA 1.00 R 1 .79*
PISCA 1.00 .95**
NISCA 1 .00

Niean 2.79 3.14 3.02 3.22 3.05 2.R7 2.92
S. D. 2.63 2.93 2.7 3.09 2.95 2.7( 2 .
N 108 107 107 107 108 10,9 107

*P < .05.
**P < .0i.

Test-retest Correlations

Table 5 shows the test-retest correlations, means, and standard deviations for the
major variables in the study. (See Table 1 for a summary of acronyms). Inspection of
Table 5 reveals that the test-retest coefficients for performance on the cognitive tests
ranged from .77 for IT time to .37 for the standard deviation of performance during the
physical identity (PI) task. In general, the test-retest coefficients are comparable to
those reported by Saccuzzo and Larson (19S7), in which no incentives were used. Baseline
HR and baseline SC had reliabilites of .62 and .72, respectively. Test-retest correlations
for HR during performance on the cognitive tasks ranged from .73 to .62. The test-retest
correlations for SC during performance were somewhat lower, with a range from 0.67 to
.38. Possible differences between the means on the two testings will be examined with
appropriate statistical tests later in the results.

Physiological Variables as Predictors

The correlations of within-task HR and SC with performance on the cognitive speed
tasks are shown in Table 6 for both sessions 1 and 2. Inspection of Table 6 reveals only
four significant correlations, ranging from -. 16 to -. 27. By chance alone, we would
expect only 1.6 correlations to be significant. Thus, a relationship between performance
on the cognitive speed tests and the two physiological indices of arousal can be said to
exist, but it is certainly weak. Furthermore, correlations between the two physiological
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Table 5

Test-retest Correlations, Means, and Standard rPeviations for
%ognitive speed Tests, Heart Rate, and Skin Conductance

Source 'R'xx Meana S.T3.a n Meanb  S.Tp.b n

ITTC .77* 57.19 6.39 109 5R.51 6.52 100
MCTS .59* 15.51 3.05 109 17.15 2.60 100
MCTM .48* 17.4R 2.41 109 18.14 1.89 100
MCTF .44* 13.15 3.45 109 15.55 2.94 100
PIMEF .53* 56 1.67 82.R5 109 549.11 78.54 10
PISD .37* 140.37 57.45 109 113.53 34.38 100
NIMED .70* 682.R5 92.39 107 657.36 89.06 100
NISD .54* 15?.29 45.29 109 138.q3 47.90 100
RASEHR .62* 81.77 12.13 109 92.92 13.25 100
RASESC .72* 2.79 2.63 101 2.60 2.01 99
ITHR .62* 82.42 11.40 108 82.37 14.07 100
TTSC .46* 3.14 2.93 107 2.87 2.76 100
MCTSHR .71* 84.28 10.61 108 83.91 12.05 100
MCTSSC .65* 3.02 2.87 107 2.R4 2.R5 100
MCTMHR .71* 84.97 11.58 109 83.30 11.19 99
MCTMSC .67* 3.22 3.09 107 3.00 2.90 100
MCTFHR .71* 94.36 10.71 10q 83.09 12.14 100
MCTFSC .58* 3.05 2.95 108 2.R2 2.92 100
PIHR .73* R2.69 12.31 109 83.05 13.24 10
PISC .38* 2.87 2.76 108 3.07 2.80 100
NIHR .71* 83.50 12.71 108 83.33 12.63 100
NISC .40* 2.9? 2.98 107 3.06 2.R7 100

*P < .01.
aFirst test session.

b Second test session.
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Table 6

Correlations of Within-task Heart Rate and Skin Conductance with
Performance for Sessions I and 2

HR SC
Source Session I Session 2 Session I Session '2

[TTC .00 .04 .11 -. 08
\ICTS -. 08 .08 -. 08 .10
MCTM -. 01 -. 10 .11 .03
MCTF -. 16* .09 .05 -. 04
PINiED -. 01 .06 -. 09 -. 25"*
PISD .06 -. 04 -. 12 -. 19"
"IMET -. 15 -. 27** -. 15 -. 05
N'ISD -. 04 -. 10 -. 13 0&

*P < .05.**P < .01.

indices themselves were virtually nonexistent; the highest observed was -. I C (P < .05)
between HR and SC, recorded during the medium speed of mental counters. This is not
surprising, since correlations between different physiological indices cited in the
literature are typically low (Lacey & Lacey, 1974).

Tahle 7 shows the correlations between 1O and the physiological measures. See Table
1 for a description of the acronyms. Inspection of Table 7 reveals a few scattered,
modest relationships, with a high of 0.32 (P < .010. The majority of the correlations failed
to reach statistical significance, however, revealing a weak overall relationship between
the physiological variables and 10.

Ouestionnaire Correlations

Tahls 9, 9, and 10 show the correlations between each of the four questions of the
self-report questionnaire (SELFAI = self-report question 1, session I . . . SELFR4 = self-
report question 4, session 2) and performance of the cognitive speed tests, HR, and SC,
respectively. Of particular interest is the relationship that emerged between question 7,
"How difficult was the task?" and performance on the IT and NAC tasks. These
correlations reveal a significant relationship between perceived (reported) task difficulty
and actual task performance. In both cases, subjects who thought the tests were easy
performed better than subjects who felt the tests were relatively hard. Inspection of
Table 9 reveals only a few low correlations between HR and self-report. Only one of the
correlations between SC and the questionnaire, reported in Table 10, reached significance
(r = .15, P < .05). Thus, just as the two physiological measures showed a weak interrela-
tionship, so too there was a weak relationship between self-report and physiological
indices.
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Table 8

Correlations Between the Self-report Questionnaire and Performance on the
Cognitive Speed Tests for Sessions I and 2

Source ITTCA TTT(C Source MCTCSA MCTCSR Source 'MCTCN4A MCTC M

SFLFAI .1 -. 15 SELFAI -. 03 .06 SFLFAI .02 -. 02
SELFA2 -. 40** -. 18** SELFA2 -. ?2** -. IS* SELFA? -. 2,** -.2
SELFA3 -. 0, -. 17* ELFA3 -. 15 -. In SELFAI .01 10
SFLFA 4 - .01 .07 SELFA4 .09 .08 SELFA* -. 02 .0(

Source MCTCFA MCTCFR Source PIMEDA PIMEDP

SELFAI .01 .14 SELFAI -. 23** -. 07
SELFA2 - .26** - .08 SELFA2 - .02 - .01
SELFAI .07 .03 SELFA3 -. 03 .06
SELFAL .06 .02 SELFA4 .09 .10

Source PISDA PISDB Source NIMEDA NIMEDB Source NISDA NIS)R

SELFA1 -. 10 -. 03 SELFAI -. 05 .06 SELFAJ .07 .04
SELFA2 .10 -. 13 SELFA2 .12 .08 SELFA? .11 -. 02
SELFA3 .00 .19* SELFA3 .04 .06 SELFA3 .01 .06
SELFA4 - .07 .08 SELFA4 - .00 .04 SELFA4 - .05 OR

*P < .05.
**P < .0I.
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Table 9

Correlations Between the Self-report Ouestionnaire and Heart Rate
During Performance for Sessions I and "

Source ITHRA ITHRP Source MCTSHRA MCTSHRB Source MCTMHRA MCTkiHR

SELFA 1 -. 17 -. 12 SELFA I .07 -. 26 SELFAI -. 0-
SELFA2 -. 08 .nS SELFA2 .05 -. 15 SELFA2 .04
SELFA3 .29** .02 SELFA3 .18* .r1 SELFAI .1? 17

SELFA4 .20* .27** SELFA4 -. 00 -. 06 SELFA4 . 19* 19

Source \,CTFHRA MCTFHRB Source PIHRA PIHRB Source NIHRA NIHRR

SELFA) -. 01 -. II SELFAI -. 05 -. 08 SELFAI -. 01 -. o1
SELFA2 -. 01 -. 03 SELFA2 -. 01 .00 SELFA2 -. r! Or
SELFA3 -. 03 .09 SELFA3 .01 -. 17* SELFAI .17 -. 0R
SELFA4 .15 .09 SELFA4 .14 .06 SELFA4 .05 09

*P < .05.
**P - .01.

Table 10

Corr!-&+&v,,,s Between the Self-renort Ouestionnaire and Skin Conductance
During Performance for Sessions I and 2

Source ITSCA ITSCB Source NCTSSCA NiCTSSCB Source MCTMSCA M\CT'-sCR

SELFAI -. 09 -. 08 SELFA1 -. 10 .07 SELFAI -. 13 . 0
SELFA2 -. 05 -. 05 SELFA2 .00 -. 00 SELFA? -. 03 .14
SELFA3 .08 -. 01 SELFA3 .14 -. 01 SELFA3 .e) _.t
SELFA4 .15* -. 03 SELFA4 .14 -. I I SELFA4 . 08 _.4

Source NiCTFSCA NICTFSCB Source PISCA PISCB Source NISCA NAqC'

SELFAI .03 .01 SELFA I -. 01 -. 01 SELFA 1 -. 14
SELFA2 -. 03 .07 SELFA2 -. 09 .02 SELFA2 -. 09 09

SELFA3 .,0I .02 SELFA3 -. 11 .02 SELFA3 -. 15 .1
SELFA4 .05 -. 11 SELFAt& .00 .05 SELFA4 -. 0 -. I

*P < .05.
**P < .01.

Summary of Correlational Relationships. Correlations for the physiological variahles
were generally nonsignificant. For the questionnaire results, the most consistent findinp
was that subjects who thought that the MC and IT Tests were easy performed better than
subjects who thought these tests were relatively hard.

15



3. ANOVAs: Comparison of Incentive versus No-incentive Groups

T o determine the role of motivation in cognitive speed performance, we will now
comDare the results for the incentive and no-incentive groups. Group comparison analyvses
are broken into two sections: (1) The effect of incentive on level of task performance and
(2) the effect of incentives on task-related effort an/-or arousal, measured both
)hysiologically (via HR and SC), and by a questionnaire. In the present study, level and
effort are considered convergent indices for establishing an incentive effect.

effects of Incentives on Level of Task Performance

Performance differences for IT were analyzed in a 2 (GrourO X 5 (Stimu.us
r')uration) X ? (Sessions) repeated measures ANOVA with repeated measures on the last
two factors. The group factor refers to the no-incentive vs. incentive groups. There -was
a significant main effect for Stimuk-s rfuration. F 4/11 = 271. P < .)0)!, which is
!!ustrated in F gure 2. As Figure 2 illustrates, the longer the exposure duration, the r-,e
arcuratelv suhjects' -esp.rnded.
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Figure 2. Main effect for stimulus duration.

In addition to the main effect for stimulus duration, there was a main effect ior
sessions, F 1/96 = 9.96, P < .005. The means for sessions I and 2 were 57.24 (7 S9IZ) a-d

5,.40 (77.76%), respectively, revealing a small, but statistically significant, increase
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:nerformance at session ?. The Group bv Sessions interaction failed to reach statistical
significance, indicating that the sessions effect was the result of general improvement
with practice rather than due to incentives. Thus. there was no effect of incentives on
the global inspection time score.

Two significant interactions did emerge in the time analysis. There was a
significant Stimulus Duration X Incentive interac '-/93 = 2.R, P < .03 and a
K'nificant Stimulus Duration X Session interaction. 2.94. P < .03. The Stimulus
Duration X Incentive interaction is illustrated in FikJre 3. As inspection of Figure 3
reveals, there were no differences between the grouts at the shortest stimulus duration
(where subjects were responding at, or just above, chance) and at the longest duration,
where subjects were responding near the ceiling. Trhus, the differences between the
groups occurred at the middle stimulus durations, between chance and ceiling. It should
be noted, however, that the effect shown in Figure 3 is summed across sessions. There
was no Group X Sessions interaction, nor were there any significant triple interactions.
The effects shown in Figure 3 reveal that the better performance of the incentive grout
was not due only to incentives, but to a more general tendency of this group to
outperform the no incentive group with or without incentives. Finally, the Stimulus
Duration X Sessions interaction, illustrated in Figure 4, shows superior performance at
session 2 for all stimulus durations but the shortest where the reverse was found. Given
that subjects were so close to chance at the shortest duration, the differences found at
the 16.7 msec. duration can best be attributed to a chance fluctuation, with the clear
overall trend of a practice effect independent of incentives.

100
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Stimulus Exposure Duration in Milliseconds (ms)

Figure 3. Stimulus duration x incentive interaction for inspection time.
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Figure 4. Stimulus duration x sessions interaction for insDection time.

To summarize the data on IT, incentives appear to boost the performance of subjects
at the middle stimulus durations, but the effect was not powerful enough to cause a
statistically significant difference in the overall score for the test.

Performance on the MC Test was analyzed in a 2 (Group) X 3 (Speed) X 2 (Sessions)
repeated measures ANOVA with repeated measures on the last two factors. The tota!
number correct at each speed served as the dependent measures. Significant were the
main effects for speed, F 2/94 = 130, P < .001, and for sessions, F 1/95 = R, P .Or.
Means for the three speeds were 16.35, 17.80, and 14.36 for the slow, medium, and fast
speeds, respectively. Newman-Keuls analysis (Winer, 1962) revealed that the differences
between the slow and medium speeds were not statistically significant. However, subjects
had significantly fewer correct responses for the fast speed when compared to both the
medium (P < .01) and slow (P < .05) speeds. The main effect for sessions revealed an
overall practice effect, with means of 15.38 and 16.96 for the first and second sessions,
respectively.

In addition to the main effects, there were two two-way and one triple interaction
effects. First, there was a significant Group X Sessions interaction, F 1/95 . 7.70,
P < .0!, which is illustrated in Figure 5. As Figure 5 shows, the two groups were roughly
comparable at session I and both groups showed improvement at session 2. The incentive
group, however, improved more, which is attributable to the incentives they received.
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Figure 5. Group x Sessions interaction for mental counters.

The second two-way interaction was Speed X Sessions, F 2/q4 = 9.5, P < 0.001 (see
Figure 6). As inspection of Figure 6 reveals, this interaction effect was due to the
greater levels of improvement found for the fast speed. Thus, imorovement was greatest
for the most difficult task in which subjects had the most room to improve.

Finally, analysis of performance for the MC Test revealed a significant Group X
Speed X Sessions interaction, F 2/94 = 4.0, P < .05 (see Figure 7). This interaction
indicated that the incentive group showed the greatest improvement at the fast speed.
Thus, the effects of incentives were greatest on the most difficult task.

Differences in the reaction times for the letter matching task (NIPI) were analyzed in
a 2 (Group) X 2 (Task-P vs. NI) X 2 (Sessions) ANOVA with repeated measures on the last
two factors. There were significant main effects for task, F 1/95 = 422, P < .000!, and
for sessions, F 1/95 = 14.95, P < 0.001. The main effect for task revealed the common
finding that reaction times are faster for physical identities (M = 552 msec.) than for
name identities (M = 669 msec.). The main effect for sessions revealed the now familiar
practice effect, with mean reaction times of 622 msec. and 600 msec. for sessions I and
2, respectively. There were no interaction effects for the letter matching task, and thus
no effects of incentives.
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Figure 7. Group x speed x sessions interaction for mental counters.
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Summary of Incentive Effects on Task Performance. In summary, only the MC Test
showed a significant incentive effect on level of task performance. Incentives had no
effect on overall performance for the IT and RT (NIPI) tasks. There was, however, a
practice effect for ail three cognitive speed tests; a speed effect for the MC Test; and a
task effect for NIPI.

Effects of Incentives on Effort: Dhysiological Arousal

Two arousal measures were used, HR and SC. The use of these measures of arousal
was based on the notion that as task demands increase or when more effort is expended.
bodily systems may become activated (i.e., aroused) as resources are marshaled in the
service of this increased effort (Gopher & Donchin, 19R6; Kahneman, 1973). Thus. it is
reasonable to expect that both task difficulty and incentive manipulations might have an
effect on physiological arousal.

Heart Rate (HR) Analyses

HR data were analyzed in three different ways using: (1) difference scores as the
dependent measure, (2) standard deviations as the dependent measure, (3) analysis of
covariance with raw H during the task as the dependent measure and baseline HR for
session I as the covariate. (There were no significant group differences for baseline
performance at sessions I and 2). No significant incentive effect was found for any HR
measure.

The covariance analysis for IT, however, revealed main effects for sessions. P
1/90 = 5.93, P < .02, and for base HR, F 1/90 = 168, P < .0001. The main effect for
sessions revealed that HR fell slightly from session I (M = 82.41) to session 2 (M = ,R1.42).
Thus, there was a slight, but significant decrease in HR over sessions, which corresDonded
to the significant increase in performance. The significant base HR effect revealed that
the incentive group (M = 5.21) had a significantly faster HR at session I than the no
incentive grout (M = 81.96), which reveals that the two groups showed arousal differences
even before the incentive manipulation.

For the \IC Test, the 2 (Group) X 3 (Speed) X ? (Sessions) ANOVAs and covariance
analysis yielded only two significant findings. There was a main effect for group for HR
standard deviation, F 1/92 = .22, P < .01, and a main effect for base HT in the
covariance analysis as reported above in the IT analysis. The main effect for group was
due to the significantly higher HP variability, summed across all three counter soeeds and
sessions, in the incentive group (M = 6.95) compared to the no incentive group (M = 4.44).
Thus, there were no incentive effects on HR; nor were there changes across sessions that
corresponded to the performance changes that were found with MC.

For the 2 (Group) X 2 (Task) X 2 (Sessions) ANOVAs and covariance analysis for NIPI.
there were no significant differences for difference scores (i.e., rise/fall over baseline).
With HR standard deviation as the dependent variable, there was a main effect for group,
F 1/82 = 10.42, P < .002. The incentive group (M = 6.77) showed considerably more
variability, summed across both tasks and sessions, than the no incentive group (M 3.60).
Also significant was the main effect for sessions in the covariance analysis, F 1/90 6.36,
P < .02, which revealed a slight decrease in the means for session 1 (82.71) compared to
session 2 (82.55), when baseline performance at session I was used as a covariate.

In sum, while qR differences were found, they were not attributable to incentives.
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Skin Conductance (SC) Analyses

SC data were analyzed in two different ways using: (I) difference scores as the
dependent measure and (2) analysis of covariance with SC scores during the task as the
dependent measure and baseline SC for session I as the covariate. (There were no
significant group differences for baseline performance at sessions I and 2.)

cor the IT task, the 2 (Group) X 2 (Sessions) repeated measures ANJCA revealer no
statistically sigr,".icant differences for the difference scores. The covariance procedure
produced a main effect for sessions, F /90 = 9.10, P < .00h, which revealed a slight
decrease in SC between sessions I (M = 2.R() and 2 (M = 2.93), when baseline scores at
session I are used as a covariate. This sessions effect paralleled the effects found for
performance and HR. In addition, the covariance analysis produced a significant base ;r'
effect, F 1/90 = 94.79, P < 0.001, which again revealed arousal differences between the
incentive grouD (M = 20.67) and the no incentive group (M = ?.44) at session 1, before the
incentive manipulation.

For the MIC Test, the 2 (Group) X 3 (Speed) X 2 (Sessions) AN\OVA for difference
scores produced a main effect for Speed, F 2/90 = 4.04, P < .03. Miean SC scores for the
slow, medium, and fast speeds, respectively, were -0.665, -1.303, and -0.859. The only
significant difference, according to Newman-Keuls analysis, was between the slow and
medium speeds.

The covariance analysis for MC revealed a main effect for sessions, F 1/90 = 4.73,
P < .04. As with HR, there was a slight decrease in SC between session I (M = 2.94) and
session 2 (M = 2.89), which paralleled the significant practice effect found in the analysis
of performance. The covariance analysis also revealed a significant Group X Speed
interaction effect, F 2/99 = 3.22, P < .05 (see Figure 8). Inspection of Figure 9 reveals
that the effect for speed occurred primarily for the no incentive group between the slow
and medium and slow and fast speeds. SC of the incentive group remained relative
constant, and nonsignificantly different, across the three speeds. Finally, the covariance
analysis revealed the significant base SC effect, which was reported in the IT analysis.

For the 2 (Group) X 2 (Task) X 2 (Sessions) ANOVA for NIPI, there were no significant
differences when difference scores were used as the dependent measure. The covariance
analysis showed only a significant sessions effect (in addition to the previously reported
base SC effect), F 1/90 = 10.70;, P < .00?. Analysis of this session effect revealed that 'C
was lower for session I (M = 2.66) than it was for session 2 (WA = 3.10).

In summary, there were few incentive effects on physiological indices of arousal.
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Effects of Incentives on Effort: Self-report Ouestionnaire Responses

The questionnaire was designed to reveal the effect of incentives on perceived effort.
Data for each of the four self-report questions were analyzed seoarately for each task.
host of significant effects were found.

For question 1, "How hard did you try?," the 2 (Group) X 2 (Sessions) repeate.d
measures ANOVA for responses following IT resulted in a main effect for sessions, F
1/96 = 8.13, P < .01, and a Group X Sessions interaction, F 1/96 = 6.17, P < .02. The main
effect for sessions revealed that overall, subjects said they tried harder on session
(M = 4.44) than on session 2 (M = 4.12). However, the sessions effect must be interpreted
in light of the Group X Sessions interaction, which is shown in Figure 9. As Figure a
shows, the incentive group reported that they tried about as hard on both sessions. am,
there was no significant difference in reported effort for this group. The no incentive
group, by contrast, reported that they tried harder on session 1 than they did on session 2.
Thus, the no incentive group showed a drop in reported effort, which the incentive grouD
did not show.
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The 2 (Group) X 3 (Speed) X 2 (Sessions) repeated measures ANOVA for responses to
question 1 following the M4C Test revealed a significant main effect for speed, F
2/92 =19.75, P < .O00i as well as a Group X Sessions interaction, F 1/9R = 10.; , P < .Ot

The main effect for speed revealed that subjects reported that the faster the speed, the
harder they tried, with means of 3.80, 4.09, and 4.37 for the slow, medium, and fast
speeds, respectively. Only the differences between the slow and fast speeds reache,'
statistical significance according to Newman-Keuls analysis (P < .01). The GrouD N:
Sessions interaction is illustrated in Figure 10, inspection of which reveals that whereas
the no incentive group said they tried less hard on session 2, the incentive group claimed
just the opposite.

The 2 (Group) X 2 (Task) X 2 (Sessions) repeated measures ANOVA for \JTFI also
revealed a significant Group X Incentive interaction for question 1, F 1/99 = 6.25, P < .'1.
Figure I1 shows the same pattern as found for MC. Subjects in the no incentive groun
reported they tried less hard on session 2; the incentive group reported they tried harder
on session 2.

In sum, for question 1, "How hard did you try9t," there were significant Grouo X
Session interactions for all three tasks. These interactions revealed that whereas the no
incentive group reported expending less effort for session 2, the incentive group reported
expending equal or more effort on session 2.
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The resdlts of the ANOVAs for question 2, "How difficult was the task?" are
summarized in Table 11. Means for the three speeds in the MC Test were 3.0), 3.43, and
4.44 for the slow, medium, and fast speeds, respectively. Newman-Keuls analysis
revealed a significant different (P < .01) only between the fast and medium speeds and
between the fast and slow speeds. Thus, the fast speed clearly was perceived as the most
difficult task. The main effect for sessions showed that overall, the MC Test, summed
over speed, was seen as more difficult at session I (M = 3.74) than at session 2 (W = 3.57).
The main effects for NIPI showed that the NI task was perceived as more difficult than
the PT task and that, overall, the task was seen as easier on session ?.

Table I I

Summary of Results for Ouestion 2

Inspection Time 2 (Group) X ? (Sessions) repeated measures ANCWA. ,'o
significant differences.

MIental Counters Test ? (Group) X 3 (Speed) X 2 (Sessions) repeated measures analyses.
Main effect for Speed, F 2/97 = 712, P < .001.
Main effect for Sessions, F 1,198 = 4.R, P < .03.

NPI 2 (Group) X 2 (Task) X 2 (Sessions) repeated measures ANJCn"A.
Main effect for Task, F 1/9) = 87.,, P < .00!.
'lain effect for Sessions, F 1/99 = 4.08, P < .05.

The results of the ANOVAs for question 3, "How much better do you think you could
have done if you used more effort?" are summarized in Table 12. The Group X Sessions
interaction for IT, illustrated in Figure 12, reveals that while the no incentive group
believed that they could have done better at session 2, the incentive group reported just
the opposite.

Table I?

Summary of Results for Ouestion 3

Inspection Time 2 (Group) X 2 (Sessions) repeated measures ANOVA.
Group X Sessions Interaction, F 1/96 = 1.*4, P < .03.

Mental Counters Test 2 (Group) X 3 (Speed) X 2 (Sessions) repeated measures analyses.
Group X Sessions Interaction, F 1/9F = 12.47, P < .001.

NIPI ? (Group) X 2 (Task) X 2 (Sessions) repeated measures ANCVA.
Task X Sessions Interaction, F 1/99 = (,.?7, P < .02.
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The Group X Sessions interaction for MC, illustrated in Figure 13, paralleled the
Group X Sessions interaction found for IT. Whereas, the no incentive group thought the'
could have improved their performance, the incentive group apparently felt just the
opposite.

Finally, the Task by Sessions interaction for NIPI is illustrated in Figure 14. This
figure reveals that, overall, there was a significant decrease between sessions 1 and 2 for
the PI task but not for the NI task.

The results of the ANOVAs for question 4, "How much more effort could you have
expended had the task been more difficult?" are summarized in Table 13. The significant
main effect in the IT analysis revealed that the incentive group reported that they could
have used more effort had the task been more difficult, a finding paralleled by the main
effect for group for the MC Test. The main effect for speed in MC reveals a parallel with
question 2, and indicates that in general, the faster the speed, the more difficult the task.
The triple interaction, illustrated in Figure 15, shows that for the fastest speed (i.e., the
most difficult task) the no incentive group showed an increase in their mean response,
whereas, the incentive group showed the opposite. Finally, the main effect for task in
NIPI revealed a significantly higher mean for PI than for NI, again reflecting differences
in perceived difficulty.
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Table 13

Summarv of Results for Question 4

Inspection 'rime 2 (Group) X 2 (Sessions) repeated measures ANOVA.
Main effect for Group, F 1/96 = 8.74, P < .004.
(M\ean no incentive group =2.46; mean incentive group

M1ental Counters Test 2 (Group) X 3 (Speed) X 2 (Sessions) repeated measures ~'JO"A.
Mlain effect for Group, F 1/98 =5.90, P < .0?.
(Mean no incentive group =2.63, mean incentive group = 3.1)-.

Main effect for speed, F 2/97 = 15.8, P < .0001.
(Mean slow = 3.09, Mean medium = 2.91, Mean fast =2.55z)
Group X Speed X Session Interaction, F 2/97 =4.36, P < .0)?.

\1D1 2 (Group) X 2 (Task) X 2 (Sessions) repeated measures ANOA.
Miain effect for Task, F 1/99 =166, P < .0001.
(Mean PI 3.54, Mean NI 1 .23)
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Figure 15. Group x speed x sessions interaction for Ouestion 4: Mental counters.
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S'ummarv of Incentive Effects

1. Performance level. MC was the onlv test on which the subjects performance was
significantly boosted by incentives. It is noteworthy that M was also the most complex
task in the study, in that it involves a substantial mental workload.

2. Effort. The questionnaire responses indicated that subjects who received
incentives tried harder on all the cognitive speed tests. The physiological indices.
however, were apparentlv not sensitive enough to registe- the increased activation..

3. Overall. It appears that differences in motivation are not the source of
performance differences on simple cognitive tasks such as IT and NIPT, in that level of
effort was unrelated to performance on these tasks. The incentive effect for the more
complex MC Test, however, raises the possibility that results with Counters are
confounded by motivation. In the next section, we explore whether correlations between
intelligence and cognitive speed tests (including Counters) are changed by incentives.

4. Correlations Between Cognitive Speed and Intelligence

Tables 14 through 17 present correlational data pertaining to 10 and the relationship
between I0 and task performance, and 10 and the physiological measures.

Table 14 shows the intercorrelations among the I0 and GPA variables. The GP s

showed only modest relationships with SAT scores, which is typical for San Diego State
University samples (McCornack, 1992). The Advanced Raven, Standard Raven, Advanced
Otis-Lennon, and SAT total intercorrelated highly, with a range of .44 to .75. The G 0 '
measures were minimally related to intelligence, however.

Tdble 14

Intercorrelations Among the TO and Grade Point Average Variables

Source ArW.RAV ST.RAV SATV SATO rATT FRGPA HSGOA OTIq

ADVRAV 1.00 .65** ,37** .4** .*4** .10 .14 . 44**
c;TRAV 1.00 .19 .51** .44** .21* . I .44**
SATV 1.00 ,37** .80** .27** .14 .(5*

SATO 1.00 .86** .13 .20* .4 **

SATT 1.00 .?3* .20* .75**

FRGPA 1.00 .25** .3**

HSGPA 1.00 .13
OTIS . 00

Mean 22.55 51.39 430.73 496.73 927.47 2.63 3.03 5?.10

SD 5.02 4.4 71.64 83.32 12R.50 .63 .32 9.'7
N 99 71 95 95 95 101 95 99

*P < .05.
**p < .r;.



Table 15 shows the correlations among 10 and performance for all subjects at session
I, prior to the incentive manipulation, and at session 2, in which incentive and no
incentive groups are combined. Table 15 also includes the correlation of GPA and
performance. The variables "CnUNTA" and "COUNTR" refer to a MC composite taken at
sessions 1 and sessions 2, respectively, which was formed by summing the scores from all
three levels of MC. Fxamination of Table 15 reveals that the performance on the MO"
Test produced the strongest and most consistent correlations with 10, a resuflt consistent
with those from previous analyses (Saccuzzo & Larson, 1987). The I0-IT correlations in
session 1 were low, but significant for the Advanced Raven, SAT Total, and Advanced
,' tis, whi,-h is also consistent with previous analyses. Of the NIP! variables at session 1.

Onlv the standard deviation of the physical identity task (PISFD yielded a significant
relationship (-.20 with the Standard Raven and -. 18 with the Advanced Otis). With only a
few minor exceptions. the TO-Performance correlations tended to fall slightly in session '.

Table 15

Correlations Amon g 1( and Derformance:
All Subjects, Sessions I and 2

Source A , \'. R AN ST.RAV SATV SATO SATT FRGPA HSGPA OTT-

First Session

ITTCA .20 .17 .15 .)5 .11* .07 -. 1 .]R*
1TA . .31** .00 .0** .32** 04 11

1.1 r \1 A .13** " R * * .14 .23* .23* -.02 OR ">2*
\CT r A .3r* .42** -.04 .24** .13 .03 0? OR
COI!'NTA .19- .44 * * .03 .40** .2R** 02 .1!1 '*
PIIE r)A -.03 .03 -.07 .11 .03 -o0 .11 nj
PTSrA .2() I 1! -. 13 -. 05 - .I I . 0 01) - [ *
NIEF .D0 -. 0. .04 .05 .0 -. n2 -.O -00

NISrA -.I - .2? -. 03 -. 06 -. 06 .0 -. 17 -. 15

Petest Session

ITTQ7 .1R* .09 .09 .OF .10 .16 -.13 r,
MCT;R .33"* .4 5* .13 .33** .22"* .00 0O .72"
M CTNIP, .19* .19 .12 .29"* .26** .13 .12 .?t
MCTFR .22 *35** -. 02 .22* .13 -. 06 -. 03 .14
C'IINJT, .29* *  39** .09 .32** .26** .01 .06 .?1*
PIME F .02 -. I -.04 -.03 -.04 .03 .07 -.I6,
PISDR -. 17 - .25* -. 04 .01 -. 01 ,10 -. 07 -.I

NIvFln, R .03 -.14 .09 -. 03 .03 -.04 -.13 -. I
NISDR -. 09 -.14 -.03 -.09 -.07 -.11 -.13 -. 19

*P < .05.
**P < .01.

31



fespite the drops in correlations, which might be attributed to practice effects and
task automation (Ackerman, 19RA), the correlations between MC and 10 remained
significant. Performance at session 2 could have been influenced by two variables--in-
centives and practice. The variables can be untangled by examining the correlations for
the incentive and no incentive groups separately for sessions I and 2 (see Tables 16 and
17).

Tables 1r and 17 present the TO-Performance correlations at sessions ! and 2 for the
ro incentive and incentive groups, respectively. .Both tables include a composite, 10,
which is based on an equal weighing of the Advanced Raven, SAT Total, and Advanced
Otis. The Standard Raven was not included due to the relatively few subjects for which
scores were available. Inspection of Tables 16 and 17 reveals that WC was the most
stable and consistent correlate of 10. Por the IT task, the groups were initially quite
different before the incentive manio>ulation. These differences illustrate the erratic
nature of the IT-IC relationship, as noted in previous research (Saccuzzo. Larson, &
Timland, 19F6: Saccuzzo A Larson, 1997). Inspection of Tables 16 and 17 further reveals
that the 10-IT relationship varied widely for the different 10 measures. Similarly, there
were obvious initial group differences in the I0-Derformance corrijation for DPIJr, and the
strength of the correlation also varied with the TO measure.

Table 16

Correlations PRetween 1O and Performance:
No Incentive Group, Sessions I and 2

Source ,V AV TAN DRAV OTIS SATT 1o

ITTCA .01 .06 .26* .23 .20
ITTCR .09 .04 .27* .20
\MCTSA .29* .33* .2?* .20 .7*
\1CTS P 35** .45** .25* .20 .?S*
W'-TMA .44** .57** .27* .11 In*

* TR .19 .25 .23 .25* .,*
MCTFA 4-7* .47** .09 .09 .?2
M CTF, .30* .(,0"* .29* .19 . ?R*
COUNTA .4R** .53** .21 .15 .30*
C01 3NTB .34** .53** .30** .21 .32*
PIMEDA -. 09 -. 04 .03 .10
PIMEDP, -. 08 - .32* -. 06 -. 0"1 -1
PISDA -. 15 -. 04 .05 .10 .01
PISDR -. 22 -. 37* -. 11 .01 -. 19
NI ME DA .02 .00 .00 .1 .09
NIMEDR .01 -. 23 -. 03 .0R .01
NISPA -. 03 -. lR -. 09 .02 - .7
NISI R -.14 -. 28 -. 19 -. 13 -. 20

*P < .05.
**P < .01.
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Table 17

Correlations Retween IQ and Performance:
Incentive Grout, Sessions I and 2

Source ADVPAV STANDRAV OTIS SATT TO

ITTCA .*33** .24 .05 .05 .1"
ITTCR .29* .19 .06 -. 01 .11
%ICTSA .17 .23 .15 .49** .32**
MCTSR .28* .45** .22 .42** .49-*
MCTMA .17 .02 .15 .41** . -A4*
MCTMR .17 .13 .26* .27* .3!*
MCTFA .27* .33* .12 .17 .34*
MCTFR .09 -. 00 -. 01 .09 .07
COUNTA .27* .26 .17 t44** . -A*4
COUNTB .21 .23 .17 .32* .35*
PIMEDA -. 15 -. 01 -. 16 -. 14 -. ?4
PIMED3 .10 -. 03 -. 25* -. 06 -. 01
PTSDA -. 29" -. 17 -. 35** -. 2* -. 41*
PSIDR -. 11 -. 12 -. 16 -. 05 -. ?4
NIMEflA .15 -. 05 .01 -. 0A .0?
NI iET)r .04 -. 03 -. 25* -. 01 -. 07
NISF)A -. 21 -. 20 =.16 -. 12 -. ?7
NISF)R -. 03 .02 -. 19 -. 01 -. 12

*P < .05.

V'e noted the relative stability of results with MC, compared to IT and PISr. Closer
inspection of the correlational results for MC reveals that neither incentives nor practice
had much effect on the IO-Performance correlation. For the no incentive grouD, the
Performance-O comoosite correlation was .30 (P < .05) at session I and 0.32 (r) < .'' at
session 2, showing minimal change with practice. For the incentive group, the correlativ n
dropped slightly, but nonsignificantly (7 = .6836), as revealed by the 77 test (Glass &
Stanley, 1979). Thus, neither incentives nor practice had an appreciable effect on the TO-
Performance relationship. The within-group validity differences between sessions I and 2
for most of the tasks were less than the validity difference between the incentive and no
incentive groups at session 1, prior to any manipulation. If anything, there was a
regression to the mean in both groups.

DISCUSSION

The results revealed that incentives had no effect on performance on the IT and NIPI
tests. Whereas, subjects in the incentive group reported that they either tried harder or
used more effort at session 2 than the no incentive subjects, there was no corresponding
increase in performance. Apparently, there was a limit to performance which further
effort could not surmount.
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Analyses of performance for the MC Test showed a somewhat different pattern than
found for IT and NIPI. A significant Group X Sessions interaction was found, which
indicated that while both groups improved with practice, the incentive group improved to
a greater degree. For the MC Test, incentives led to better performance. Thus, in
contrast to performance on the relatively simple reaction time and IT tests, the MC Test
was susceptible to incentives. Apparently, then, performance on the version of the MC
Test used in the present study is less "hard wired" and more subject to strategic control
and resource allocation than IT and NIPI. The Group X Sessions effect for MC was
paralleled by a Group X Sessions effect for questions I and 3 of the self-report
questionnaire. For both questions, the interaction effects indicated that subjects in the
incentive group said that they tried harder (question 1) or had less reserve effort (question
3). However, the same two interactions were found with questionnaire response to IT with
no corresponding increases in performance. Thus, while trying harder or using more effort
led to increasps on the MC Test, it did not lead to similar increases for IT.

In further support of a relationship between task difficulty and incentive effects is
the Group X Speed X Sessions triple interaction for NC (see Figure 7). This interaction
revealed that rate of improvement for the incentive group varied as a function of speed
(task difficulty). The faster the speed, the greater the effect of incentives. Thus, when
the task is relatively easy, incentives have little effect, because there is little room for
improvement. As task difficulty increases, however, there is greater room for improve-
ment when more effort is expended.

In sum, in answer to the question, "How does motivation, induced through incentives,
affect task performance on cognitive speed tests?," the answer appears to be as follows.
In the typical research setting, for IT and simple reaction time tasks such as NIP!,
motivation has little effect on performance. While subjects in the incentive group said
they tried harder on session 2 for IT and NIPI, compared to the no incentive group (see
Figures 9 and I 1), there was no corresponding increase in performance. For the more
difficult and complex WC Test, by contrast, incentives do lead to performance increases.
These conclusions pertaining to incentives are, of course, limited to the range of
motivation in a typical research setting. The picture could be quite different for
completely unmotivated or antagonistic subjects.

Independent of the question of how motivation affects performance is the cuestion of
how motivating conditions affect the TQ-Performance correlation. This latter cuestion
was addressed primarily in Tables 15 through 17. The correlations for the incentive and
no incentive groups for sessions I and 2 between the MC composite and the TO composite
reflect the clear trend of the data. Essentially, there was little change in the TO-
Performance correlation whether or not subjects had incentives. The differences between
the groups prior to the incentive manipulation was almost twice the difference found
between sessions I and 2 for the incentive group. Thus, although incentives led to
increased performance on the MC Test, they did not affect significantly the 1o-
Performance correlation. The correlation between 10 and performance for motivated
subjects is just as strong as it is for random groups. Clearly, then, the 10-NC correlation
found here and in previous studies cannot be attributed to motivation alone. Some other
process such as some basic underlying aspect of intelligence is needed to account for the
well documented 10-Performance correlation. Results for IT and the NIPI test are less
clear, and within-group validities again differed prior to the introduction of incentives. In
general, however, the overall results of the study do not show that motivation plays a
particularly important role in results with the IT and NIPT paradigms.
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The present study failed to find a clear relationship between arousal and perfor-
mance, arousal and incentives, and arousal and IQ. One problem in this regard may have
been the relative simplicity of the tasks, most notably, NIP!. As long as resources keep up
with demands, a task need not be arousing. Thus, in some cases the tasks were well within
the capacitv of subjects. When task difficulty clearly exceeded capacity, performance
broke down. It was only when task difficulty increased between MC slow and medium,
that a significant physiological effect (i.e., change in SC) was found. Interestingly, SC
levels were significantly higher at MC medium than at MC hard, where performance
deteriorated. From these findings we might conclude that when task difficulty increases
only to the degree where increased effort can lead to better performance (i.e., when there
is room for improvement given capacity limitations), the increased difficulty is arousing
and reflects greater expenditure of effort. If, however, the increase in difficulty exceeds
capacity, the task is less arousing and performance deteriorates. Nevertheless, arousal
differences between subjects and changes in physiological arousal, as measured here,
reveal nothing about individual differences in intelligence.

In addition to elucidating the role of motivation and performance for the three tvoes
of tasks studied herein and showing that certain In-Performance correlations are not, in
fact, attributable to motivation, present results lead to a number of conclusions of
significance to the Armed Forces. First, mental speed, as indexed by Tr and reaction
time, appears to be hard wired, that is, relatively insensitive to motivation and incentives
but highly vulnerable to difficulty manipulations (either faster speed or greater complex-
ityv). These tasks, however, are of limited predictive value in that the 10-Performance
correlation is relatively weak and varies widely across samples.

The MC Test, by contrast, is extremely promising. First, it clearly distinguishes
subjects of varying ability and has the highest and most stable correlations with 10.
Second, the MC Test is extremely flexible. Task difficulty can be varied both in terms of
the number of targets and in terms of the speed of target presentation. Hence, it is
possible to devise a large set of items of increasing difficulty (by varying speed) and
complexity (by varying the number of targets). The MC Test can be further varied such
that greater increases in difficulty do not necessarily lead to a breakdown in performance,
as was revealed in the present study. Thus, it is possible to use MC to evaluate strategic
control and resource deployment. Given its flexibility, the MC Test appears to have
considerable potential in adding incremental validity to existing test procedures.

CONCLUSIONS

1. Incentives have no appreciable effect on performance for IT and relatively
simple reaction time tasks; but do affect performance on more complex or difficult tests
such as the more difficult level of MC.

?. Whether or not subjects are extrinsically motivated, the TO-Performance rela-
tionship remains about the same. Motivation alone cannot explain the TO-Performance
relationship found for cognitive speed tests.

3. There is little or no relationship between performance on cognitive speed tests
and physiological arousal except when increases in task difficulty are small enough to
permit constant performance through increased effort or resource allocation.

4. There is little or no relationship between intelligence and arousal, as indexed by
HR and SC changes.
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5. Changes in self-reported effort are not necessarily correlated with changes in
performance or physiological arousal.

6. The IT and \ TIPI tests are of questionahle value for personnel selection due to
widely varying predictive validity coefficients.

7. The NJC Test has considerable potential for adding incremental validity to
existing batteries.

RECOMMENDATIONS

Additional investigation of the properties of the MC Test is warranted. Further
consideration of the validity and ideal complexity/difficulty variations may be desirable
as a prelude to using the MC Test on an extensive scale as an aid to the selection process
and in adding incremental validity to existing test batteries.
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APPENDIX A

Self-Report Questionnaire

Subject Number

Name

Session _1 or 2

I. How hard did you try on this task?

(circle one)

6 5 4 3 2 1

Extremely Hard Very Hard Hard Somewhat hard Hardly Not at all.

2. How difficult was this task for you?

6 5 4 3 2 1

Extremely Very Difficult Somewhat Very Easy Extremely

Difficult Difficult Difficult Easy

3. How much better do you think you could have done, had you used more
effort? (Circle one)

6 5 4 3 2 1

Extremely Very Much Much Somewhat Slightly Not better
Better Better Better Better Better At All

4. How much more effort could you have expended, had the task been more
difficult? (Circle one)

6 5 4 3 2 1

Very Much Considerable Much Somewhat Slightly No More
More More More More More

1
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