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Effacts of Concurrént Negative Feedback
on Performancé of Two Motor Tasks
Leigh F. Kieffer
and
Robert D. Tennyson
Florida State University

ABSTRACT

" The effects of stress on state anxiety and on heart rate of
male high school Ss were investigated. Two psychomotor tasks were
used. In the stress condition, Ss received negative feedback about
performance; the Ss in the nonstress condition were given rest
intervals. Ss in the two conditions showed similar pretask (p > .05)
A-State and heart rate measures. However, during the tasks the
groups showed differing regression 1ines. The nonstress group main--
tained the same A-State level across the tasks with increased heart
rate occurring as a result of the motor task. The stress group
increased in A-State and heart rate measures. The two groups were
significantly different (2_< .01) in all within-task measures. The

stress group performed better on the two motor skill tasks.



Effects of Concurrent Negative Feedback
on Performance of'Two“’Motor' Tasks'
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Physiological factors produce adJustments in heart rate to meet
the requirements of the behavioral situation. The internal homeostasis
of the organism-reflects the demands’ of chang1ng'metabo11C'actjv1ty
to- the ‘changing environment. Initial rises in heart“rate=ure'frequent1y
demonstrated prior to activity as a result of reflex'actfviﬁy in the
cortex caused by anxiety, excitement, or anticipation of new. and df fferent
experiences (Suggs & Spiinter,.1966). For eiample. Dil1 (1959) found
that significant increases in heart rate were experienced in teenage.
maies prior to testing in a laboratory situation,

Several studies have irvestigated the effects of anxiety proneness
of Ss learning to perform motor tasks (Castaneda & Lipsitt, 1971; Ryan,
1962; Carron, 1968). Physiologists have studied the mctabolic or
chemical changes within the body resulting from stressful cbﬂﬂifions~
(Datta & Ramanathan, 1969; Franks & Cureton, 1968). An appropMate
direction for research on anxiety would be the simultaneous measurement
of psychoIog1ca1 and physiological variables during 1nduced states of
stress -using multivariate analys's procedures.~ One experimental
3 mathcd ‘of “inducing ‘stress 5" tv vresent consistently negative knowledge

of resu]ts of‘performance on psychomotor tasks.
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Hypothesis. The present study proposed to‘éxtgpd cognitive
studies concerned with trait and'state‘anx1ety‘measure§iipto the
psychomotor domain (Tenhnyson & Boutwell, 1973; 0'Ne11;“1§;2);a4 It
was hypothesized that induced stress, through negative feedback, would
cause fncreases in state anxiety and heart rate duriny psychomqmgr task
performances. The purpose was' to 'obtain concurrent measures of anxiety
using self-report instrument (measuring both trait and staté'ankicusness)

and a physio]ogica! measure of heart rate.

Method )

| Subjects. Twenty-three eleventh grade males (ages 15-16) were
randomly selected from Florida State University's Research 'and;DeVé1op4‘
mental Laboratory School. The school's student body 1s“reprg§eﬁtai
tive of the state's popuiation norms for cognitive, ethnic, and racial
characteristics. Ss were required to participate in the study as part
of their physical educatibn class activities. Three Ss took part in the
preexperimental tryouts of the two treatment conditions. One S was
dropped from the data analysis due to a failure in obtaining a consistent
measure of heart rate during Task B.

Psychomotor tasks. Two psychomotor tasks were selected as

irrelevant treatments through which stimulation of anxiety

states could be planned and observed. The learning of the tasks was
-not for the burpose of improving skill, per se; but rather to-réquire
Ss to perform a relatively simple task where the conditions for stimuli

could'brodbée a differential level of anxiety and could be expedited

effectively while the S was still performing. The anxiety level was

manipulated by means of concur?ent. controverted féedback on
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task performance. The results of pérformance given to each S
in the experimental group was consistently negative regard]e§§ of
actual performance. Ss in the control group were told that they were
as.isting in the testing of a new piece of reaction time/movement
time apparatus and received no feedback regarding their be#fd#mance.

The motor tasks included an "easy" task of reaction. t1me (RT)
in response to a visual stimulus (Task A), and a "hard" task of reaction
time and movement time (RT-MT) using the same visual stimylus (Task B).
Tasks were designated as easy or hard with respect to the amount of
muscular involvement required. These tasks were se]ectedtﬁecause they"
could be measured within a restricted envirnoment and administered over
a short time duration. Lapse of time between trial or task sessions .
was eliminated, for testing occurred during a 45-minute period
for each S. i
Task A (RT) consisted of §§Mplacing their right forearm, with
palm down, flat on a specified portion of the testing panel in such a
manner that their index finger completely covered a photo sensitive cell.
 This obstructed a beam of 1ight focused on the cell which was connected
to a timer recording in milliseconds the time lapse between appearance
of the proper light stimulus and the rémova1 of S's finger from the cell.
Every time a blue 1ight appeared, the S knew that within one to fcur
seconds a white 1ight would appear to which he was to respond 1n the
appropriate manner, The S was given eight trials per per19y;"’Fol1ow1ng
each period a red light appeared at which time Ss were either given
consistently poor eva]uat1ons (i.e., negative feedback) of their per-

‘formance or a rest break. The task consisted of‘fbur periods.
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Task'B used the initial procedure of ‘Task A-except-that upon
‘betny-presented with the wh'i‘te's'timulus'tht. 'Ss ware-fristrugted to
move-thetr entire-avm from position A, across the'panel, and continuing
through a~photo’ sensitive celi marked B. Directions emph"as'“iie'di that this
movement should be done very quickly with a sweepl 'rig’mutfon'."

- Apparatus.  A11 control~systems were located in-a ‘sepgwate room.
~The “togic for photocell amplifiers, visual stimali; and titér recorders.
-was programmed into a BRS" Foringer Digilab 'DLC-001 So?fd‘S%ate‘Eﬂgic.
Internal sequencing of the rationale for generation of'aT1”Vf§da1‘st1mu11
was used to insure randomization of presentation. Observation of heart
rate was accomplished by placing an electrode on the §js'Téff é}ﬁ in the
area of the brachial artery. The electrode was held 1n'p1aéé with a
cloth cuff and electrode strap. The Easterline Angus Event Recorder,
model A 620X, monitored heart rate with a paper speed of sik jnghes
perminute. A white noise generator, model 24-21B, with miqrobhone and
two-way output communication, was used to mute outside noise in the
testing room. |

Anxiety measures. The Spielberger, Gorsﬁch, and Lushene (1970)

Trait-State Anxiety Inventory (STAI) was used to measure both aspects
of anxiousness of Ss. The A-State (Form X-1) required the Ss to indi-
cate how they felt "at that moment." The A-Trait (Form X-2) was used

to measure how Ss "generally felt.":

Experimental design. .The multiple treatment design (Campbell
& Stanley, 1963) established pretask baseline measures for state anxiety
and heart rate. This design allowed for the multivariate analysis of

‘within-task changes which resulted from the presentation of various =~ =~ 777
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treatment-conditions. ~The two=treatment'des1gn’contru11éd for the
effect of heart rate increases ‘occurrtng-during the:psychomotor tasks.
The first treatment-group received regative feedback on

performance after each of four-periods”per task; whith was hypothesized
to produce stress w1th‘an'accompanying‘increa§g in heart rate. The
control group was given-a rest interval following each

period; it was assumed that heart rate increases would occur only from
the physical activity"requ1red“fromfthe"tasks;'“A1ong"w1th multiple
measures of heart rate and task performance the STAI A-State Scéie scores
were taken; one during the pretask-period and one at the conclusion of
“each of the task periods. |

Procedure for pretask perfod. Ss were assigned to individual

testing times and treatments which had been randomly generated“prior
to the experfment. At the beginning of the pretask period the electrode
was placed on the upper left arm of the S; following this the purpose
and directions for using the Self-Evaluation Questionnaires (STAi A-Trait
and A-State Scales) were read aloud to each S. Ss in the stress group
were additionally told that their scores were being recorded on a computer
which had been programed to evaluate their perfbrmance as they proceeded
through the program. The Ss were direcféd to answer the STAI A-Trait
Scale and then the first in a series of three A-State self-report forms.
After the first pretask A-State form was finished, the experi-
menter briefly explained when the subsequent forms were to be answered ,
and remained in the testing room while the apparatus procedures were

explained and practice trials completed.
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Procedure for within-task period. After each period of the tasks

negative feedback on performance was given to the stress—grour regardless

of ‘their actual scores. It was necessary to generate-evatuative feedback
'responseS“fbr‘each'task‘centered*upon“the'1nadequacy*o?"th@ﬁ§fs.perform-
ance, speed, speed and performance, and"react1on'time*and/or;movement

time. This negative feedback was given immediately at the.concTusjon of
each period. The nonstress group was given an equal-time intervai of res*
following each period of the two tasks. The first two periods in cach task
were warm-up periods consisting of eight trials each. During this period
Ss were trained by the same method and with the same feedback or rest .inter-
vals that they experienced during periods three and four. At the conclusion
of each task the Ss were directed to resvpond on the STAI A-State Scale
according to how they felt during the task.

Results

Qgpendent variables. The data were organized into three major

saections accbrding to the experimental format shown in Table 1. In the
first section baseline measures of anxiety trait, anxiety state, and
mean heart rate were gathered. Measures within 2ach subsequeﬁg section
included additiona1 variables of performance on the task. The reaction
time and,movement time tasks were measured in milliseconds. ._

Tén dependent variables were analyzed over all subjects in both
groups -using a hultivariate statistical design. These were the STAI
" A-Trait and A-State Scale scores(4), the heart ratés(S). and the reaction

time and movement time measures(3). The multivariate analysis of variance

was~se1ected'because-of‘the}intefdependence of -the-variables, that is, the.......
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. treatment affected state anxiety level, anxiety affected heart rate, with
both affecting task performance. The data analysis on the ten variables
resulted in-a significant difference between the stress‘andinonstress
groups (V> .11, df =-10,1,17, p > .05) (Table 1). To determine which
variables were statistically different, univariate tests were conducted
on each variable plus selected multivariate interaction tests.

Pretask variables. Results of the univariate tests on the two

anxiety measures and heart rate showed that the two groups did not
significantly differ on the pretask variables (p > .05) (Table 1). Since
no standardized norms or other comparable data existed on heart rate

using similar Ss or experimental situations, the pretask means were used
as baselines to interpret heart rate changes ihat occurred in the sub-
sequent periods of the two treatments. The STAI A-State Scale scores

can be compared to previously acquired data. Two past studies (Tennyson &
Boutwell, 1973; Tennyson & Woolley, 1971) had A-State means of 36.2 and
36.6, which are stightly lower to the means of 43.3 (stress group) and
38.5 (nonstrass group). On the 20-point scale, minimum of 20 (low anxiety)
and maximum of 80 (high anxiety), it was assumed that the two anxiety
mean measures showed an average trait and state anxiety level for the two
groups . Thus, prior to the introduction of the stress or nonstress con-

dition the Ss had comparable self-reported anxiety scores and heart rates.

STAI A-State. The measure of S state anxiety was a dependent
function of the type of stress or nonstress condition. A second méésure
of A-State was taken immediately after Task A, with'§§ reporting on how
-they- felt-during the task. ‘The stress'group“had“a“méan"éf‘50.4, an

increase of 7 points over the pretask A-State mean, whi]e“%ﬁé nonstress



*Apn1s Siy3 40 asodund Byl 404 SJNSeEAW Bul|aseq pajedLpul suajsurded YSLIBU] xx

AL JUSEOAOK = W mmewp uoi3oedy = LY €93'Y J4BBY = YH ‘AoLXuy Se3s = S-y {AIalXuy Jledl = I-Y

8°g 'S 90 €0° | L9 1S 20 L8 0°L 5L es

S°101 ¥oF G2 9 | 208 €6 ge 108 '8¢ 8°Ge W
o buon

rAL- SR AV N I N B 9°6 10° '8 M 'L - as

S'€IT 919 SIU° o0¢’ 0°66 ¥°0S 8¢’ ¥’ 98 g'cd 8¢ W
. (0T=N) SS8u3s

mmx mm-< IW th Nmz Nm.< ﬁpm ﬁmz Hm..< 1-v
* * * » »
g jysel v j¥sel jyse3add sdnouy
i

Lo,

SUOL] |PUO) SSBAJSUON Pue SS3U3S Byj ut
sajqeLiep juspusdag 9yl JO SUOLIRIAS(Q PARpURIS pue Suesy

T 378Vl




: f_m1nute for a mean. of- 113, 5. The nonstress group heart

9
group*5“second“meah“Was“39“3‘(Tabﬁ%=1) Using-an- un1vardate test. the
“two groups-were significantly- different on ‘the STAI’ Adstate Scale
scores” (F =" 9,38, df =°1, "1737p">".05). The STAI" A-S*ate Sca1e data
indicated that the’nonstress-S§° reiained constant 1n their se]f-report
of feelings during the tasks~'hoWever. ‘the- stress Ss responded w1th an .

fincrease ‘fneanxiety ‘af ter recedvthg‘negative feedback on their

performafice. - C '.,Hﬁir . &:. .
Heart rate. Ss had their heart rates monitored throughoutbthe
experiment. Heart rates were calculated for each period of the treatment,;f’v»
that is, during the pretask- period, and during the four periods in each of?ﬁﬂ-uﬁ
the two tasks. Peri6ds one and two were considered practice conditwons ._v
for the psychomotor tasks, while per1ods three and four were averaged per ffﬁt;;

task as the dependént variab]es, giving each S three heart rate,measures.,;s

Pretask heart rates were nonsignificantly d1fferent between the two‘groups, ,
even though the mean of 86.4 for the stress group was higher than the SRR

honstress group s mean of 80.1 (p > .05) (Table 1). During Task A the ‘”:i"i
cltl’*"'Lq

was antic1pated that the physical movement of the reaction time task wou1dM‘n‘
increase the heart rate; however, the nonstress group had: the same reading‘ﬂf
for Task A as it did during the pretask;period._ The univariate test on
the Task A heart rates showed: a significant difference between the tho
groups (F = 32.88, df = 1,17; p > .06). L 'f7 -
The movement demands for Task B did affect +he heart rates for

both groups. The stress group had an average increase of 14 5 beats per

';went from a.

Task A medyy. of 80. 2 to 101, 5 for Task B, a 21 3. heart rate 1ncrease fhef‘;
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stress “group-maintained a significantly higher heart-rate(F= 22.06,
df = 1,17; p =.05), but the gap between the groups' heart rates decreased
~during-Task B. .

Reaction and movement”tiié vartables. A secondany concern in.

this study was the performance of the Ss on the psychomotor tasks.

Ss were given eight trials per period, with four periods -per task. As

with the heart rate data analysis, the first two periods;per'task were
considered pract1ce, and for analysis purposes, periods three and four

viere averaged for each task. The Task” A~ reaction time medns (Table 1),
measured in milliseconds, showed that the stress group- (M =".28 msec)
'was-s1gn1f1cant1y faster than the nonstress group (M = .33 msec.)h(£_=

25.90; df = 1,17; p >.05). A similar performance difference resulted

1n Task B, with the stress group having significantly better performance |
times on both conditions of reaction time (stress group M = 30 msect§7" |

ponstress group M = .36 msec.)(F = 18.00; df = 1,173 g,> 05) and -

" . mavement time (stress group M = .15 msec.; nonstress group M= .25 msec )

(F = 18,18; df = 1,17; p > .05) than the nonstress groop : BeCause of

the different movement requirements for Task B, the react1on times: in

:'bothagroups are two to three mﬂHseconds 1ncrements higher than Task A

Interactions. Interactions reported were those selected

) ‘f_fto be 1nterpretab1e 1n terms of the hypotheses 1nvestigated
.‘~;f1nteract10ns using the pretask STAI A-State Sca1e and heart rates w1th

ﬁ;}the Task A A-State?and heart rate- and the Task A reactionvtime were non"
' | The 1nteraction between the groups”'A-State and_;‘
5) . This 1nd1cated

,‘_asures-diq;,
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- not-change significantly from the’ pretask to Task A. However, the-regress-
ion lines showed a significant interaction'when’analyzing'the'pretask A-State
and'heart*rate measures with the equivalent TaskgB"measqreS"(gf}aﬁaltrthe
vslopeS'for'the'stresS‘and nonstress‘grqups 1ncreased7at;d1fferent%levels.

An interaction between the pretask A-State and heart rate measurgs with the
Task B reaction and movement times resulted in ordinal §T°b§5“19;> .76).

" A disordinal interaction occurred between “the Task B measur53{6f A#State

and heart-rate w1th'reaction ‘and movement times (U >‘30) The stress .?

group with a reported A-State mean of 51.6 and heart rate of 113 5 beats/min

‘had a reaction time mean of .30 msec..and a movement time mean offfls_msec, ,j;f:?i?

-while the nonstress group, with an A-State mean of 40 4 and- a heart rate of,‘

101.5 beats/min., had a mean task time of 36 msec° ‘and ,e’”ﬁv‘”

Correlations. The Pretask A-Trait scores and the th*e.,vf";” |

- measure corre]ations demonstrated the 1nconszstency of the Ss self—reportlng
| 1n the two treatment cond1tions (df = 17, g_> °05) The stress group
B corre1at1ons were 29 (A 51), 22 (A 52), and .15 (A-S 3), while the non-elﬁ
stress group had the fb110wing, .60 (A- 51)’ 70 (A-Sz), and .75 (A-S )
However, the pretask A- State corre]ated w1th'the stress group at 73 (A-Sz)

and .66 (A-S ) “but- with the ‘Nonstress ‘group’ atiar and 817 respectively
Heart rate correlations were a]so d1verse in- that the pretask heart rates
for the stress Ss were consistent at .55 (HRZ) and 47 (HR3), w1th the
nonstress Ss showing an opposite trend at .66 (HRZ) and -‘18,(HR3).
Within-task correlations also showed contradictery'resu1ts for the‘tWo :
groups. The only corre]atlon 1n which the groups demonstrated similarity
' Was'in the two A-State_measures (stress group_r_ 97 and nonstress ‘group :

r-= .94). Performance correlations on‘thé*reabtwon'time SCOres in Tasks A m;»'xk o
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and*B“were'comparable'1n*that‘theLStreSS“group“h&d“an'r_= .65°and the
'nonStress“group“rfi“:BSi”“One*ftna1“corre1ation“of imp. » cance was between
the*Task B performance scores (RT2 and MT), where stress Ss showed a

correlation of .75, while the nonstress Ss showed an r of .30.

- Discussion

- The purpose of this study was to investigate the concurvent
correlation of self-report anxiety with heart rate measures,on two‘motor
tasks. Results of the pretask variables of STAI A-Trait"and Aj§tate4
demonstrated that both groups were similar for these measures..’However.
A-Trait was not shown to be a good predjctor of anxiety within motorj |
tasks for the stress group. Since this group was introduced to a-
stressful environment from the beginning of the experiment, and as'pre—

dictive reiiability measures between A-Trait and A-State usua11y yield 3

high correlations in nonstress situations, these differences were hypothe-. -

sized. - The nonstress group 's A-Trait and A-State corre]ations were more
representative of past findings. The 1mpending threat of eva]uatiye feed-
back about performance led to an initial increase’*n the actiVationtof

.},general anxiety potent1a1 These results were also para]leled by the

~ physiological measures which demonstrated that Ss 1n the two groups did _;[f*f

'respond differently to the two treatment conditions.‘f.' L
Performance on the two motor tasks was aIso represented 1n the
_f1uctuations -in A-State and heart rate for both groups Of particular

*,1n00rtance were tiie scores exhibited by the stress group They were

consistently better on both tasks. than the nonstress group The reactive '

"_zeffect of constant negative feedbacx contribc*ed toa performance

- difference that was not noted in the nonstress treatment group.
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The“transitory'nature*of*anxie%y“WOde‘1nd?cate"that"how indi-
viduaTS“perceTVE“the'ciﬁcumstanceS‘shou1d‘be considered. . As Spielberger
(1971)“has*1nd1¢ated,“stress"Which“produces‘thfeatS“tolsélffesteem.
that‘13;“negat1ve'eva1uatjon of performance, should te cbhéideped as
anotherindex of the fitness of a’situation in which an. ind1v1dual might
Tearn or perform a given task. Therefore, the appropr1atepess of
research on anxiety and motor behavior wou1d seem to be rel1ant upon
assessment of the strengths~of” competing and correct responses 0bta1ning
- data~in these situational’ anxiety approaches ameliorates’ optimization of .
potential learning situations and wquld}offer a,morg-sens1tive tool fqr

1nd1v1duajizing strategies and‘eva]dating responses .




14

_ ~ References
Brouha, L., Maxfield, M. E., Smith, P. E., & Stopps, G. J. Discrepancy
1between“heart“raté*aﬁd“bxygen consumption” during work in the wérmth°
Journal of Appligd Physiology, 1963, 18, 1095-1098,

Campbell, D. T., & Stanley, dJd. C. Experimen;gliand qgasi-expériméntal
design for research. Chicago: Rand McNally, 1963.

Carron, A. V. Motor performance under stress. Research Quarterly,

1968, 39, 463, 469.

Castaneda, A. & Lipsitt, P. Relation of stress and.differentiaf position

habits to performance in motor 1earn%ﬁg;wudourna] of Experimental

Psychology, 1971, 57, 25-30.

Datta, S. R., & Ramanathan, N. L. Energy expenditure in work predicted

from heart rate and pulmorary ventilation. Journal of Applied

Physiology, 1969, 26, 297-302.

Di11, D. B. Regulation of the heart. In F. F. Rosenbaum and E. L. Belknap

(Eds.) Work and the heart. New York: Paul B. Hoeber, 1959.

Franks, B. D., & Cureton, T. K. Orthogonal factoks of cardiac intervals

and their response to stress. Research guafterlx. 1968,.§g, 524-532.

- Kephart, N. E. The slow learner in the classroom. Ohio: c.‘E. Merrill,

1960.

St e

T L



15
“Rteffer, L. F., & Tennyson; R:"D.  The Bsychomotor domatn *Int;ractive\

. behavior, “Submitted’ m,)m_ﬂ_ﬁmg_u. we. . \

O‘Neﬂ. HoFuy Sp'lolbergar. C. D., & Hansen, D. N. The affacts of state
mxtctrm* task: dffﬂcu‘lty‘bn‘hbmputer-assistéd*‘lea“m‘l‘ng Journal
offf.‘d_c_, 1969. 5‘0 . 343-350. -

onal_ Psychology, |
. L . o N v‘f‘:"'
0'Netl, H. F. "Effects of:stress on’staté anxiety and-pérformance 1n .
computer-assisted instruction. Journal;of Educational P;x'cholog!.
| 1972. 63, 473-481: o

TR

Ryam, €5 Di TEPCYS OF Seresy-om mtor perfomanci and 1e.m1ng., il
Mﬂw 1962, 33, 111- 1. | I

: Sel.vo. H. 'l’ha s tress:o ‘. llife. New: York: McGraw-H'lH. 1956..

‘::.

51nger. R. N Effects of spectators on atlﬂeus and’ nonathletes o "‘.?g,.' 'f
perfonning a gross motor: task Research guarteﬂx. 1965‘ 36 473-482. i

o "Spiel'bamr. C. b Anxiaty as an. emtional state, In e. . Spialbargar
- esearch. M York,

" (Ed.), An An theory
Academic Press, 1971. o NN
o Speﬂberger. c. Dus Gorsuch. RyLes & quhene...R.-- E. Manual for the

‘ tata-trait anxie 9 ventor N Palo A1to. Califomia. consun(ng o
: Psychologist. 1970. : .

‘Spence. K. W. A thaory of emot‘lonal based drivé and 1ts ra'lationship |
to performance in simp]e leaming situations. : American Psxchologigt,
: 1953. 13. 131-141. : ' '




Spidaatnl

i

16

-Suggs, "C."W., & Splinter; W. E."SomE"phys1oﬂug1ta1'respnnsbS'of man to

workload and environment. Journal of Applied Physiology, 1966, 16,
413-420. '

Taylor, JﬁtA. Drive theory and manifest anxiety. Psychological Bul]etin.
1956, 53, 303-320. |

Tennyson. R. D.. & Boutwell, R. C. Pretask versus within-task, variabIe

measures:in’ predicting performance on two levels of task diff1culty
Journal of Educational Psychology, 1973, in press.
Tennyson, R. D., & Woolley, F. R. The effect of interaction of anxiely
on performance on twe levels of task difficulty. Jogrnal of
Educational Psychology, 1971, §g¢ 463-467.



