
Respiratory change and mental task gradient 

The proposed connection between mental task difficulty 
levels and heart rate change was examined using a respiration 
measure and pretested intensities of mental task demand and 
white noise for 27 Ss. Similarity of direction and magnitude of 
results between studies based on cardiovascular measures and 
the present respiration findings indicate that conclusions can 
be generalized physiologically. Interpretations were offered 
with respect to the formulations of Lacey and of Malmo. 

Relationships between a number of psychophysiol
ogical indices and ideational activity have been reported 
as early as 1895 (Mentz) and elaborated by Skaggs 
(1930) and by Darrow (1929). Recent investigations 
have centered on the examination of cardiovascular 
changes in relation to behavioral outputs (Lacey et 
al, 1962; Obrist, 1963; Gibson & Hall, 1966; Costello 
& Hall, 1967). Dependence on any Single autonomic 
criterion of behavior change is, however, problem
atical in view of evidence that autonomic system 
measures display both paradoxical and idiosyncratic 
subject variability (sternbach, 1966; Lacey et aI, 1962; 
Malmo, 1965; Ax, 1953, Sehnore, 1959). 

Gibson and Hall observed that the energy demands 
of mental tasks are related to heart rate such that 
weak task demands required greater cardiac bolstering 
than did strong task demands. The present study will 
reassess the posited connection between cardiovascular 
(CVS) change and mental work gradient, and examine 
the directional characteristics of this relationship, 
employing respiration rate as the activation index. 
Respiration indices are especially suited to the pres
ent study because: (1) respiration is known to infludnce 
change in other physiological variables (sternbach, 
1966); (2) heart rate and respiratory changes are 
closely related under a variety of stimulus conditions 
(Westcott & Huttenlocher, 1961); and (3) respiratory 
measures rank with cardiovascular measures as com
paratively reliable and consistent indices of arousal 
(Sehnore, 1959). 
Subjects 

The Ss were 27 students attending the University 
of Calgary (CA ranged from 18 to 25 years). 
Apparatus 

The apparatus was a Grass Model 7 polygraph. 
Respiration rate was recorded using chest bellows 
and a Grass PT-5A volumetric low pressure trans
ducer. White noise, which was transmitted through 
Sharpe HA 10 stereo earphones and wired so that both 
of the S's ears received the same signal, was produced 
by a Maico noise generator. 
Procedure 

Difficulty of mental task was arranged in three 
stages of task intensity: no task, easy task, and dif-
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ficult task. The Ss were required to invent gramma
tically correct sentences of five words, each word 
in the sentence to begin with C for the easy task con
dition and Q for the difficult task condition. A pilot 
study using two samples of 33 Ss was conducted to 
establish relative difficulty of the task letters employed. 
All Ss completed all tasks during the experimental 
session. 

Intensity of white noise was arranged in three 
stages: no noise, distractive noise (85 dB), and noxious 
noise (100 dB). A pilot study was run to determine 
the intensity of distractive noise (i.e., clearly palpable 
but not noxious) and the noxious noise condition. The 
method of limits was used with 25 Ss. 

The Ss were randomly assigned to the nine experi
mental conditions. stereophonic earphones were worn 
by all Ss in a noise controlled environment. The room 
was darkened to decrease visual input. The bellows 
tube was attached around the abdomen or chest area 
of each S. Ss reclined comfortably on an adjustable 
bed, and relaxation was encouraged for 10 min during 
which a basal rate was established. Number of breaths 
per min was used in the analysis of variance (McNemar, 
1962). 
Results and Discussion 

Mental task gradients and respiratory change were 
significantly related, irrespective of background con
ditions (F=10.l, df=2/18, p< .01). Figure 1 shows 
that an easy task is associated with the greatest 
respiratory increase from the base line, whereas 
the most difficult task exacts an increase approxi
mately medial between the no task and easy task 
conditions. Noise levels and task levels are, however. 
not significantly interrelated under respiratory system 
monitoring (F= .96. df=4/18). Respiratory measures 
do not vary significantly across three auditory condi-
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tions (F= .91, df= 2/18). These findings support the 
earlier results of Gibson and Hall and Costello 
and Hall with respect to the connection of task gradient 
and CVS change, but not with respect to the association 
of second source auditory gradient, task levels, and 
CVS change. 

One mechanism underlying a Lacey type problem 
solving situation has been postulated by Malmo (1965). 
He proposed that physiological changes occur in order 
to compensate the cortex so that an even attentional 
level is maintained by it. EEG evidence (Malmo, 1965) 
showed that cortical activity remained relatively con
stant during the sequence when skeletal-motor and 
cardio-respiratory levels displayed progressive rise. 
Adjusting tonic background is perhaps part of the 
physiological activity required to sustain an even or 
at least a task appropriate attentional level from be
ginning to end of task or from task to task. Gibson 
& Hall (1966) had suggested that greater cardiac 
shielding will occur when the energy demands of a 
task are not sufficiently intense to evoke adequate 
attention levels. A Lacey "silent elaboration" mental 
task which was not especially demanding of Ss might 
more easily lead to dissipation of task orientation 
by external or internal stimulus conditions irrelevant 
to the performance of the mental task. 

Similarity of findings between the CVS and respira
tion measures indicate that previous CVS based con
clusions can be generalized physiologically and that 
cardiovascular measures apparently provide a rela
tively sensitive and stable monitor of cognitive and 
arousal phenomena. Further research might manipulate 
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autonomic system activation levels in relation to 
stimulus input-output conditions. 
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