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Introduction

Interval training has been widely advocated as an
effective training stimulus (Counsilman, 1968).
Interspersing the exercise bouts with rest periods can
increase the quantity and intensity of exercise than can
be sustained within a given time period (Astrand et al.,
1960; Christensen et al., 1960), presumably since the
rest periods prevent an excess accumulation of lactic
acid (Christensen et al., 1960). In this regard, frequent
short rest periods are more effective than infrequent but
longer rest periods (Muller, 1953).

The duration of the rest intervals, in relation to the
duration and intensity of the exercise bouts, constitutes
an important training variable (Counsilman, 1968). The
principal stimulus for the physiological adaptation to
exercise, however, is the duration of exercise rather than
the duration of the rest periods (Astrand et al., 1960;
Christensen, 1960; Landry, 1967). Yet, the duration of
the rest period can modify, quite dramatically, the
intensity of exercise (Christensen et al., 1960; Karlsson
et al., 1967). It may then be hypothesized that an
interval training programme with long rest periods is less
effective than a similar programme with short rest
periods. The purpose of the present investigation
therefore was to assess the relative effectiveness of two
interval training programmes which consisted of
repeated three minute exercise bouts interspersed with
one or three minute rest periods.

Methodology

Fifteen untrained male volunteers participated in the
investigation (Table 1). The control group consisted of
five subjects and the remaining ten subjects were divided
into two groups which were matched on the basis
of their maximal aerobic capacity. These two
groups trained three times per week for eleven weeks by
stepping on an 18 inch bench. For both groups each
exercise session was composed of ten, three-minute work
bouts. One group rested one minute and the other group
rested three minutes between exercise bouts. The initial
stepping rate was 28 steps per minute and was increased
one step per minute per week. The stepping rate during
the last week of training was 38 steps per minute,
stepping cadence maintained with a metronome.
Criterion measurements were obtained from two
standardized tests. Upon arrival at the laboratory, the
subjects voided urine and were weighed. ECG electrodes
were attached and the subjects rested in a supine
position for thirty minutes. The resting heart rate was
defined as the mean heart rate of the last ten minutes of
rest.

A progressive 'all-out' treadmill run followed the
rest period. This test consisted of repeated five minute
runs at 7 mph, at progressively increased grades, with a
ten minute rest period between runs, until the subject
was unable to complete a run. The treadmill grade was
raised 2.5% between runs. From the first five minute run

IBLE 1

CHARACTERISTICS OF THE SUBJECTS

Height
(cm)

177.6
(167.6-185.4)

182.0
(170.2-195.6)

170.5
(165.2-177.8)

Weight
(kg)

71.3
(63.6-76.1)

74.3
(70.5 -80.4)

69.7
(61.6, 87.6)

349

Group N

Control 5

3 min.
rest

5

1 min
rest

x
range

X
range

range

Age
(Years)

19.4
(18-24)

18.4
(18-19)

19.6
(19-23)

5
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of this test (7 mph, 5% grade), the heart rate recorded
between 4:45-5:00, and the heart rate obtained during
the last 15 seconds of the last full minute of the 'all-out'
run, were designated as the submaximal and maximal
heart rates, respectively. The stability of the
standardized tests was evaluated by retesting one control
and nine experimental subjects prior to training. From
these individuals the lowest heart rates obtained on one
of the two tests were designated as the pre-training data.

Statistical analyses of the data, except for the
test-retest reliability coefficients, were performed with
non-parametric statistics since the groups were small and

heterogeneous. Within-group and between-group
analyses, based on difference scores (i.e., pre-training
minus the post-training results) were performed with the
Walsh test and the Mann-Whitney U test, respectively
(Siegel, 1956).

Results

High test-retest reliability coefficients were obtained
for the submaximal (r = 0.88) and maximal exercise
heart rates (r = 0.78). A moderate test-retest correlation
was found for the resting heart rates (r = 0.58).

ABLE 2

HEART RATES BEFORE AND AFTER AN 11 WEEK REST-VARIED INTERVAL TRAINING PROGRAMME

Resting Heart
Rate (b/min)
Pre Post Diff.

5 X 63.6 64.4 -0.8
SD ±12.1 ±15.1 ±7.1

Submaximal Heart
Rate (b/min)
Pre Post Diff.

184.3 184.3 0.0
+13.7 ±17.5 ±5.4

Maximal Heart
Rate (b/min)
Pre Post Diff.

191.8 193.6 -1.8
±7.8 ±6.8 ±4.9

5 X 64.2 61.4 2.8 187.6 185.8 1.8
SD ±13.3 ±12.5 ±10.1 ±4.4 ±9.1 ±5.0

192.8 193.4 -.06
±9.0 ±8.5 ±8.3

1 min. 5 62.6 52.6 10.Oab 184.4 173.0 11.4abc 199.6 193.4 6.2ab

rest SD ±5.9 ±3.9 ±6.8 ±8.6 ±11.4 ±4.5 ±5.6 ±3.4 ±3.4

a Significant difference within groups (p < 0.06).
b Significant difference between training groups and the control group (p < 0.05).

CSignificant difference between training groups (p < 0.05).

Analyses of the results within each group were based
on difference scores (Table 2). In the control group,
none of the parameters under investigation were altered
significantly (p > 0.06). Significant reductions of the
resting, submaximal and maximal heart rates were

observed in the one minute rest group (p < 0.06). These
parameters were not altered significantly in the three
minute rest group (p > 0.06).

Comparisons among the three groups were also
based on difference scores (Table 2). The changes in the
heart rates of the three minute rest group were not
significantly different from the changes observed in the
control group (p > 0.05). In contrast, the changes in the
resting, submaximal and maximal heart rates of the one
minute rest group were all significantly greater than the
changes in the heart rates of the control group (p <
0.05). Comparisons of the two training groups indicated
that the reduction of the submaximal heart rates was
significantly greater in the one minute rest group than in

the three minute rest group (p < 0.05). Alterations of
the other heart rates were not significantly different (p
> 0.05).

Discussion

The relative effectiveness of two rest-varied interval
training programmes was compared in the present study.
Adaptive heart rate responses to training occurred more
rapidly in the one minute rest group than in the three
minute rest group.

Reductions of heart rates are commonly used to
gauge the effectiveness of various training programmes
(Saltin et al., 1968; Wilmore et al., 1970). The changes
in the resting and exercise heart rates of the one and
three minute rest groups, in comparison to the control
group, were quite different. Significant decrements in
the resting, submaximal and maximal heart rates in the
one minute rest group are consistent with the data from

NGroup

Control

3 min.
rest
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other investigations (Ekblom et al., 1968; Saltin et al.,
1969; Ekblom, 1970). Such reductions have been
associated with concomitant increments in the
arteriovenous oxygen difference (Ekblom et al., 1968),
an increased cardiac stroke volume (Ekblom, 1970), or a
combination of these effects (Saltin et al., 1968).

Assuming that the reduction of heart rates is
indicative of adaptation to training or exercise, no
demonstrable training effect occurred in the three
minute rest group, since none of the criterion heart rates
were altered significantly after an eleven week training
programme. A very definite training effect did occur in
the one minute rest group. However, since only the
changes in the submaximal heart rates were significantly
different in the two training groups, it cannot be stated
conclusively that the exercise regimen with the one
minute rest periods provided more effective training, yet
the trend of the remaining data and the fact that the
three minute rest group behaved like the control group
do suggest that more definitive conclusions may result
if training programmes are continued for longer periods
of time. Pollock et at. (1969) have shown that
meaningful evaluations of different training programmes
require a considerable period of time. Short term
training programmes may not differentiate fully the
physiological alterations associated with training.

There is good reason to believe that training
programmes with short rest periods are more effective
than those with longer rest periods. It has been
demonstrated that the demands on the oxygen transport
system are significantly increased simply by reducing the
duration of the rest interval without altering the exercise
duration or intensity (Christensen et al., 1960; Karlsson
et al., 1967). In addition, the intensity of exercise is the

primary stimulus for the adaptive physiological
responses observed during training (Shephard, 1968; Fox
et al., 1973). Therefore, even though the work rate of
the three minute exercise bouts was identical, it is not
surprising that more pronounced training changes
occurred in the one minute rest group than in the three
minute rest group, since the intensity of training was
more severe in the former group. Results of the present
investigation are in good agreement with those of
Yakovlev et al. (1961). They also found that during an
anaerobic training programme the rate of adaptation of
various physiological and performance variables occurred
more rapidly in a one minute rest group than in a two or
three minute rest group.

There seems to be little doubt that the duration of
the rest period is a critical training variable. The
intensity of training is not governed merely by the
intensity of exercise but the duration of the rest period
must also be considered. The practical significance of
such considerations must not beforgotten. When limited
training time is available, reducing the duration of the
rest period shortens the total time required for training
and at the same time this also provides a more effective
training regimen. Alternatively, within a given time
period more exercise can be performed when rest
periods are shortened. In either instance the rest period
may be used to suit the needs of the coach or the athlete
to achieve an effective training programme.
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