
349

Journal of Strength and Conditioning Research, 2001, 15(3), 349–356
q 2001 National Strength & Conditioning Association

The Effects of Varying Resistance-Training Loads
on Intermediate– and High–Velocity-Specific
Adaptations

KEN JONES,1 PHILLIP BISHOP,2 GARY HUNTER,3 AND GLENN FLEISIG4

1Gardner-Webb University, Boiling Spring, North Carolina 28017; 2University of Alabama, Tuscaloosa, Alabama
35487; 3University of Alabama at Birmingham, Birmingham, Alabama 35294; 4American Sports Medicine
Institute, Birmingham, Alabama 35294.

ABSTRACT

The purpose of this study was to compare changes in veloc-
ity-specific adaptations in moderately resistance-trained ath-
letes who trained with either low or high resistances. The
study used tests of sport-specific skills across an interme-
diate- to high-velocity spectrum. Thirty NCAA Division I
baseball players were randomly assigned to either a low-
resistance (40–60% 1 repetition maximum [1RM]) training
group or a high-resistance (70–90% 1RM) training group.
Both of the training groups intended to maximally accelerate
each repetition during the concentric phase (IMCA). The 10
weeks of training consisted of 4 training sessions a week
using basic core exercises. Peak force, velocity, and power
were evaluated during set angle and depth jumps as well as
weighted jumps using 30 and 50% 1RM. Squat 1RMs were
also tested. Although no interactions for any of the jump
tests were found, trends supported the hypothesis of veloc-
ity-specific training. Percentage gains suggest that the com-
bined use of heavier training loads (70–90% 1RM) and IMCA
tend to increase peak force in the lower-body leg and hip
extensors. Trends also show that the combined use of lighter
training loads (40–60% 1RM) and IMCA tend to increase
peak power and peak velocity in the lower-body leg and hip
extensors. The high-resistance group improved squats more
than the low-resistance group (p , 0.05; 122.7 vs. 116.1 kg).
The results of this study support the use of a combination
of heavier training loads and IMCA to increase 1RM strength
in the lower bodies of resistance-trained athletes.
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Introduction

Competitive sporting activities place great demand
on an athlete’s ability to produce muscular power

(15, 17, 26). Maximizing muscular power against re-
sistance loads and at velocities specific to each sport is
required in various throwing, jumping, striking, and
change of direction activities. During these athletic ac-
tions, an athlete must maximize his or her muscular
output because the time over which he or she can ap-
ply force and accelerate the body or other masses is
minimal. It has been noted that the concentric phase
of a high-velocity jumping activity is often less than
300 ms (19).

Sporting activities also require that power be pro-
duced against varying resistance loads because of the
nature of each activity, such as pitching a baseball (0.14
kg) compared with putting a men’s collegiate shot
(7.27 kg). Success in both pitching a baseball and put-
ting a shot often requires that the athlete generate as
high a velocity as possible. Because of the varying re-
sistances, the velocity of movement will vary (i.e., ve-
locity of movement is higher during a baseball throw
than that achieved during a shot put throw). Power
generated with variations in velocity is referred to as
velocity-specific power.

It is speculated that varying factors in training,
such as resistance-training loads, should accommodate
these differences of velocity and resistances (12–14).
However, resistance-training programs are often de-
signed without regard to the velocity-specific demands
among sporting activities (2, 21, 24). That is, athletes
whose sports are vastly different with regard to exter-
nal resistance loads encountered are typically trained
using only high-resistance loads, and thus low veloc-
ity.

As the external load applied to a muscle increases,
the velocity of contraction of that muscle decreases.
Maximal velocity of shortening occurs when there is
zero external load, whereas with added loads velocity
of shortening decreases proportionally to the total
load (body weight plus external load; 11).
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Table 1. Means 6 SD of the initial physical characteristics
of the training groups (n 5 14 low-resistance group, n 5 12
high-resistance group).*

Measure Mean

Age (y)
Low resistance
High resistance

20.06 6 1.22
20.15 6 1.57

Height (m)
Low resistance
High resistance

1.84 6 0.053
1.82 6 0.054

Weight (kg)
Low resistance
High resistance

81.82 6 11.27
79.02 6 11.14

Years of resistance-training experience
Low resistance
High resistance

3.06 6 0.58
2.91 6 0.67

Beginning squat 1 repetition maximum
Low resistance
High resistance

140.01 6 15.84
139.62 6 12.87

* No significant prestudy group main effect for any mea-
sure was detected (p # 0.05).

Using the load-velocity curve as a reference, Komi
and Hakkinen (17) hypothesized that specific selec-
tions of resistance loads would result in specific neu-
romuscular adaptations with respect to training. That
is, as training loads are selected from the high load
end of the curve, such that training loads are high and
velocity low, the training effect will be primarily in
that part of the curve. If the training resistance load is
nearer the lower load end of the curve, such that train-
ing loads are low and velocity high, the training effect
will be primarily in that particular part of the curve.

The present study was based on evidence that ve-
locity-specific training effects exist, i.e., training veloc-
ity affects optimal power, force, and velocity devel-
opment at or near training velocity (5, 6, 10, 16, 18).
The more a sports action deviates from the training
speed, the less applicable are the power gains to the
sports action (3). Studies concerning velocity specific-
ity of resistance training show that the greatest power
gains occur at or near the training velocity. It should
be noted that most previously mentioned studies used
non–sport-specific isokinetic devices for training and/
or testing, and that these isokinetic devices offered no
eccentric contraction. Also, it is not universally ac-
cepted that velocity specificity of training exists (20,
26).

It has been shown that a major stimulus for the
development of muscular power is the conscious effort
to attempt to produce fast, explosive contractions, re-
gardless of external resistance (22). Some studies pre-
sent experimental evidence that training with intended
maximum concentric acceleration (IMCA) techniques
will result in significantly greater increases in the de-
velopment of muscular power than conventional train-
ing (12–14). IMCA lifting is attempting to lift the re-
sistance as rapidly as possible during the concentric
phase of the lift, regardless of the resistance load.
IMCA techniques were not employed by all training
groups in most of the previous studies; that is, often
the objective of the high-resistance group members
was to exert only enough muscular force to success-
fully complete each repetition. Results from these
studies may have been different if both groups had
used IMCA techniques.

The purpose of this study was to compare changes
in maximum velocity-specific power of resistance-
trained athletes who trained with either low or high
resistances by using tests of sport-specific skills across
an intermediate- to high-velocity spectrum. One rep-
etition maximum (1RM) squats were also evaluated.
No previous study has used the combination of resis-
tance-trained collegiate athletes, IMCA lifting tech-
niques, free weights as the training and testing mo-
dality, and a battery of sport-specific tests that mea-
sured power and the components of power over an
intermediate to high range of velocities. Such compar-
isons may aid in determining a more appropriate

training program for developing velocity-specific per-
formances in sporting activities.

Methods
Approach to the Problem and Experimental Design
A variety of jumping movements were used in the test-
ing. The forces and velocities experienced during test-
ing were similar to those experienced by experimental
groups during training. We hypothesized that these
similar forces and velocities experienced during train-
ing would be reflective in testing, and thus support
the velocity-specificity of training. We felt that these
movements simulated many sport-specific movements
because they were multijointed, lower-body move-
ments. The movements also utilized the leg and hip
extensors and were ballistic in nature. The 1RM squat
was also used during testing in order to evaluate ab-
solute strength.

Subjects
Thirty collegiate NCAA Division I baseball players vol-
unteered to participate in the study. Appropriate In-
stitutional Review Board approval and informed con-
sent was obtained. All athletes were fully informed of
all possible risks and stresses associated with the pro-
ject and signed consent forms prior to participation.
All players were previously resistance trained (Table
1). Thirty players were randomly assigned to 1 of the
2 training groups. Two athletes did not complete the
study because of injuries received in nontraining in-
cidents. Two additional players were unavailable for
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Table 2. Design of the weight program that was followed by the athletes during the training portion of the study.*

Week

1 2 3 4 5 6 7 8 9 10

Sets (full range of motion [ROM]) 3 3 3 3 3 3 3 3 3 3

Sets (partial ROM) 1 1 1 1 1 1 1 1 1 1

Repetitions
Low resistance
High resistance

15
10

15
10

8
5

8
5

8
5

8
5

5
3

5
3

5
3

5
3

Training % of 1 repetition maximum
Low resistance
High resistance

40
70

40
70

45
75

45
75

50
80

50
80

55
85

55
85

60
90

60
90

* The athletes lifted twice per week. Exercises performed were the full Olympic style squat, Romanian dead lifts, and lunges.

jumping posttesting, and 3 additional players were
unavailable for 1RM squat posttesting. Therefore, 26
players (n 5 14 for the low-resistance group and n 5
12 for the high-resistance group) completed the pre-
tests, training, and posttests for jumping tests, and 25
players (n 5 13 for the low-resistance group and n 5
12 for the high-resistance group) completed the pre-
tests, training, and posttests for the 1RM squat. No
players were injured during training or testing. Train-
ing and all testing was performed during the off-sea-
son.

Training Procedures
The training program design was based on principles
of periodization recommended by Stone, O’Bryant,
and Garhammer (25). The high-resistance group
trained used 70–90% of maximal strength for the re-
sistance-training load (Table 2). Experimental evidence
indicates that the use of this range of percentages of
maximal strength can enhance the development of
low-velocity muscular strength (2, 23). Members of the
low-resistance group trained using 40–60% of 1RM for
the resistance-training load (Table 2). There is experi-
mental evidence that indicates that the use of lower
than traditional percentages of maximal strength has
enhanced the development of high-velocity strength
(15, 27).

The 10-week macrocycle was divided into 3 me-
socycles. In an attempt to equalize absolute training
volumes, the number of repetitions varied for the 2
groups. The first mesocycle consisted of a 2-week hy-
pertrophy phase. The second mesocycle consisted of a
4-week basic strength phase. The final mesocycle con-
sisted of a peaking phase (Table 2). Following the last
full range of motion (ROM) set for each exercise, the
athlete performed 1 partial ROM set (14). A partial
ROM set is defined as being a set load that the lifter
will lower until a spotter gives a random verbal com-
mand. On hearing this command, the lifter will im-
mediately stop eccentric movement and attempt to lift

the load as rapidly as possible. Athletes of both train-
ing groups employed IMCA lifting techniques as de-
scribed earlier. It should be noted that when using
IMCA techniques during the squat, some athletes left
the floor because there was no deceleration phase dur-
ing the concentric portion of the lift. The players de-
voted 2 days a week to lower-body exercises. The ex-
ercises performed were the Olympic style parallel
squat, Romanian dead lifts, lunges, and partial squats
(9, 14). Two minutes rest was given between each set
and exercise. Each training session lasted approxi-
mately 55 minutes.

Testing Procedures
All pre- and posttests were performed at the American
Sports Medicine Institute (ASMI) in Birmingham, Al-
abama. An automated motion analysis system (Motion
Analysis, Inc., Santa Rosa, California) was used to
quantify 3-dimensional velocity and displacement
data. A reflective marker was attached to each end of
an Olympic bar (20 kg) and also to a wooden dowel
(2.5 cm diameter, 1.5 m long, 0.5 kg). Video images of
the reflective markers were transmitted from four 60-
Hz charged, coupled device cameras into a video pro-
cessor. Marker images were digitized, and their 3-di-
mensional motion was computed using ExpertVision
3D software. These data were then converted into a
linear motion displacement file. This displacement file
was used to evaluate the beginning time of the eccen-
tric movement, beginning time of concentric move-
ment, and the height of the bar at all times. The points
on this file were then differentiated with respect to
time to create a velocity file. The velocity file was then
differentiated with respect to time to create an accel-
eration file. Two force platforms (model OR-2000, Ad-
vanced Mechanical Technologies, Inc., Newton, Mas-
sachusetts) were used to measure vertical forces. Force
data were collected at 960 samples per second.

Both the motion analysis system and force plat-
form system collected data in 3-dimensional planes.
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The z direction was expressed as the upward move-
ment in alignment with gravity. The data generated in
the z direction were the data evaluated for the present
study. The force platforms and the motional analysis
systems were electronically synchronized, allowing
creation of a power file for each trial by multiplying
the force file by the velocity file. This file provided data
for evaluation of peak power.

Two days before testing (pre and post), each indi-
vidual underwent 4 practice attempts in the counter
movement jump squats (30% 1RM and 50% 1RM),
depth jumps, and set angle jumps. During this practice
time, emphasis was placed on the individual’s learning
the correct method of landing. The purpose of this
training session was to reduce the risk of injury and
to aid in the uniformity of testing techniques. The ath-
letes were pretested on the 1RM squat 1 week before
the jumping pretests and 2 days after jumping post-
tests.

Set Angle Jump. The athlete descended until the an-
gle of the knee was 1408 (as measured by the research-
er using a hand-held goniometer). The center point of
the goniometer was placed at the lateral joint line of
the knee. The distal end of the goniometer was aligned
toward the lateral malleolus, and the proximal end of
the goniometer was aligned toward the greater tro-
chanter. Upon being ‘‘set’’ at this angle, the athlete at-
tempted to jump as high as possible using only con-
centric contractions. Individuals were required to per-
form the vertical jump on the force platform holding
a wooden dowel placed behind the neck at the C-7
vertebrae. Athletes were required to keep their wrists
on top of the dowel such that there could be no up-
ward lift of the dowel by the arms, shoulders, or
wrists. The use of the dowel in this manner reduced
the skill component of the test (i.e., no upward move-
ment with the arms in an attempt to achieve upward
momentum) and increased the reliance on leg extensor
muscles. Reflectors located at the ends of the dowel
were analyzed for linear displacement. In an attempt
to maximize reliability from pretest to posttest, foot
placement (which was determined by the athlete) was
recorded during the pretest and was duplicated for
posttest repetitions. Two practice trials were per-
formed. Following the practice trial, 3 measured trials
were given. Two minutes were given between mea-
sured trials. Recorded measurements for each subject
were determined for the trial, which exhibited the
greatest force output. Peak power, peak force, and
peak velocity were evaluated.

Countermovement Jump Squats With External Resis-
tance. The two resistance loads (30 and 50% 1RM) were
relative to the individual’s pretest 1RM in the squat.
An Olympic bar was placed at the same position as
described for the wooden dowel in the set angle jump.
Reflective markers attached at the ends of the barbell
were analyzed for linear displacement. The athlete at-

tempted to jump as high as possible. One practice trial
and 3 measured trials were given to each individual.
A 2-minute rest was given between each trial. Mea-
surements were recorded by using the trial that pro-
duced the highest total force output. Peak power, peak
force, and peak velocity were evaluated in the study.
In an attempt to maximize reliability for pretest to
posttest, foot placement was recorded during the pre-
test and was duplicated for the posttest.

Depth Jump. The subject stood on a box that was 27
cm in height. The box was centered and placed 15 cm
behind the platform. The athlete stepped off the box,
taking care not to gain additional height, and landed
onto the force platform with both feet simultaneously.
Upon landing on the platform, the athlete attempted
to jump as high as possible. A wooden dowel was held
across the shoulders in the same manner as in the set
angle jump. The athlete performed 2 practice trials be-
fore performing 3 measured trials. Recorded measure-
ments were used from the trial that produced the
highest force output. Peak power, peak force, and peak
velocity were evaluated in the study. A 2-minute rest
was given between trials.

1RM Squat. Although the primary purpose to the
study was to evaluate changes in power and its com-
ponents over a spectrum of velocities, pretest to post-
test changes in the 1RM squat were also included in
this study for comparison to other studies. External
resistance was accomplished by use of Olympic bar-
bells. The bar was placed behind the neck at the C-7
vertebrae. The athlete was instructed to squat until the
top of the thighs were parallel to the ground and then
return to standing position. The lift was performed
inside a power rack. Pretest depth of the bar was re-
corded. During posttests, the depth achieved in the
pretest was marked with adhesive tape across the rack.
For the posttest lift to be successful, the lifter descend-
ed until the bar made contact with the tape and then
stood erectly. Speed of the lift during testing was not
emphasized. In an attempt to maximize reliability
from pretest to posttest, both the foot placement and
the depth of the bar were recorded and thus dupli-
cated for posttest repetitions. Athletes were given time
as needed to fully recuperate from test repetitions
(from 3–5 minutes). Athletes were also given as many
test repetitions as needed to achieve a 1RM. The num-
ber of test repetitions varied from 3 to 5 for both pre-
and posttesting.

Statistical Analyses

Data from pretest to posttest changes for all tests were
investigated by use of a 2-factor repeated-measures
analysis of variance (ANOVA) test for significance. As-
sumption of homogeneity of variance was also inves-
tigated. Pretraining values for demographics and tests
measuring power were evaluated for between-group
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Table 3. Means 6 SD, absolute changes, and percentage of changes of peak power (n 5 14 low-resistance group, n 5 12
high-resistance group).†

Test
Pretest mean

(W)
Posttest mean

(W)
Change

(W)
Percentage

change

Group 3
treatment

(p)
Treatment

(p)

Depth jump
Low resistance
High resistance

4384 6 730
4651 6 1042

4768 6 899
4998 6 638

1384
1347

18.7
17.4

0.931 0.102

Set angle jump
Low resistance
High resistance

4949 6 1107
5469 6 1486

5100 6 691
5384 6 1248

1151
285

13.0
21.2

0.572 0.873

30% 1RM jump
Low resistance
High resistance

4019 6 716
4203 6 777

4257 6 503
4414 6 924

1238
1211

15.9
15.0

0.983 0.032*

50% 1RM jump
Low resistance
High resistance

3928 6 943
3963 6 788

4394 6 662
4079 6 387

1465
1116

111.8
12.9

0.208 0.046*

† 1RM 5 1 repetition maximum.
* Significant treatment main effect detected (p # 0.05).

differences by use of independent Student t-tests. Al-
pha for all evaluations was set at p # 0.05.

Results

Regarding the assumption of homogeneity of cells, no
significant differences were found among cells. By use
of box plots, no pattern for outliers was revealed for
any measure. There was no group effect revealed for
any of the measures.

Changes in Peak Power
Peak power production in the set angle jump, depth
jump, and the 30 and 50% 1RM squat jump are pre-
sented in Table 3. There was no significant group 3
treatment interaction for any test. However, there were
trends within all 4 tests favoring the low-resistance
group over the high-resistance group (depth jump 8.7
vs. 7.4%; set angle jump 3 vs. 21.2%; 30% 1RM jump
5.9 vs. 5.0%; and 50% 1RM jump 11.8 vs. 2.9%, re-
spectively). There was no significant difference for
treatment main effect for the set angle jump and for
the depth jump with regard to power production.
However, for the 30% 1RM squat jump and the 50%
1RM squat jump, there were significant differences
within the groups with regard to pretest to posttest
changes in performance measures.

Changes in Peak Velocity Production
Peak velocity production in the set angle jump, depth
jump, and the 30% 1RM and 50% 1RM squat jump are
presented in Table 4. There was no significant group
3 treatment interaction for any test. However, there
were trends in 3 of 4 tests in which the low-resistance

group increased more than the high-resistance group
(set angle jump 4.8 vs. 29.0%; 30% 1RM jump 12.4 vs.
6%; and 50% 1RM jump 2.6 vs. 21.3%, respectively).
There was a significant difference for the depth jump
with regard to pretest to posttest measures for treat-
ment main effect.

Changes in Peak Force Production
Peak force production in the set angle jump, depth
jump, and the 30% 1RM and 50% 1RM squat jump are
presented in Table 5. There was no significant group
3 treatment interaction for any test. However, there
were trends in 3 of 4 tests in which the high-resistance
group increased more than the low-resistance group
(set angle jump 9.7 vs. 23.2%; 30% 1RM jump 2.2 vs.
20.7%; and 50% 1RM jump 6.9 vs. 5.3%, respectively).
For the 50% 1RM squat jump and the set angle jump,
there were significant differences within groups in re-
gard to pretest to posttest measures.

Changes in the 1RM Squat
Masses lifted during the 1RM squat are presented in
Table 6. There was a significant group 3 treatment
interaction favoring the high-resistance group over the
low-resistance group (16.3 vs. 11.5%, respectively).
This interaction was interpreted as a significant differ-
ence between the groups with regard to pretest to
posttest changes in the performance measures. It is
also noted that the low-resistance group’s increase was
significant (16.1 kg; 11.5% increase).

Discussion
The purpose of this study was to compare changes in
velocity-specific adaptations of moderately resistance-



354 Jones, Bishop, Hunter, and Fleisig

Table 4. Means 6 SD, absolute changes, and percentage of changes of peak velocity (n 5 14 low-resistance group, n 5 12
high-resistance group).†

Test
Pretest mean

(m·s21)
Posttest mean

(m·s21)
Change
(m·s21)

Percentage
change

Group 3
treatment

(p)
Treatment

(p)

Depth jump
Low resistance
High resistance

3.35 6 0.51
3.18 6 0.66

3.57 6 0.21
3.45 6 0.29

10.22
10.27

16.6
18.4

0.828 0.031*

Set angle jump
Low resistance
High resistance

2.71 6 0.51
2.88 6 0.56

2.84 6 0.46
2.62 6 0.38

10.12
20.26

14.8
29.0

0.115 0.714

30% 1RM jump
Low resistance
High resistance

2.42 6 0.46
2.47 6 0.34

2.71 6 0.30
2.63 6 0.45

10.30
10.15

112.4
16

0.182 0.167

50% 1RM jump
Low resistance
High resistance

2.30 6 0.27
2.30 6 0.35

2.36 6 0.23
2.27 6 0.15

10.06
20.03

12.6
21.3

0.626 0.995

† 1RM 5 1 repetition maximum.
* Significant treatment main effect detected (p , 0.05).

Table 5. Means 6 SD, absolute changes, and percentage of changes of peak force (n 5 14 low-resistance group, n 5 12
high-resistance group).†

Test
Pretest mean

(N)
Posttest mean

(N)
Change

(N)
Percentage

change

Group 3
treatment

(p)
Treatment

(p)

Depth jump
Low resistance
High resistance

1559 6 274
1649 6 246

1602 6 301
1694 6 287

143
145

12.7
12.7

0.972 0.200

Set angle jump
Low resistance
High resistance

2033 6 319
2077 6 336

1967 6 266
2279 6 357

266
1202

23.2
19.7

0.000* —

30% 1RM jump
Low resistance
High resistance

1736 6 348
1729 6 179

1724 6 235
1768 6 208

212
139

20.7
12.2

0.491 0.705

50% 1RM jump
Low resistance
High resistance

1782 6 384
1828 6 256

1881 6 246
1955 6 157

195
1127

15.3
16.9

0.732 0.027**

† 1RM 5 1 repetition maximum.
* Significant group 3 treatment detected (p # 0.05).
** Significant treatment main effect detected (p # 0.05).

trained athletes who trained with either low or high
resistances. Tests of sport-specific skills across an in-
termediate- to high-velocity spectrum were used to
evaluate these changes. No previous study had used
the combination of moderately resistance-trained col-
legiate athletes, IMCA lifting techniques, and free
weights as the training and testing modality. The pre-
sent study attempted to maximize external validity
with regard to training and testing procedures. Both

training and testing were highly applicable to athletes
and athletic performances. The duration of training
was similar to that of most intercollegiate baseball
team’s off-season training programs.

The results of this study support specificity of
training velocity for resistance-trained college baseball
players. The high-resistance group increased squat
1RM more than the low-resistance group. The high-
resistance group also displayed a strong trend for larg-
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Table 6. Means 6 SD, absolute changes, and percentage of changes of 1 repetition maximum (1RM) squat (n 5 13 low-
resistance group, n 5 12 high-resistance group).

Test
Pretest mean

(kg)
Posttest mean

(kg)
Change

(kg)
Percentage

change

Group 3
treatment

(p)

1RM squat
Low resistance
High resistance

140.0 6 25.8
139.6 6 12.9

156.1 6 22.1
162.4 6 14.3

116.1
122.7

111.5
116.3

0.046*
—

* Significant group 3 treatment interaction between groups.

er increases in peak force than the low-resistance
group during the jumping tests. In addition, the low-
resistance group displayed a strong trend for larger
increases in peak power and peak velocity at testing
resistances specific to training resistances (i.e., 30 and
50% 1RM squat) than the high-resistance group.

Although the purpose of this study was to compare
the 2 training groups, it is interesting to note that the
low-resistance group athletes significantly increased (p
, 0.05) their 1RM squat from pretest to posttest (pre-
test 140 6 25.8 kg; posttest 156 6 22.1 kg). It has often
been felt that increased absolute strength only occurs,
especially with trained athletes, at training intensities
above 70% (2). It is noted that the total force while
performing a lift is equal to the load (mass of system
times the acceleration due to gravity) plus the mass of
the system times any additional acceleration that is ap-
plied to the system during the lift. It is possible that
inclusion of IMCA techniques may have increased rel-
ative tension in the muscle enough to stimulate abso-
lute strength adaptations due to high forces encoun-
tered during training sessions. This is only speculation
since training forces were not measured. The possible
combination of the mechanisms of the initial prepro-
grammed burst of EMG activity, synchronization of
motor units, muscular adaptations, and the subse-
quent servo-loop feedback system while using IMCA
techniques could explain the achievement of a high de-
gree of force, which can be generated through use of
a submaximal resistance load (1, 4, 7, 8). This is only
speculation, because the study did not use EMG de-
vices during training or testing.

Although the difference between groups with re-
spect to peak power failed to reach a statistical signif-
icance, most percentage gains were in the expected di-
rection regarding velocity-specific training adapta-
tions. That is, the depth jump, set angle jump, and the
30% 1RM and 50% 1RM jump showed tendencies to-
ward greater peak power development in favor of the
low-resistance group over the high-resistance group.
Resistances for these tests were either in or below the
training load ranges experienced by the low-resistance
group. These trends would tend to support the hy-
pothesis that training is velocity-specific (i.e., training

with low resistances and thus intermediate- to high-
velocity will improve high-velocity peak power more
so than training with high resistances and thus low
velocities when performing high-velocity tests). Train-
ing effects that may have produced higher gains over
a longer training period may have possibly yielded
statistically significant differences. The failure to find
a significant difference between groups with regard to
power could also be in part due to the fact that both
force and velocity are factors of power (power 5 force
3 velocity). That is, if 1 group increased its force pro-
duction more than a second group, yet the second
group increased its velocity production more than the
first group, the power production increase may be sim-
ilar for both groups.

Percentage mean changes of peak velocity indicate
the trend that in 3 of 4 tests (set angle jump, 30% 1RM
jump, and 50% 1RM jump), peak velocity increases fa-
vored the low-resistance group over the high-resis-
tance group (Table 4). The exceptional test was the
depth jump. The percent change improvement of the
high-resistance group over the low-resistance group
could be due to the favorable adaptations of propri-
oreceptors and thus the stretch shortening cycle. Per-
centage gains in Table 5 indicate the trend that percent
mean changes of peak force favored the high-resis-
tance group over the low-resistance group in all tests.

Trends seen in Tables 3, 4, and 5 with regard to
percentage gains do support the findings of studies
that suggest that training is velocity-specific with re-
gard to adaptations of power (5, 6, 10, 16, 18). Al-
though tests of power failed to yield significant chang-
es, trends indicated use of IMCA lifting techniques and
low-resistance loads (40–60% 1RM) may increase peak
power and peak velocity over a range of velocities dur-
ing jumping exercises more than the use of high resis-
tance (70–90% 1RM). Trends also seem to indicate that
to increase peak force over a range of velocities during
jumping exercises, it may be best to train using IMCA
techniques with higher resistance loads than with low-
er resistance loads. It is also noted that although no
significant difference between group 3 treatment was
found in 11 of 12 tests of peak power, peak force, and
peak velocity, there may be sufficient evidence to sup-
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port practical significance. Furthermore, results also
indicated that training with a high resistance load (70–
90% 1RM) may be better for developing absolute low-
er-body strength (1RM squat) than the use of a lower
resistance load (40–60% 1RM). This is consistent with
the concept of specificity of training in that heavy
loads (70–90% 1RM) are closer to the 1RM load than
lighter loads (40–60% 1RM).

Practical Applications

The trends found are supportive of specificity of train-
ing. Greater increases in absolute strength as well as
trends for increasing peak power occur with high-re-
sistance training (70–90% 1RM). Trends for greater in-
creases in peak velocity and power with moderate re-
sistance testing (30% and 50% 1RM) occurred within
the low–resistance-training group (40–60% 1RM).
Since both groups used IMCA lifting techniques in
their training, these results only are applicable to ath-
letes who attempt maximum acceleration with each
repetition.
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