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ABSTRACT 

 

It is well known that chronic resistance exercise training (RET) generates increases in muscular 

strength and that a variety of factors influence these gains, including neurological adaptations. 

Neurological adaptations to RET are a result of changes in motor programs, therefore it would be 

expected that variables which optimize motor learning would result in a higher amount of 

acquisition of skill and strength during the early stages of training. While this has been 

researched in some areas, one aspect of motor learning that has yet to be looked at in RET is 

blocked versus random practice. PURPOSE: To investigate the effects of blocked versus 

random practice during the implementation of an RET program to see which form of practice is 

better for skill acquisition and for strength gains. METHODS: Twenty four healthy, college-

aged males (n=15) and females (n=9) were randomly assigned to one of three experimental 

groups: Control, blocked practice (BP), and random practice (RP). Individuals in the treatment 

conditions performed the bench press as well as dart-throwing with their non-dominant arm in 

either a BP or RP format during a 4-week training program. One repetition maximum (1RM) 

strength and movement component checklist scores were used to assess the acquisition of 

strength and skill of the bench press. Dart-throwing performance was also measured by 

calculating the constant error (CE) and variable error (VE) of the scores during the testing 

period. Measurements were taken at pretest, 1 week, 2 weeks, posttest, and at a retention test 9 

days after the posttest. Repeated measures analysis of variance was used to evaluate the data. 

RESULTS: Strength increased significantly from pretest values in all groups but there were no 

differences in 1RM strength among groups. In the BP group, checklist scores were significantly 

higher than the control group at 1 week (12 ± 1 vs. 9 ± 2) and 2 weeks (12 ± 2 vs. 8 ± 3). In the 

RP group, checklist scores were also significantly higher compared to the control at 1 week (11 ± 

2 vs. 9 ± 2) and 2 weeks (12 ±1 vs. 8 ± 3). Additionally, checklist scores were significantly 

higher in RP than control during the posttest (13 ± 0.5 vs. 9 ± 3) and retention test (12 ± 0.7 vs. 9 

± 3). There were no differences in scores between BP and RP. There were no differences 

between groups in CE and VE scores. CONCLUSIONS: RP seemed to cause a higher retention 

of the bench press movement after training that was absent in the other conditions, but there is 
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insufficient evidence at this time to conclude that one form of practice was superior to the other 

in terms of the acquisition of skill or strength of the free weight bench press. 
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CHAPTER I 

INTRODUCTION 

 

Resistance exercise training (RET) is one of the most popular and applied forms of 

physical activity, used to enhance athletic performance, enhance skeletal muscle health, alter 

body composition and improve overall functionality (1, 6, 23, 42, 53). Chronic RET generates 

marked increases in muscular strength (1, 6, 23, 55, 59), which are attributed to a variety of 

morphological and neurological adaptations. The health benefits of RET include serving as a 

countermeasure to any occurrence where muscle weakness compromises functionality, such as 

sarcopenia, neuromuscular disorders, and injuries. RET also has a positive influence on 

metabolic and skeletal health (23). 

 As stated above, there are a variety of factors which influence gains in strength that result 

from RET. Acute training variables that influence strength gains include the choice of exercise, 

order of exercise, number of sets performed, rest period lengths and the resistance used or 

intensity of exercise (42). There are several morphological adaptations to RET that result in 

strength gains. One of these adaptations is increases in cross-sectional area of the muscle 

resulting from increases in myofibrillar size and number (59). Additionally, satellite cell 

activation and proliferation is highly involved in the muscle hypertrophy process (31, 64). Other 

possible morphological adaptations include changes in fiber type and myofilament density (23).  

Neurological adaptations are changes in coordination and learning that facilitate 

improved recruitment and activation of the involved muscles during a specific strength task (23). 

Neural adaptations dominate early changes in strength in a RET program (55, 66). When neural 

adaptations reach a plateau, muscular adaptations are the main contributors to increases in 

strength. The literature seems to indicate that the majority of neural adaptations take place within 

the first 6 weeks of RET (59, 66).  

Neurological adaptations to RET include increased motor unit recruitment, the cross-

education effect, synchronous firing of motor units, increasing firing rates, increasing rate of 

force development, lower inhibitory mechanisms, changes in the neuromuscular junction and a 

decrease in the activation of antagonist muscles. The instructions for these central changes are 

stored in motor programs or unconscious stores of motor memory. Thus it would be expected 
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that variables that optimize motor learning should result in optimal strength gains, particularly 

during the early stages of training.  

 For example, one variable that has been examined is the effect of massed versus 

distributed practice during RET. Massed practice can be defined as practice in which work is 

longer than rest periods, whereas distributed practice is practice in which the work is often 

shorter or equal to the rest periods (68). There have been several studies looking at the effects of 

massed versus distributed practice on RET and these have repeatedly found distributed practice 

to result in greater strength gains (28, 41, 51, 63). Another aspect of motor learning, variable 

practice, in which training goals are varied from trial to trial during practice (68) has shown to be 

better for learning in sports skills such as shooting a basketball (44) as well as improving 

strength gains in a RET program (35) compared with constant practice, where the same skill is 

performed repeatedly without variation (68). 

 However, one aspect of motor learning that has yet to be looked at in RET is blocked 

versus random practice. Blocked practice is defined as a practice sequence in which all of trials 

on one particular task are done together without interruption by practice or interference of 

another task (68). For example, if someone who is involved in RET went to the gym and wanted 

to perform 3 sets each of leg extensions and hamstring curls, a blocked schedule would involve 

performing 3 consecutive sets of leg extensions before moving on and performing 3 consecutive 

sets of hamstring curls. Random practice is defined as a practice sequence in which two or more 

tasks are done randomly across trials; in other words, when trials are never performed more than 

once in order (68). Using the example from above, a randomized schedule would involve 

switching exercises after each set; for example: 1 set of leg extensions, followed by 1 set of 

hamstring curls. This sequence would then be repeated two more times. Previous studies that 

have evaluated performance in tasks other than RET have repeatedly shown random practice to 

be better than blocked practice at skill acquisition, such as baseball batting skills (30), 

handwriting performance (79), a bimanual coordination task (80), kayaking skills (74), volleyball 

skills (13), and rifle shooting (15). 

 The key difference between blocked and random practice is the amount of interference 

generated due to the context under which the skills were being learned- a term called contextual 

interference (8, 68). The idea of contextual interference (CI) was first introduced by the cognitive 

psychologist William Battig. Battig hypothesized that intertask facilitation can be enhanced by 
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intratask interference (8). Intertask facilitation refers to the transfer of learning one motor task to 

other motor tasks and intratask interference refers to the interference of trying to keep multiple 

items in the working memory at one time (8, 68). Battig also said that CI produced decrements in 

performance during initial practice, but somehow made the learning of tasks or skills (i.e. 

retention) more effective (8, 68). 

 Because of the specific format of each practice schedule, blocked practice is said to have 

low CI whereas random practice has high CI. Because of the difference in levels of CI, blocked 

practice is said to enhance performance during initial practice, but is less effective for the long-

term learning of tasks. On the other hand, although random practice produces decrements in 

performance during practice, it facilitates the learning and acquisition of tasks as seen in 

retention or transfer tests (68). 

 

Purpose of the Study 

 Therefore, the purpose of this study was to investigate the effects of blocked versus 

random practice during the implementation of an RET program to see which form of practice is 

better for skill acquisition and for increasing strength gains.   

 

Research Hypotheses 

 Hypothesis 1: Resistance exercise training will have an effect on the acquisition of skill 

and strength in the random practice and blocked practice groups compared to the control group 

on the bench press as measured by a movement component checklist and a one repetition 

maximum (1RM) test, over time, during and after their RET program.  

 Hypothesis 2: The random practice group will demonstrate a higher acquisition of skill 

compared to the blocked practice group on the bench press as measured by the movement 

component checklist, over time, during and after their RET program. In other words, the random 

practice group will have a lower amount of errors in bench press technique compared to the 

blocked practice group.   

Hypothesis 3: The random practice group will have higher strength gains when 

compared to the blocked practice group on the bench press as measured by the 1RM test, over 

time, during and after their RET program.  
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Hypothesis 4: The random practice and blocked practice groups will achieve higher 

performance scores on the dart-throwing test when compared to the control group, over time, 

during and after their training program. Additionally, the random practice group will have higher 

performance scores on the dart-throwing test compared to the blocked practice group during and 

after their training program.  

 

Assumptions 

The following assumptions for this study included: 

1) All participants would accurately report their past and current exercise histories. 

2) Participants would accurately report their past and current health condition. 

3) Participants would accurately report that they had little or no previous experience (5 

times or less overall, none within at least the past 3 years) performing the free weight 

bench press 

4) Participants would accurately report that they had no previous RET experience within the 

past year. 

5) Participants would accurately report that they had no previous experience throwing darts 

with their nondominant arm. 

6) Participants would follow the instructions given to them regarding maintaining their 

current lifestyle outside of the prescribed exercise program.  

 

Delimitations 

The delimitations for this study included: 

1) Twenty-four untrained, healthy college-aged males and females between the ages of 18-

26 years with little or no previous experience performing the free weight bench press 

would be recruited from The Florida State University. 

2) Participants would be healthy, eumenorrheic (if female), and would not have any 

underlying diseases or medical conditions that would prevent them from performing any 

exercise testing required in this study.  

3) Participants would be free of any upper extremity musculoskeletal injuries for at least 1 

year. 
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4) During the study the participants would not change their diets in any way or start any 

additional exercise programs outside the laboratory. 

5) Participants would not engage in any dart-throwing outside of the laboratory.  

6) Participants would be randomly assigned into either a control, random practice, or 

blocked practice group. 

7) Participants would have their bench press technique scored using a movement component 

checklist before, during and after training at various time points.  

8) Participants’ 1RM strength and scores on the dart-throwing performance test would be 

measured before, during and after training at various time points. 

 

Limitations 

The major limiting factors of this study included: 

1) Participants were recruited from the Tallahassee, FL area. The participants of this study 

were volunteers and therefore may have been highly motivated and looking for exercise 

benefits. All of these factors may signify that the results would not be indicative of the 

entire population. 

2) Bias existed in this study. There was geographical bias due to participants being only 

from the Tallahassee, FL area. Bias also existed as the motivations for participation in the 

study may have been different compared to the general population.  

3) There are variables outside of the laboratory control which may have affected the 

learning and/or acquisition of strength from the bench press that could have influenced 

the results (i.e. genetics, lifestyle choices, and motivation level).  

4) Diet, sleep and other out-of-laboratory activities could not be controlled and may also 

have affected the results.  

 

Definition of Terms 

Blocked Practice (BP): A practice sequence in which all of the trials on one task are done 

together, uninterrupted by practice on any of the other tasks; low contextual interference 

(68). 

Constant Error (CE): The average error of a set of scores from a target value; a measure of 

a participant’s average bias and accuracy (68). 
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Contextual Interference (CI): The interference in performance and learning that arises from 

practicing one task in the context of other tasks (68). 

Distributed Practice: Practice in which the rest periods are longer than or equal to the work 

periods (68). 

Intertask Facilitation: The transfer of learning that one task has on the effect of another task 

(9).  

Intratask Interference: The hindrance caused by attempting to keep several items in the 

working memory at one time (9).  

Massed Practice: Practice performed in which the work is longer than the rest periods (68). 

Random Practice (RP): A practice sequence in which the tasks being practiced are ordered 

randomly across trials; high contextual interference (68).  

Variable Error (VE): The standard deviation of a set of scores about the participant’s own 

average score; a measure of movement consistency (68). 

One repetition maximum (1RM): The maximum weight that can be successfully lifted 

through the full range of motion. The 1RM is usually assessed to identify one’s strength for 

that exercise (65). 
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CHAPTER II 

REVIEW OF LITERATURE  

 

Evidence for the Existence of Neurological Mechanisms 

The idea of the existence for neural mechanisms in improving strength with RET comes 

from three observations: The disproportional increase in muscle strength compared to muscle 

hypertrophy during the early part of a RET program (23, 66); the overall extent of the increases 

in strength, which can only be partly explained by muscle hypertrophy (66); and the cross-

training or cross-transfer effect in which training one limb causes a subsequent increase in 

strength in the untrained limb (24, 66). Thus, there is little doubt that neurological factors play a 

role in muscle strength gains, particularly in the early phase of RET (24).  

Moritani and deVries (55), investigated the time course of strength gains and 

contributions of both neurological and hypertrophic factors. They hypothesized that the early 

changes in strength were due mainly to neural factors with hypertrophic factors gradually 

increasing their role in strength gains as training continued. Seven young males and 8 young 

females had their right and left elbow flexor muscle groups tested isometrically at submaximal 

and then at maximal strength, in which electromyography (EMG) activity was taken. Their 

results showed that neurological factors contributed to strength development during the early 

stages of strength gains, and then hypertrophic factors became the primary contributor after 3 to 

5 weeks. In addition, there was a significant strength gain in the untrained flexor muscle group 

(cross-training effect) which could not be explained by muscle hypertrophy due to the fact that 

muscle cross-sectional area was not significantly altered (55). It is very likely that this significant 

increase in strength in the untrained muscle group was caused by neural factors which raised the 

muscle activation level (55).  

Besides the study by Moritani and deVries, Kamen (40) sought to investigate the static 

force-time curve of the plantar flexor muscles over 6 days of training. Twelve college aged males 

performed 3 maximal contractions of the plantar flexors on each day over the 6 day training 

period, with the subjects being instructed to perform each contraction as rapidly as possible. 

Significant increases in maximal plantar flexor strength occurred over the 6 days, but there were 

no changes observed in the maximal rate of tension development. There was a change in the 

shape of the static force-time curve that was due to higher increases in force output during the 
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early time intervals on the first few days of testing compared to the latter days of the study 

period. These results suggested that this change in the curve is due to underlying neurological 

mechanisms that help in the acquisition of maximal strength (40). 

Narici et al. (56) trained 4 healthy young male subjects for 60 days of unilateral strength 

training and then 40 days of detraining. During the beginning of their program, and after every 

20
th

 day of training and detraining, maximal voluntary contraction (MVC), EMG and muscle 

cross-sectional area (CSA) of the quadriceps were measured. After 60 days of training, the 

increase in quadriceps CSA (8.5%) was less than half of the increase in MVC (20.8%). The 

increase in MVC was equal to half of the increase in EMG activity (42.4%). There results 

showed that factors other than those due to hypertrophy were involved in the rapid increases 

observed in strength, and are caused by increases in neural factors related to RET (56). Other 

studies have shown that there are small, non significant changes in muscle hypertrophy during 

the first few weeks of RET but these changes do not explain the large increases that are seen in 

strength (5, 32, 78). Another observation made by Moritani and deVries (55) during their study, 

discussed earlier, was that increases in the amplitude of EMG signals appear a long time before 

any increases in the size of the muscle occur. Numerous studies have found increases in the 

amplitude of EMG recordings during RET, especially during the first few weeks (2-3, 20, 29, 55, 

58).  

Another line of evidence for the existence of neurological mechanisms is imagined 

contractions. Imagined contractions have been shown to increase strength and imagery studies 

have shown that imagined contractions produce similar activation of anatomical substrates 

similar to the activation that occurs during regular movements (90-91). Taken one step further, 

Zijdewind et al. (91) investigated the effect of imagery training on the torque of the plantar-

flexor muscles of the ankle and found significantly higher strength increases compared to a 

control and even a low-intensity strength training group after 7 weeks of training.  

Imagery training effects may be caused by the cognitive component of learning a task 

(91) or from central nervous system activity (90-91). There is evidence that not only the muscle 

fibers are driving increased force production, but that neural mechanisms acting upon the muscle 

fibers are being altered (91). Changes in the neural control of muscles may explain the effect of 

imagery training on force production by modification of muscle coordination or by increases in 

the activation levels of the targeted muscles (91). 



9 
 

Interestingly, a study by Cramer and colleagues (17) found that imagery training 

significantly increased magnetic resonance imaging (MRI) activation in areas of the brain 

associated with motor learning during attempted right foot movement in both a healthy male 

control group and another group of spinal cord injury males who were unable to physically move 

their feet. These results showed that imagined contractions activate certain neurological 

components that are independent of physical activity, and these contractions can be an effective 

intervention in physically rehabilitating or disabled populations (17). The clear increases in 

strength that are shown by imagined contractions in the absence of actual RET provide evidence 

for adaptations in strength that are not morphologically based, that is, neurological adaptations. 

The final point of evidence for the existence of neurological mechanisms comes from the 

notion of specificity of training. Specificity refers to the notion that the underlying attributes of a 

task are specific to that task and are not transferable, that is, task-specific (22-23). Training that 

is specific to a particular athlete’s sport is an essential part of any preparation for competition 

(22). With regards to sport specific training, including RET, the velocity and movement should 

match the setting as closely as possible to optimize transfer to performance (22).  

Nozaki et al. (58) examined the amount of hip joint torque generated with the knee joint 

muscles and what its influence was on the activity of the knee joint muscles. Twelve healthy 

male subjects exerted various levels of isometric knee joint torque. The amount of hip joint 

torque that was produced during the movement varied among subjects, which indicated different 

strategies were adapted to complete the task (58). When some subjects tried to generate only 

knee joint torque, hip joint torque was also observed, and this relationship between knee and hip 

joint torque differed from subject to subject. Also, some subjects did not have a constant ratio of 

hip joint torque to knee joint torque, as it varied from trial to trial. The results indicated that the 

relative contribution of each muscle to achieving a particular level of knee joint torque can vary 

between subjects and from trial to trial. Even during single-joint actions such as knee extensions, 

both joint torques need to be taken into account due to neural factors that help determine muscle 

strength during RET (58). This means that even simple tasks require some amount of skill in 

order for the muscle strength training to be efficient and reliable (58). 

Dinn and Behm (22) performed a study to look at whether ballistic intent (isometric 

training) was as effective as ballistic movement (dynamic training) in improving muscle 

activation, force output, movement time and reaction time. Subjects did 8 weeks of punch 
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training using either elastic resistance bands in the dynamic group or an unyielding strap in the 

isometric group. Measurements included isometric force production, EMG activity of the triceps, 

biceps, pectoralis major and latissimus dorsi muscles, a quick-hands test of coordination and 

movement and reaction times of both arms. There were training specific increases in EMG 

activity, with the triceps EMG activity increasing significantly in the isometric group while the 

pectoralis major EMG activity increased significantly in the dynamic group. Movement time 

significantly decreased in the dynamic group but not in the isometric group. The most important 

finding in this study was dynamic training improved movement speed, whereas there was a 

decrease in the rate of coordinated movement after isometric training (22). These findings 

suggest that dynamic rather than isometric (static) training is vital for increasing movement 

speed and improving punching ability for sports in which this is an important component such as 

martial arts and boxing (22). 

Besides Dinn and Behm, other studies have shown that there is a specificity of training 

and that this specificity is due to neural mechanisms. David and colleagues (19) sought to assess 

the overall state of the rectus abdominis by measuring an index of neuromuscular efficiency 

(NME), which expresses the capability of a muscle to develop strength with a lower risk of 

injury (19). NME has been used to assess the functional state of muscles when torque produced 

by a subject increases and is measured as the inverse of the slope of the EMG-torque relationship 

(19). Subjects who participated in gymnastics and middle-distance running were chosen due to 

the different nature to which the abdominal muscles are involved in their sport. Thirty eight 

subjects from these 2 sports were split into 4 groups (8 male runners, 10 female gymnasts, 12 

male controls and 8 female controls) and were asked to perform 6 seconds of isometric trunk 

flexions at 20%, 25%, 75% and 100% of their MVC. Flexion torque and surface EMG of the 

rectus abdominis muscles were taken to diagram the EMG-torque relationship. NME was 

determined to characterize the capacity of the rectus abdominis muscles to produce torque.  

Gymnasts had higher flexion torque and higher NME compared to the female controls. 

There were no differences in torque or NME in the male distance runners compared to male 

controls. The abdominal muscles in runners play mainly a respiratory function, while gymnastics 

need their abdominal muscles for the execution of particular movements. The results show that 

there are different functional abilities of the rectus abdominis muscles, based on gender and sport 

practices (19). 
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Masci et al. (50) wanted to confirm if skilled volleyball players had specific adaptations 

by showing improved neuromuscular control around the knee joint compared to non-jumper 

athletes. Seven male volleyball players and 7 male non-jumper athletes (runners, tennis players 

and water polo players) performed a single countermovement jump (CMJ) and a single squat 

jump in randomized order. After the tests, the subjects participated in a repetitive CMJ test. EMG 

signals were taken from the vastus lateralis and biceps femoris muscles; ground reaction forces 

were measured with a force plate.  

The volleyball athletes performed significantly better in all tests and were more resistant 

to fatigue compared with the non-jumper athletes. Additionally, the volleyball athletes showed a 

reduced co-activation of knee flexor and knee extensor muscles. These results show that there 

are significant neurological adaptations displayed by volleyball players in muscle groups 

involved in the vertical jump performance test and that these adaptations are in response to the 

motor learning of the task of jumping that is required of these athletes (50).  

 

Time Course of Neurological Mechanisms 

 Neurological mechanisms are the primary contributors to increases in strength early in an 

RET program (59, 66). Further into the program, as neural mechanisms reach a plateau, 

hypertrophy becomes the primary factor that causes increases in strength (66). This is not to say 

that early increases in strength do not have a hypertrophic component to them. In fact, net 

myofibrillar protein synthesis can occur after a single bout of RET (59). However, when looking 

at numerous studies it appears that at least 6-7 weeks of RET training are necessary to elicit any 

significant increases in muscle fiber hypertrophy (26-27, 59, 66, 78). 

Hypertrophy could play a role in muscle strength gains earlier than the 6-7 weeks. In fact, 

in the study by Moritani and deVries (55) mentioned earlier, they estimated that hypertrophy 

becomes the dominant factor after 3-5 weeks. Even so, the authors stated that these results 

should be interpreted with caution due to the small number of subjects and the individual 

variation amongst the subjects (55). Staron et al. (78) showed that hypertrophy started as early as 

the 2
nd

 week of training, but increases in muscle fiber area were not significant even after 8 

weeks. Similarly, Green et al. (27) found that hypertrophy started happening in subjects by the 

4
th

 week, but significant increases in muscle CSA did not occur until the 7
th

 week of RET.  
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The time course and magnitude of neural mechanisms and muscle hypertrophy may be 

affected by the neuromuscular challenges that are presented by the exercise (66). For example, 

strength increases have been shown to be delayed in complex movements such as the bench 

press or leg press when compared to simpler, single-joint movements such as an arm curl or a 

triceps extension (66). Hypertrophy can also be delayed when training the non-dominant arm 

compared with the dominant arm (55). 

The take home message is that the interaction of neural mechanisms and muscular 

adaptations to RET is based on numerous factors and can differ between individuals. But it is 

without question that neural mechanisms are the predominant cause of strength gains early on in 

an RET program. Even given factors that may cause alterations in the time course, the literature 

indicates that any measurable, significant increases in muscle hypertrophy do not occur until at 

least 6 weeks into an RET program. Nonetheless, it seems that there is still debate about whether 

there are other factors such as force generating proteins that are involved in increasing strength 

early on in an RET program (59). Also, there are still questions about when exactly does 

neurological or muscle hypertrophy factors becomes the exclusive driving force behind increases 

in muscle strength (66). To my knowledge, no studies have been undertaken since the findings of 

Moritani and DeVries (55) that have attempted to replicate their results or tried to map out an 

alternate time course of when neurological and hypertrophic factors are interacting with strength 

over the course of RET. This should be an area of research that is focused on in the future. 

 

Motor Learning: Conditions of Practice 

Massed Versus Distributed Practice 

 As mentioned earlier, massed practice can be defined as practice in which the work is 

longer than rest periods, and distributed practice is defined as practice in which the rest periods 

are longer than or equal to the work periods (68). In RET an example of massed practice would 

be performing a 1 minute set on the bench press and then resting for only 30 seconds. An 

example of distributed practice would be 2 minute rest periods for a 1 minute set of bench press. 

Hull was the first to examine the effects of mass and distributed practice and create interest in 

this area of research (34). 

 Hull found during his research that given equal trials, distributed practice for both 

cognitive and motor tasks produced better improvements in performance and skill acquisition 
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compared to mass practice (34). Hull created a general learning theory in which the major 

emphasis was the fatigue-like processes associated with long practice periods (34, 68). His 

theory tried to explain how the processes of fatigue and recovery are combined with the learning 

of motor skills. Hull believed in the concept that responses (physical, as in work) cause fatigue, 

which can operate against the elicitation of a conditioned response, a term called reactive 

inhibition (34). Reactive inhibition occurs during massed practice because of the short rest 

intervals in relation to the work being done, and can mask the positive effects of practice (34). 

 Since the time of Hull’s work, some research has been done on the effects of distributed 

versus massed practice in an area of concern for this paper, RET. Hakkinen and Kallinen (28) 

sought to look at the effect of the distribution of training volume on the neuromuscular 

adaptations in advanced female weight lifters in two separate experimental conditions, each with 

a separate 3-week training period. Total volume was kept constant, but in the first condition 1 

volume was done in 1 session. In the second condition, the volume was divided into 2 training 

sessions, at separate times in the same day. In condition one, there were no significant 

differences found for either strength gains or cross sectional area (CSA) of the muscle. On the 

other hand, significant increases in both strength and CSA were found in the second condition, 

which was the distributed practice condition. The authors concluded that the distributing the 

training volume into smaller units, such as two daily sessions, may create better conditions for 

muscle hypertrophy and neuromuscular adaptations to take place, leading to an added strength 

benefit (28). 

 Another study by Robinson et al. (63) had 33 college aged males already involved in 

RET perform squats over 5 weeks, in 3 different groups that had rest periods of 30, 90, or 180 

seconds between sets. The results showed a 7% increase in 1RM squat performance in the 180 

second condition, compared to only a 2% increase in the 30 second condition. Overall, the results 

showed a rest period range in which strength gains increased as the rest periods increased (63). 

 Kraemer (41) investigated the effects of practice distribution on performance during the 

leg press and bench press. Participants were given either a 3-minute or 1-minute rest period. The 

results showed that the participants in the distributed group (those with a 3-minute rest interval) 

were able to successfully achieve 10 repetitions during a 10 repetition maximum (10-RM) test 

for 3 sets on both the leg press and the bench press. Conversely, participants in the massed group 

(individuals with a 1-minute rest interval) performed all 10 repetitions on the 1st set, but on 
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average were only able to complete 8 repetitions on the 2nd set and 7 repetitions on the 3rd set. 

These results indicated that there was a significant reduction in the number of repetitions the 

participants were able to perform with the same absolute 10-RM load when rest period was 

reduced to 1 minute.  

 McLester and colleagues (51) compared the effects of training 1 day and 3 days per week 

with equal volumes of RET in experienced subjects. Each subject trained using a variety of upper 

and lower body exercises for 12 weeks. In the 1
st
 group, 3 sets per exercise were performed in 1 

day during the week. In the 2
nd

 group, subjects did 1 set on 3 separate days. The results showed 

that individuals who trained for 1 day during the week produced about 62% of the strength gains 

observed in the individuals who trained for 3 days during the week. All the upper body exercises 

except the lat pull-down and all lower-body exercises except the leg extension showed a 

significantly greater response to the higher frequency training (3 days per week), indicating an 

important role for frequency in training and the importance of distributing the practice over 

multiple sessions (51). 

 

Blocked Versus Random Practice 

 Another set of conditions for practice discussed earlier was blocked and random practice. 

Blocked practice (BP) occurs when trials are performed sequentially without interruption. 

Random Practice (RP) occurs when tasks that are being practiced are ordered randomly across 

trials so that each task is rarely performed on more than one or two different trials (68). Before 

the 1950’s, the popular belief about learning was that learning was directly correlated with the 

amount of practice- in other words, the greater the performance during learning, the better 

retention would be (68). However, William Battig conducted research starting in the 1950’s and 

his results led him to beliefs that were contrary to what most thought during that time. Battig 

found during his early research (9) that the more difficult a task was for a participant, the more 

they retained on subsequent tests. This led to the conclusion by Battig that intertask facilitation is 

produced by intratask interference (8). Intertask facilitation refers to the transfer of learning to 

other motor tasks. Intratask interference is defined as the hindrance caused by attempting to keep 

several items in the working memory at one time (68).  

 Battig went on to identify two important sources of interference that could potentially 

arise during practice: The order in which two or more items are studied or practiced; and the 
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nature of the material being practiced- whether the items being practiced are similar or different 

(8, 68). In relation to the order, if the same task is practiced repeatedly, and only that particular 

task is kept in the working memory, then CI will be low. However, if practice frequently 

switches between different tasks, CI will be high (8, 68). This is the reason BP is said to have 

low amounts of CI whereas RP has high amounts of CI. Battig indicated that high amounts of CI 

(i.e. RP) would produce decrements in performance during practice, but would make the learning 

of tasks more effective (8). Since William Battig’s publication, a number of papers have 

provided additional support to his ideas (16, 30, 68, 83). 

 For instance, Tsutsui, Lee and Hodges (80) had participants practice bimanual limb 

movements using RP or BP schedules. The participants were required to move both upper limbs 

from side to side in order to produce three bimanual coordination patterns. The movements 

needed to accomplish the three patterns were composed of back-and-forth movements of both 

upper limbs in which the right limb led the left limb by a 45 , 90 , or a 135  relative phasing 

pattern. The BP group performed 45 acquisition trials of one pattern on the 1
st
 day, practiced a 

second pattern on the 2
nd

 day, and the remaining pattern on the 3
rd

 day.  The RP group performed 

each pattern in a predetermined random order, with the rules being that each pattern had to be 

performed 15 times and that no more than two trials on any one pattern would be performed 

consecutively. As measured by the root mean square error, the RP group had a significantly 

higher amount of error during practice, but a significantly lower amount of error during retention 

compared to the BP group. In other words, typical CI effects were found in which the BP group 

performed better than the RP group during practice, but the RP group did better than the BP 

group on a retention test given 1 week later. The study showed that CI effects can arise in motor 

tasks and demonstrated that coordination skill for the bimanual task was superior for the RP 

group compared to the BP group (80).  

 Ste-Marie et al. (79) examined the effects of BP and RP schedules on the retention and 

transfer of handwriting performance in elementary school students. Participants assigned to the 

BP group were instructed to write each of three letters (h, a and y) or a symbol 24 consecutive 

times each. Subjects in the RP format practiced writing each letter or symbol 24 times each, but 

it was done in a varied, unsystematic schedule. The experimenters used a 3-point scoring system 

to score each handwriting symbol, with the dependant measure being the score that was achieved 

for the handwriting of the symbols. The results showed a significant main effect for group, and a 
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Tukey post hoc showed that during retention the two groups that had practiced the handwriting 

in a random schedule during acquisition was superior compared to those who had practiced in a 

blocked format.  

 Vera and Montilla (83) also looked at the effects of practice in young children on a 

throwing task. Each child performed 20 throws with a tennis ball and 20 throws with a feather fly 

ball from various distances in either the BP or RP format. In the RP group, one parameter 

involved in performance (i.e. the type of ball, distance from the target, or position of the target) 

was altered with each throw, whereas the children in the BP group repeated the same task with 

no changes between throws. During the posttest, retention was measured by a scoring system in 

which hitting the bulls-eye on the target was 5 points, hitting the inner concentric square was 3 

points, hitting the outer band was 1 point, and complete misses was 0 points.  The researchers 

found significant differences between the two groups in the acquisition, retention, and transfer 

segments of the experiment, with the RP group having significantly higher scores, i.e. were 

better at hitting the target during retention. The data confirmed the advantage of RP over 

repetitive practice (such as what occurs during BP) in motor skill learning, even in complex tasks 

such as the throwing protocols that the 6-year-olds were asked to participate in (83). 

 Blocked-random effects have also been replicated in various sport skills, which may be 

more complex than some of the laboratory tasks that have been used in other studies (68). For 

example, Hall and colleagues (30) investigated the effect of RP or BP on baseball hitting. A total 

of 30 highly skilled collegiate level baseball players performed 2 additional batting practice 

sessions per week, for 6 weeks. The pitcher would throw the batters a total of 15 curveballs, 15 

change-ups, and 15 fastballs in either a blocked or random design. The RP group received these 

pitches in a random order such that no pitch occurred more than twice in succession, while the 

BP group received 15 consecutive pitches of each type in repetitive blocks. Each batter then went 

through a transfer test in both random and blocked scheduling in which the number of solid hits 

per 45 pitches was measured. Again, the results showed that learning, as measured in the 

retention trials, was significantly greater (as measured by comparing the number of solid hits 

between groups) in the RP group compared with BP.  

 Bortoli et al. (13) also sought to find the differences in practice schedules on learning 

certain movements in volleyball (volley, bump, and serve). High school students were assigned 

into a BP or RP condition to practice the specific technique of using the bump, the two-hand 
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volley, and the under-hand serve while trying to hit the center of a target drawn on the floor on 

the other side of the volleyball net. The BP group practiced just one type of technical skill of the 

serve for each practice session. The RP group carried out in a predetermined random order the 

three fundamentals in each practice session. The areas of the target were assigned decreasing 

points from the center (5 points) to the perimeter (one point), with no point being tallied if the 

target was missed. Significant differences among the experimental groups emerged in the 

transfer test for the serve. These results help explain how high amounts of CI serve as a way to 

promote the learning of complex movements (13). In addition to those specific studies, other 

sporting tasks that have shown better retention of learning include badminton serving (87-88), 

rifle shooting (15), kayaking (74), and snowboarding (76). 

 Wrisberg (87-88) published two papers using similar experiments with male and female 

subjects practicing the long and short badminton serves. During practice, the subjects performed 

the badminton serve under either a blocked (all the trials of one serve were followed by all the 

trials of the other) or random (alternating trials of long and short serves) conditions. Retention, as 

measured by mean accuracy scores, was significantly higher for both the long and short serves in 

the RP group compared to the BP group.  

 Boyce and Del Rey (15) studied the effects of BP and RP in 90 college students enrolled 

in six rifle classes. The effects of high and low CI upon the acquisition and retention were 

investigated using a kneeling shooting task. There were five different target locations for each 

subject to shoot at; subjects in the BP group practiced five consecutive shots at the same target 

location each day while the RP group shot at each target location once within a single practice 

session. After each group completed their practice trials, learning was measured by shooting 

scores during retention and they were significantly higher in the RP group. 

 Smith and Davies (74) investigated whether CI effects could be found in the Pawlata roll 

in a kayak. It was the belief at the present time period of the study that the Pawlata roll should 

only be practiced in one direction (the proper direction). Therefore, the investigators setup two 

experimental groups, a BP group that practiced the Pawlata roll in one direction and an RP group 

which practiced the roll on alternate sides in a random fashion. Subjects in all groups returned to 

the pool 1 week after training was completed for retention and transfer tests. The retention test 

consisted of a maximum of three attempts to reproduce the roll in each of the two directions. The 

number of trials taken to execute an unassisted roll in each direction was recorded, giving a score 
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between 3 (success on the first attempt) and 0 (no successful roll in three attempts). The RP 

group had significantly higher scores during retention, meaning as a whole they were able to 

complete the roll faster than the subjects in the BP group.  

 In a similar setup, only this time using snowboarding skills, Smith (76) had 20 

participants complete several acquisition stages lasting about 2 hours by either alternating the 

direction of the turn within each stage (RP) or completing the whole stage while attempting to 

turns in one direction, then repeating the stage for the other direction of turn (BP). After practice, 

each subject came back 1 week later for a retention test. During the retention test, performance 

was measured by the arc and form attained by each subject on the snowboard within the turns, 

with each turn scored on a 10-point scale. As has been the case, subjects in the RP group 

obtained significantly higher scores compared to the BP group, indicating that there was more 

learning done from the CI effects of the RP group.  

 

Theoretical Explanations on Blocked-Random Practice Findings 

 The original findings of Battig, that CI enhances learning but produces decrements in 

performance during practice, was confusing to many scientists during that time. As a result, 

Battig’s ideas were not taken seriously and given little attention for many years after first being 

published. However, in a paper written more than 20 years after his original work on the subject 

(8), Battig expanded his ideas and presented an extensive outline on CI based on the findings he 

had collected over the years. His ideas were subsequently applied to the field of motor learning 

(10). Since that time, several different hypotheses have come out from others that have helped to 

explain how a variable such as CI could have a decrement in overall performance during 

practice, but be such a great facilitator of learning, which is commonly referred to as the 

“performance-learning paradox” (68). 

 

Elaborative and Distinctive Hypothesis 

Battig (8-9) discovered two variables which affected CI. First of all, Battig suggested that 

during BP only one task would be needed to be kept in the working memory at one time, which 

would cause interference to be low. Second of all, Battig suggested that for motor skills, if a 

person is performing two or more tasks, and the tasks being performed were similar in nature, CI 

would be high, because the person learning would have to work harder to distinguish between 
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the tasks. Overall, Battig claimed that the person learning would respond to high or low amounts 

of CI with correspondingly high or low amounts of elaborative and distinctive processing. 

Subsequently, Shea and Morgan (70) proposed the actual elaborative and distinctive hypothesis. 

According to the elaborative processing hypothesis, CI, aided by RP, makes the person that is 

learning compare and contrast between the tasks; this results in a more memorable and 

meaningful experience, as well as more elaborate distinctions between the different tasks (68). 

 This hypothesis has been supported by several studies (25, 72, 85-86). For instance, Shea 

and Zimny (72) have found that participants in an RP group understood the description of 

different movements in a different manner than participants in the BP group, as measured by 

their post-experiment interviews. The RP group gave much more elaborate descriptions of the 

differences in shapes of the various movement patterns, indicating one movement that was 

similar to another, or that one movement was the same except for a change in direction. 

Participants in the BP group reported very little cognitive processing and indicated that they 

basically ran the tasks off automatically.  

 Another example that provides even greater support for this hypothesis includes two 

experiments by Wright and colleagues (85-86) which looked at verbal communication between 

practice trials. In his protocol, all subjects were split into 4 groups and all performed the tasks in 

a BP protocol. Subjects in the first group performed no additional thought processing, while the 

other 3 groups performed various cognitive activities between trials. Subjects in the second and 

third group were asked to verbally describe, between practice trials, the order of movements 

from either the movement they had just carried out or another movement they had done 

previously. Subjects in the fourth group were asked to compare and contrast between the task 

they had just conducted and a different task. The experimenters predicted that the thought 

processing in the last group would be most similar to the processing that people typically 

undergo during RP. The results found that learning, measured from the retention trials, was 

greater in the fourth group than all other groups. Additionally, there was no improved retention 

of learning in the second or third group, suggesting that the intertask processing that occurs 

during RP because of high CI is important for retention, and gives support to the elaborative and 

distinctive hypothesis.  
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Forgetting and Reconstruction Hypothesis 

 Larry Jacoby proposed that in order to retain information, the learner had to go through 

the entire learning process (37). Therefore, during practice, if the information of a task was 

stored in the working memory after the first trial, during the second trial the information would 

not have to be fully processed, which inhibits learning (18, 37). Jacoby suggested that learning 

could be induced by a “spacing effect,” which indicates that performing motor skills that have 

been repeated with long spaces between practice sessions is more beneficial to learning than 

performing skills with little or no space between practice sessions (37). 

 Building on the suggestions by Jacoby, Lee and Magill (45) proposed the forgetting and 

reconstruction hypothesis, which basically states that in order to learn you must forget. So 

remembering the solution (i.e. action) from a previous trial, which occurs in BP, promotes good 

performance during practice but does not advance the processing required for the facilitation of 

learning. On the other hand, RP causes a short-term forgetfulness of the action of one task when 

a different task must be produced. This will harm performance during practice trials but be more 

beneficial to learning because the person must undergo reconstructive cognitive processing.  

 Lee et al. (46) did a modeling study that demonstrated the effects of the forgetting and 

reconstruction hypothesis. Modeling is the demonstration of a task before it is performed. The 

researchers investigated the effects of introducing the information necessary for processing a 

skill into working memory through modeling. Three experimental groups were setup. Subjects 

were asked to perform a timing task by making patterns of key presses on a computer keyboard. 

Subjects in the first group performed the task in a BP schedule, while subjects in the second 

group performed the task in a RP schedule. Subjects in the third group also did the task in a RP 

design, but also had an additional computerized model that gave them auditory and visual 

information about the timing of the task before the task was practiced.  

The researchers predicted that the model would guide the person through the learning 

process, which would cause detrimental effects to the reconstructive processing that normally 

occurs during RP. The results demonstrated that learning was greater in the retention trials in 

subjects in the RP group compared with those in the BP group. However, in the third group that 

had the model, the learning advantage from RP was washed out by the use of the model. Several 

other studies have shown support for this hypothesis as well, although the evidence is not quite 

strong yet (36, 46, 49, 68, 89). 
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Guidance Hypothesis 

 The guidance hypothesis implies that a relatively high frequency of augmented feedback 

during practice can be detrimental to motor learning (46, 84). There are two types of feedback: 

intrinsic feedback and augmented feedback (68). Intrinsic feedback is inherent to executing the 

movement and is provided through sensory inputs. Augmented feedback is considered to be 

supplemental to intrinsic feedback. The knowledge of results (KR) is the verbalized, external 

response information provided that gives information in regard to the extent of error or success 

in achieving the goal of a movement (84). In relation to feedback, the KR supplies augmented 

feedback about the movement outcome (84). For example, in baseball if you hit a hard line drive 

into the outfield for a base hit, and the coach says “Nice hit!” this is a kind of KR.  

 It appears that too much feedback is detrimental to learning. For example, some research 

has shown that a reduction in the percentage of KR trials given during practice produces more 

learning (77, 82). In a review by Salmoni, Schmidt and Walter (67), these researchers proposed 

that when KR is given on every practice trial, the person then becomes more reliant on the 

feedback then on the actual information that is required for successful completion of the task. 

People given less KR, on the other hand, rely more on detecting their own errors, which 

increases cognitive thinking and is more effective for learning. Basically, in order to learn, the 

person must make mistakes and correct them on their own (67-68). As mentioned earlier, RP 

results in a higher amount of mistakes and more decrements in performance during practice 

compared to BP. Thus, in accordance with this hypothesis, perhaps the higher amount of 

difficulty and error during RP could be more conducive to overall learning.  

 

Retroactive Inhibition Hypothesis 

 In addition to the hypotheses proposed earlier, others have suggested that the deficiencies 

in learning that occurs with BP are due to retroactive inhibition in which early tasks that are 

practiced by the BP group are more difficult to remember because of the interference caused by 

other activities that are practiced in the interim (21, 68, 81). In the blocked group, successive 

trials of each task are completed during practice and before retention, which would cause a 

greater difficulty in recollecting what was learned for the tasks that were performed early in 

practice. In the random group, there would not be as much of an influence from retroactive 

inhibition because there are only a limited number of trials for each task that occurs between 
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practice and retention (21). For example, if a person performed 5 sets of squats, leg extensions, 

and leg curls in a BP design, and then came in 1 day later for a retention test, there would be 10 

sets between the last set of squats in practice and the first set of squats during the retention trial. 

In comparison, if this same training program was conducted in a RP design, there would be at the 

most only 2 sets between the last set of squats during practice and the first set of squats in 

retention.  

Del Rey et al. (21) looked at the effect of retroactive inhibition on CI in 75 female 

participants. The participants performed BP without retroactive inhibition, blocked with 

moderate retroactive inhibition (18 trials) and blocked with high retroactive inhibition (36 trials), 

and RP, depending on which of the 4 groups the person was assigned to. The results showed that 

reaction time was faster during retention tests for the RP group compared to all of the BP groups; 

additionally, the BP group without any retroactive inhibition had faster reaction times compared 

to the other two BP groups that had moderate or high amounts of retroactive inhibition. Other 

studies by Shea and Titzer (71) and Lewis et al. (48) have yielded similar results. The fact that 

retroactive inhibition appears to be avoided during RP gives another possible reason why it is 

more beneficial for learning.  

 

Conclusions 

In conclusion, neurological adaptations are changes in coordination and learning that 

facilitate improved recruitment and activation of the involved muscles during a specific strength 

task (23). Neurological adaptations to RET include increased motor unit recruitment, the cross-

education effect, synchronous firing of motor units, increasing firing rates, increasing rate of 

force development, lower inhibitory mechanisms, changes in the neuromuscular junction an 

increase in the activation of agonist muscles and a decrease in the activation of the antagonist 

muscles. The instructions for these changes in coordination and movement are stored centrally in 

motor programs. Variables which optimize motor learning would be expected to result in optimal 

strength gains, particularly during the early stages of training.  

 One of the variables that would optimize motor learning is the setup of practice for 

learning the skills necessary for particular movements. When comparing between massed and 

distributed practice, distributed practice has been repeatedly shown to improve performance in 

various tasks, including better strength gains in RET studies. Another type of practice 
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scheduling, random versus blocked practice, has also been studied extensively, starting in the 

1950’s with William Battig and his notion of CI. When the popularity of his ideas arose in the 

late 1970’s and early 1980’s, a vast amount of research was dedicated to comparing the effects of 

RP and BP on learning, and repeatedly RP has been found to result in better learning on wide 

variety of laboratory and sporting tasks. Hypotheses such as the elaborative and distinctive 

hypothesis, the forgetting and reconstruction hypothesis, and the guidance hypothesis, among 

others, have come out to explain the kind of paradoxical rationale seen in RP that the hindrance 

of performance during practice can lead to enhanced learning. It remains to be seen if these same 

blocked-random effects extends to learning RET movements that require a lot of coordination 

and skill such as the bench press.    
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CHAPTER III 

RESEARCH METHODS 

 

Participants 

Twenty-four college-aged (18-26 years old) male (n=15) and female (n=9) participants 

who were untrained (no previous resistance training within the past year) were recruited for this 

study. All participants were healthy individuals and free from any upper extremity 

musculoskeletal injuries for at least 1 year. Participants had little or no previous experience 

performing the free weight bench press (5 times or less overall, none within the last 3 years) and 

had no previous experience throwing darts with their nondominant arm. All participants were 

free from any upper extremity musculoskeletal injuries for at least 1 year. Participants were 

recruited by word of mouth and by flyers posted around campus (Appendix A).  

 The study was approved by the University Institutional Review Board and all participants 

were informed of the objectives, benefits and risks associated with this study (Appendix B). 

After participants had been provided with all of the necessary information regarding the study, 

they signed an informed consent form before participation (Appendix C). Additionally, 

participants were required to complete a health history questionnaire to make sure that they were 

healthy enough to complete all exercise protocols in the study as well as make sure they met the 

eligibility requirements to be in the study (Appendix D).   

 

Experimental Design 

 Participants were stratified based on gender, body weight and 1RM to one of 3 groups: 

Control, blocked practice (BP) or random practice (RP). Participants performed the bench press 

(resistance exercise training criterion task) as well as dart-throwing with their non-dominant arm 

(motor task causing intratask interference in the RP group) in either the BP or RP group format 

during their 4-week training protocol. The 4 week duration of the training protocol was chosen 

because that is within the time frame in which strength gains during a resistance exercise training 

(RET) program are reported to be neurologically based (59, 66). Bench press performance was 

measured by determining each participant’s 1RM; additionally, the acquisition of skill of the 

bench press movement was assessed by using a movement component checklist scoring system. 
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Dart-throwing performance was measured by the constant error (CE) equation as well as the 

variable error (VE) equation.  

During the participant’s first visit, he or she got acquainted with the testing procedures 

and was instructed to the expectations of the study. Additionally, participants were screened to 

certify that they met the specific requirements to participate in the study. Anthropometric data 

(height, weight) and age were obtained after explaining the requirements and basic overview of 

the study. During the study, measurements for both the RET criterion and the motor criterion 

tasks were assessed at baseline (pretest); after 1 and 2 weeks into their RET program; 3 days 

after completion of their 4-week program (posttest); and during a retention test 9 days after the 

posttest. The overall time for each participant to complete the study was 6 weeks.  

On the first training day of each week within the 4 week program, the participants in the 

BP and RP groups watched an instructional video a little over 5 minutes in length that 

demonstrated how to properly execute the bench press movement. After the video was over, the 

participants in these experimental groups were given an instructional sheet (Appendix E) that 

they were allowed to read for 2 minutes that corresponded to the steps shown on the video. Also, 

every time a participant performed a 1RM test during their 4-week program, they received 

feedback on the grade from their movement component checklist one week from when the test 

was performed during the time they were required to watch the video and read the instructional 

sheet.  

Both practice groups performed 4 sets of the bench press and 4 dart-throwing sessions. 

The RP group performed the RET and dart-throwing no more than once each in order, meaning 

each participant engaged in 1 set of the RET protocol, and then he or she performed 1 dart-

throwing session. This process was repeated until 4 sets of bench press and 4 dart-throwing 

sessions had been completed. The BP group performed 4 consecutive sets of the RET protocol 

and this was followed by 4 consecutive dart-throwing sessions. Rest intervals remained constant 

for all participants, regardless of which group they were assigned to. During training, because the 

BP did not throw darts in between RET sets like the RP group did, the participants in the BP 

group were asked to stand up and face away from the bench press in between sets. This ensured 

that the experiment was controlled and standardized between experimental groups. The rest 

intervals in between dart-throwing sessions in the BP group was equal to the amount of time it 

takes to complete 1 set of the bench press in the RP group; this was done in order to keep the 
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protocol consistent between groups. This rest interval was calculated to be 20 seconds based on 

averages that were recorded during piloting testing before the start of the study. Also, because 

the random protocol took less time to finish then the blocked protocol, in order to equalize 

experimental contact time among these two groups, participants in the RP group were required to 

sit quietly in the laboratory and read a National Geographic
®

 for 5 minutes following the 

completion of their training session.  

During all training sessions in both groups, the researchers were not allowed to talk with 

the participants, and all personal belongings were stored in a safe place until after the training 

session was completed. The control group only performed all test measurements, without taking 

part in the RET and dart-throwing protocols for the 4-week training period. In addition, the 

control group received no instructions in the form of the instructional video and instructional 

sheet, and also did not receive any feedback related to their scores on the movement component 

checklist. All testing and training took place on the campus of The Florida State University. 

Anthropometric data collection and screening participants occurred in the exercise physiology 

laboratory in room 100 in the Sandals Building. All other components of the study occurred in 

room 1100 of the William Johnston Building.  

 

Resistance Exercise Training Protocol 

 Participants in the BP and RP groups underwent a 4-week training program following 

their specific protocols that were explained in the experimental design section. For the RET 

program, participants trained following the recommendations of Rhea et al. (62) for maximal 

strength gains in untrained individuals. Participants trained for 3 days per week, and they 

performed 4 sets of the bench press for each day that they came into the laboratory. During the 

first 2 weeks of training, the participants trained at 50% of their 1RM for 12 repetitions per set. 

For the final 2 weeks of training (weeks 3-4), the participants trained at 55% of their 1RM for 10 

repetitions per set. Participants had 1 ½ minute rest periods between sets of the bench press. 

Since it has been documented that progression is a necessary component of a RET program (1), 

each participant progressed through their RET program by taking their new 1RM collected 

during testing at each time point that was mentioned earlier and then using it to recalculate the 

weight they were training at based on the percent 1RM before starting their next week of 
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training. Thus, each time they increased their 1RM, the weight that they trained at also went up 

for the following week of training. 

 

 

 

Dart-Throwing Protocol 

In addition to RET training, participants in the BP and RP groups performed an equal 

amount of dart-throwing sessions. Participants completed 4 dart throws per session, with 1 dart 

being thrown every 15 seconds after the researcher said the command “throw” for a total session 

time of 1 minute. This was done because the RP group needed sufficient time to finish throwing 

the darts and position themselves for the next set of bench press. As stated earlier, rest intervals 

were standardized between experimental groups because the BP group did not alternate back and 

forth between the bench press and dart-throwing as was the case in the RP group. Participants 

were throwing Halex Competition 1000 Steel Tip Darts (18 g) at Winchester
® 

rifle targets that 

were 1.73 m off the ground and from a distance of 2.37 m away from the target. 

 

Measurements 

1RM Test 

 The participants started with a general active warm-up for about 5 minutes that included 

some light stretching activities as well as pedaling on a cycle ergometer at a light resistance. The 

1RM test began after the active warm-up had finished. All tests followed the protocol of 

Shimano et al. (73). The 1RM was defined as the maximum weight that could be lifted one time 

(65). After a successful lift, there was a 3 minute rest period until the next lift was attempted. 

The weight was increased on subsequent attempts until the participant was unable to complete an 

attempt. Verbal encouragement was given on all tests. 

 

Movement Component Checklist 

 For all 1RM tests, participants were videotaped during the bench press movement for the 

specific purpose of grading how precise their technique was. In order to gauge the accuracy of 

each participant’s technique and compare between experimental groups, a movement 

component checklist with all the different components of the bench press movement was 
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utilized (Appendix F). One research assistant with expertise of the bench press movement 

(Certified Strength and Conditioning Specialist and Strength and Conditioning Coach with 5 

years experience) reviewed the videos of each participant and placed a check next to each 

component of the movement that was performed correctly. The reviewer had no knowledge of 

which experimental group each participant belonged too and was responsible for grading all 

videos during the entire study. The number of checks (which is the number of components of 

the bench press movement that were done correctly) were counted up and the participant was 

given a raw score out of 13 points. All scores were compared statistically between groups.  

 

Dart-Throwing Performance 

 For the dart-throwing performance test, participants were given 4 dart-throwing attempts 

in which they were instructed to aim for the bulls-eye on all their throws. Each throw was 

scored on a scale of 0 to 6; 0 was given if they hit the bulls-eye and then after that the further 

away from the bulls-eye the dart was, the higher the assessed score was for that throw, with 6 

being the score if they missed the target. Each participant’s scores were then used to calculate 

the CE and VE statistical equations, given by Schmidt et al. (68). The CE equation was 

calculated using the formula CE = ∑ (xi – T) / n where ∑ meant “the sum of,” xi was the score 

on trial i, T was the target, and n was the number of trials performed. The VE equation was 

given by the formula VE = ∑  xi ‐ M 2/n , where ∑, xi and n were defined in the same way as 

for the CE equation, and M was the subject’s average movement and was measured in the same 

units as the scores for the task. 

 

Statistical Analysis 

All data were statistically analyzed using the SPSS (version 18.0) software. A 3 group 

(control, BP, RP) x 5 time (pretest, after 1 and 2 weeks of training, posttest, retention test)] 

mixed model analysis of variance (ANOVA) was used to test significance for differences in 

1RM, movement component checklist scores, and dart-throwing variables of CE and VE. A 

Tukey HSD post hoc test was used to locate between group differences. Time differences within 

groups were analyzed using paired t-tests. All data were presented as means ± standard 

deviations in tables and means ± standard errors in figures. Statistical significance was set at (p ≤ 

0.05) for all measurements.  
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CHAPTER IV 

RESULTS 

 

Participant Characteristics and Training Data 

 Thirty untrained, college-aged males and females were initially recruited for this study. 

One participant dropped out due to being unable to come in for his required training sessions 

during his second week in the study. The other five participants were dropped due to pre-training 

1RM’s or other traits that were outside the normal standards that were sought from the general 

participant population. Therefore, a total of 24 participants, 15 males and 9 females, completed 

the study. Participant characteristics are presented in Table 1. There were no differences among 

groups for any of the participant characteristics. Each group had 8 participants; gender 

distribution was equal in all conditions (5 males and 3 females in each group). 

 

 

Table 1: Participant characteristics (N=24) 

Variable Control (n=8) Blocked Practice (n=8) Random Practice (n=8) 

Age (yrs) 20.6 ± 1.8 21.1 ± 2.4 20.0 ± 1.3 

Height (cm) 170.1 ± 8.4 172.8 ± 8.4 168.1 ± 6.4 

Weight (kg) 61.1 ± 10.1 65.0 ± 8.2 65.4 ± 7.6 

Values are expressed as means ± standard deviations 

 

 

 The training data for the bench press exercise, which includes the number of repetitions, 

sets and total volume for the RP and BP groups, are presented in Table 2. The control group is 

not listed in the table because they did not go through the 4-week RET program. Weight, 

repetitions, sets, and total volume were similar in both groups at all time points presented in the 

table. There were two participants in the random group who were only able to do 10 or 11 out of 

the required 12 repetitions, respectively, for one set during their second week of training. This is 

why week two repetitions are listed at 11.97 instead of 12 for the random group; however, this 

was not enough to cause a significant difference in the average number of repetitions completed 

by each group. Every participant in both groups completed 4 sets of the bench press exercise for 

each training session. 
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Table 2: Repetitions, sets and total volume of bench press exercise for the blocked practice and 

random practice groups (N=16) 

 

Variable Blocked Practice (n=8) Random Practice (n=8) 

Week 1 Weight (kg) 21.4 ± 6.0 21.1 ± 6.8 

Week 1 Repetitions 12.00 ± 0.00 12.00 ± 0.00 

Week 1 Sets 4.0 ± 0.0 4.0 ± 0.0 

Week 1 Total Volume (kg) 1026 ± 286  1011 ± 328 

Week 2 Weight (kg) 22.8 ± 6.9 22.7 ± 6.7 

Week 2 Repetitions 12.00 ± 0.00 11.97 ± 0.06 

Week 2 Sets 4.0 ± 0.0 4.0 ± 0.0 

Week 2 Total Volume (kg) 1093 ± 329 1087 ± 315 

Week 3 Weight (kg) 26.4 ± 7.3 25.6 ± 8.1 

Week 3 Repetitions 10.00 ± 0.00 10.00 ± 0.00 

Week 3 Sets 4.0 ± 0.0 4.0 ± 0.0 

Week 3 Total Volume (kg) 1057 ± 291 1025 ± 324 

Week 4 Weight (kg) 26.4 ± 7.3 25.6 ± 8.1 

Week 4 Repetitions 10.00 ± 0.00 10.00 ± 0.00 

Week 4 Sets 4.0 ± 0.0 4.0 ± 0.0 

Week 4 Total Volume (kg) 1057 ± 291  1025 ± 324 

Values are expressed as means ± standard deviations 

 

 

1RM and Movement Component Checklist Scores  

 The results of 1RM testing at each testing session are shown in Table 3. There were no 

significant differences among pretest (baseline) 1RM’s in all of the groups, meaning there was 

no condition that had a higher amount of strength at the start of training compared to the other 

conditions. Overall, there was a significant group by time effect, F (8, 84) = 3.714, p ≤ 0.05, effect 

size (ES) = 0.26, for the 1RM strength measurement. Strength increased significantly from 

pretest to all other time points (1 week, 2 weeks, posttest, and retention) in all groups. In the BP 

group, a significant increase was found for 1RM measures from 1 week to 2 weeks, from 1 week 

to posttest, and from 1 week to retention. Additionally, there was a significant increase in 1RM 

strength from 2 weeks to posttest and from 2 weeks to retention in the BP group. In the RP 

group, there was a significant increase in 1RM strength from 1 week to posttest and from 1 week 

to retention. Furthermore, there was a significant increase in 1RM strength from 2 weeks to 

posttest and from 2 weeks to retention in the RP group. However, when groups were analyzed 

separately there were no apparent group differences (Figure 1).   

 

 



31 
 

Table 3: Strength assessment over time as measured by the 1RM (N=24) 

 

Time Control (n=8) Blocked Practice (n=8) Random Practice (n=8) 

Pre 42.7 ± 15.1 41.8 ± 12.0 42.1 ± 13.8 

1 Week 45.2 ± 16.7
† 

46.1 ±13.5
†

44.7 ± 13.4
† 

2 Week 46.4 ± 17.2
† 

48.1 ± 13.2
†‡

45.8 ± 14.6
† 

Post 47.0 ± 15.9
† 

50.9 ± 13.5
†‡#

47.8 ± 13.8
†‡# 

Retention
a 

47.2 ± 15.8
† 

50.3 ± 14.3
†‡#

48.6 ± 13.6
†‡# 

Values are expressed as means ± standard deviations 
a
Retention test was performed 9 days after the posttest 

†
p ≤ 0.05, significantly different from pre within group 

‡
p ≤ 0.05, significantly different from 1 Week within group 

#
p ≤ 0.05, significantly different from 2 Week within group 

 

 

 
Figure 1. 1RM values from pretest to retention test measured in the control, blocked practice and 

random practice conditions. Values are expressed as means ± standard errors, 
†
significantly 

different (p ≤ 0.05) from pre within group, 
‡
significantly different (p ≤ 0.05) from 1 Week within 

group, 
#
significantly different (p ≤ 0.05) from 2 Week within group. 

 

 

 The overall findings of the movement component checklist scores at all time points are 

presented in Table 4. Just like with 1RM’s, there were no significant differences among groups 

at pretest (baseline) values, indicating that none of the groups had an advantage of being more 
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knowledgeable about the bench press compared to one another. There was a significant group by 

time effect, F (8, 84) = 3.011, p ≤ 0.05, ES = 0.22, for movement component checklist scores. 

Checklist scores were significantly higher in the BP group compared to the control group at 1 

week and 2 weeks. In the RP group, checklist scores were also significantly higher compared to 

the control group at 1 week and 2 weeks; in addition, checklist scores were significantly higher 

at posttest and retention compared to control. There were no significant differences in checklist 

scores between the BP and RP groups at any time point. There was a significant increase in 

checklist scores after 1 and 2 weeks compared to the pretest in the BP group; there were no 

significant differences in posttest or retention checklist scores compared to pretest scores. In the 

RP group, there was a significant increase in checklist scores after posttest and retention 

compared to the pretest. Additionally, posttest and retention checklist scores were significantly 

higher compared to 1 week and 2 weeks. In the control group, checklist scores were significantly 

higher at retention compared to 2 weeks but otherwise there were no significant changes in 

checklist scores at any time points (Figure 2).  

 

 

Table 4: Skill assessment over time as measured by the movement component checklist scores 

(n=24) 

 

Time Control (n=8) Blocked Practice (n=8) Random Practice (n=8) 

Pre 9 ± 2 9 ± 2 10 ± 3 

1 Week 9 ± 2 12 ± 1
*†

11 ± 1
* 

2 Week  8 ± 3 12 ± 2
*†

12 ± 1
* 

Post 9 ± 3 11 ± 2 13 ± 0.5
*†‡# 

Retention
a 

9 ± 3
# 

11 ± 3 12 ± 0.7
*†‡# 

Values are expressed as means ± standard deviations 
a
Retention test was performed 9 days after the posttest 

*
 p ≤ 0.05, significantly different from control  

†
 p ≤ 0.05, significantly different from pre within group 

‡
 p ≤ 0.05, significantly different from 1 Week within group 

#
 p ≤ 0.05, significantly different from 2 Week within group 
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Figure 2. Movement component checklist scores from pretest through retention test measured in 

the control, blocked practice and random practice conditions. Values are expressed as means ± 

standard errors, 
*
significantly different (p ≤ 0.05) from control, 

†
significantly different (p ≤ 0.05) 

from pre within group, 
‡
significantly different (p ≤ 0.05) from 1 Week within group, 

#
significantly different (p ≤ 0.05) from 2 Week within group. 

 

 

Dart-Throwing Performance Test Scores 

 As stated previously, CE and VE scores were calculated using the participant’s dart-

throwing scores from their performance tests. The CE scores are given in Table 5. No group by 

time effect was found for CE scores. There was also no time effect, but it did approach 

significance F (4, 84) = 2.381, p = 0.058, ES = 0.10. Because it approached significance we 

decided to run a paired t-test to analyze any time differences in each group. There were no 

differences in CE scores among groups. There was a significant decrease in CE scores from 

pretest to 1 week, pretest to 2 weeks, and pretest to posttest in all conditions. Scores were not 

significantly different at retention compared to pretest in any of the experimental groups.  
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Table 5: Constant error calculation of dart-throwing performance scores (n=24) 

 

Time Control (n=8) Blocked Practice (n=8) Random Practice (n=8) 

Pre 4 ± 1 5 ± 1 5 ± 1 

1 Week 3 ± 1
† 

4 ± 1
†

4 ± 1
† 

2 Week  3 ± 1
† 

4 ± 1
†

4 ± 1
† 

Post 4 ± 1
† 

4 ± 1
†

4 ± 1
† 

Retention
a 

4 ± 1 4 ± 1 4 ± 1 

Values are expressed as means ± standard deviations 
a
Retention test was performed 9 days after the posttest 

†
p ≤ 0.05, significantly different from pre within group 

 

 

 VE scores are provided in Table 6. There was no group by time effect for VE scores. 

There was also no main time effect for VE scores.  There were no significant differences in VE 

scores among groups at any time points. There were also no significant differences in VE scores 

at any time points within each group.  

 

 

Table 6: Variable error calculation of dart-throwing performance scores (n=24) 

 

Time Control (n=8) Blocked Practice (n=8) Random Practice (n=8) 

Pre 1.3 ± 0.9 1.1 ± 0.7 1.1 ± 0.7 

1 Week 1.5 ± 0.5 1.4 ± 0.8 1.4 ± 0.6 

2 Week  1.4 ± 0.5 1.3 ± 0.6 1.3 ± 0.3 

Post 1.5 ± 0.5 1.5 ± 0.5 1.4 ± 0.9 

Retention
a 

1.5 ± 0.4 1.7 ± 0.8 1.1 ± 0.8 

Values are expressed as means ± standard deviations 
a
Retention test was performed 9 days after the posttest
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CHAPTER V 

DISCUSSION 

 

 To our knowledge, this was the first study completed comparing the effects of blocked 

and random practice on skill acquisition and strength for an RET task. Based on previous 

findings looking at blocked-random effects (13, 15, 30, 74, 76, 87-88), we hypothesized that the 

RP group would show a higher degree of learning the bench press as measured by the movement 

component checklist compared to the BP group. In addition, we also thought that this learning 

effect would cause the RP group to have a higher amount of strength gains compared to the BP 

group during and after training. In regards to dart-throwing, it was hypothesized that the RP 

group would achieve better scores on the dart-throws as measured by the CE and VE 

calculations. Overall, it was thought that both groups would demonstrate a greater amount of 

strength and skill acquisition on the bench press and higher scores on the dart-throwing over time 

compared to the control group since they did not undergo the 4-week training program. 

 

Movement Component Checklist Scores 

 The main findings of this study were that while there were significantly higher movement 

component checklist scores in the BP and RP group during training (1 week and 2 weeks) 

compared to the control group, RP also had significantly higher checklist scores after training 

(posttest and retention) compared to control, indicating that the RP group was able to retain the 

movement to a higher degree compared to control. There were no significant differences between 

BP and RP at anytime in the study, although the scores were somewhat higher in the RP 

compared to the BP.  

 While the majority of the research has shown RP to be superior to BP in learning, there 

are a few studies that have found no differences between learning conditions (38, 52, 54, 75). 

Smith et al. (75) found no differences in young males and females practicing two different 

versions of the cartwheel in gymnastics in a random or blocked format. Jones and French (38) 

had high school students practice volleyball skills while dividing them into an RP, BP, or 

random-blocked group. All groups significantly improved their skills that they practiced, but 

none of the groups performed significantly better than the other during a retention test performed 

two days after the practice period.  
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Interestingly, the other two studies that found no effects in learning between blocked and 

random used dart-throwing as the task involved in practice. In the first study, Moreno et al. (54) 

tested 32 young males in a random or blocked practice by having them do three different 

throwing tasks: a dart-throw, a low ball throw, and a side ball throw. The goal on each of these 

throwing tasks was to aim at a target that was placed on the ground. There were certain 

parameters setup (height of target, distance away from the target, size of target, etc.) for each of 

the three different throws.   The dependant variable measured in this study was the accuracy of 

the dart and the ball on the target, which was scored on a scale of -10 to +10 for the darts and 

from 0 to 10 for the two ball-throwing tasks.   

Comparisons were made between the standard deviations of scores for the targets in the 

various tests. The retention test consisted of 90 throws organized based on the group they were 

assigned to at four different periods of time: post-training, 48 hours later, 4 weeks later, and 8 

weeks later. Participants in the blocked or random conditions were further subdivided into 

different groups for the retention test; they were named based on the condition they practiced 

under and then the condition they were performing the retention test under. For instance, the 

blocked-blocked group performed the throwing tasks in a blocked format during practice trials 

and then did the retention test in a blocked format as well; if they were in the blocked-random 

group, they performed the practice in a blocked format and did the retention test in a random 

format. The other two groups were random-random and random-blocked.  

 The results showed that both groups improved significantly during training on their initial 

values for the three skills, which indicates that practice did lead to significant improvements in 

the acquisition of precise throwing skills. However, neither condition of practice had a 

significant difference in performance, regardless of whether or not the performance was changed, 

or on subsequent retention tests. So RP did not lead to greater retention for participants who 

trained under this type of condition, so there was no difference between the two groups.  

 Meira and Tani (52) assigned 32 college males and females into a blocked or random 

group in which participants performed 80 acquisition trials under 4 different task variations in a 

random or blocked format: throwing from distances of 300 cm and 420 cm away from the target, 

while using two different grips (conventional and an altered grip). During a transfer test, after 

acquisition, participants performed an overhand throw at 360 cm from the target (intermediate 

distance between what they performed during practice), using a professional grip. Each 
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participant did a total of 40 transfer trials. A score of 0-11 (11 hitting the bulls-eye, 0 missing the 

target) were assigned to each throw. Scores for the 80 acquisition trials and 40 transfer trials 

were averaged into blocks of 10 (maximum score of 110 per block). Mean differences on the 

scores during transfer trials were analyzed.  

 There were no significant differences between groups during a transfer test. In addition, 

the random group showed significantly greater performance only from the first to the last block, 

while the blocked group showed higher scores from the first to the other blocks. The authors 

concluded that there was an absence of a CI effect, and that these effects, while already having 

been established in the literature, are not universal and further research is needed to fully 

understand its effects on motor skills.  

 In regards to our findings, there are a few reasons that may help to explain our results. 

Going back to the paper from Meira and Tani (52), the authors stated that their results may have 

been influenced by their specific treatment given to the blocked group, explaining that the BP 

was organized in a manner so that each participant completed all the practice trials of the same 

movement pattern (conventional grip, altered grip) before going on to the next movement. The 

authors explained that this was similar to one of the two experiments done by Tsutsui et al. (80) 

in which the CI effect did not occur. This setup was similar to our experiment, in which the 

participants in the BP group completed all practice trials of one task (performing 4 consecutive 

sets of the bench press) before moving on to the secondary task (4 sets of dart-throws).  

 The writers also said that they may not have had their participants practice enough 

acquisition trials in practice to see any learning effects between the groups. Shea, Kohl and 

Indermill (69) have indicated that the effects of CI seen from RP are proportional to the amount 

of practice, as the more practice trials that are undertaken, the more likely the benefits of RP are 

likely to show up during retention. Baker et al. (7) indicated in a study examining periodization 

effects of manipulating volume and intensity during RET in trained male athletes that more 

practice trials would allow for greater learning and coordination, which would seem to explain 

why higher amounts of training volume would be a better approach for novice lifters. Perhaps in 

our study if we had our participants train for 6 weeks instead of 4 weeks, we could have seen 

more of a CI effect in the RP group which would have produced a more pronounced learning 

effect.  
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 As stated previously, Smith et al. (75) did not find any CI effects in young males or 

females that practiced two versions of gymnastics cartwheels. The difficulty of the task was 

given as a reason to explain their results; the fact that small error in trajectory while attempting a 

cartwheel would potentially result in large errors in foot placement during landing combined 

with the fact that the skill required whole body coordination. The degree of difficulty of a task 

has been distinguished as a factor that can alter the degree of learning that results from CI (75). 

Additionally, one of the requirements for participation in this study were that participants have 

no previous experience performing gymnastics, which would increase the difficulty in learning 

the task even more. Similarly, our experiment was done with novices attempting a task that 

required whole body coordination, so the degree of difficulty of performing the bench press 

would be high as well.  

 In addition, Smith et al. (75) and Jones and French (38) pointed out that the novices that 

were involved in their studies may not have the sufficient skill level to benefit as much from the 

high amount of CI found in RP compared to intermediate or higher skilled individuals. For 

instance, Hall et al. found significant learning effects in a RP group compared to BP in highly 

skilled collegiate baseball players. Our study also used participants that had little or no previous 

experience performing the bench press, so it is possible that the results were partially influenced 

by our participants’ skill levels.  

 Another potential explanation for our results lies in the dissimilarity between the two 

tasks practiced, the bench press and dart-throwing. The bench press is more of a whole body 

movement and can be considered a serial movement in nature, of which the object being moved 

has a substantial amount of weight to it. The dart-throw, in contrast, requires mainly the 

movement of the hand and elbow extensors, is considered a discrete movement (has a 

distinguishable beginning and end), and the object being thrown is light in weight. The purpose 

of using the dart-throw as the secondary task in this study was to use something that required 

movement and was considered a sporting skill, but at the same time was not likely to cause 

fatigue and influence the performance of the bench press in anyway. 

  In a recent study by Boutin and Blandin (14), the researchers investigated the effects of 

performing three movement times in a random or blocked format in a similar or dissimilar 

condition. The three movement times (200, 350, and 500 ms) were performed while pointing 

towards the target in the front direction if they were in the similar condition, whereas the 
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participants in the dissimilar condition carried out the movement times while pointing to the left, 

front, and right of the target. The results of the retention test found that there was a CI learning 

effect in the similar condition; the BP group did better during initial practice and then random 

performed better during retention. Conversely, there were no blocked-random differences in the 

dissimilar condition. The authors suggested that task similarity is one factor that can determine 

the extent of the effects of RP on learning (14). Jones and French (38) also explained their 

findings of no blocked-random effects in part to being the result of the serve, forearm pass, and 

set in volleyball not sharing a sufficient similarity to produce a CI effect. Perhaps if we had done 

some other RET task but was done with light weight and in a manner that would not cause 

excess fatigue to the point that their skill and strength on the bench press would be compromised, 

then we may have seen more of an effect between BP and RP.  

 Finally, there is one more point to bring up that involves the sensitivity of the checklist 

scoring system itself. As a reminder, the maximum score that an individual could achieve on the 

checklist was a 13 if they did every component that was listed correctly. If you go back and look 

at the figure for checklist scores, you will see that the RP group was either at or very close to the 

maximum score that could be attained at the measures following completion of their training 

program (post and retention). As individuals in this group approached the maximum score, the 

changes in performance of the bench press became increasingly insensitive to the changes in 

learning that may have occurred beyond what was put on the checklist. This “ceiling effect” 

makes it harder for participants to improve performance, as there can be no fewer than zero 

errors for any particular test (68). Because of this ceiling, the RP group may have demonstrated 

an even greater learning ability then what the movement component checklist was capable of 

detecting. While great care was taken to make the checklist as detailed as possible, additional 

components to the checklist should be considered so that these ceiling effects can be potentially 

avoided for future research.  

 Despite there being no differences between BP and RP and the explanations given above, 

there were still some interesting findings in the movement component checklist scores. 

Compared to the control group, the BP group had significantly higher checklist scores only 

during training (1 week and 2 weeks), whereas the RP group had significantly higher scores both 

during and after training (1 week, 2 weeks, posttest, retention). These data seem to signify that 

both groups, regardless of practice format, were able to attain some skill acquisition as a result of 
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practice. In addition, BP checklist scores were only significantly higher compared to pretest 

values after 1 week and 2 weeks of training, while in the RP group there was a significant 

increase in checklist scores over time throughout all the tests conducted both during and after 

training.  

 What is intriguing about that line of evidence is that the findings seem to follow the basic 

premise of each condition of practice; BP is known to be easier to perform during practice, but is 

less likely to show a retention of the skills learned when tested after practice, whereas RP is 

harder to perform during practice, but is easier for the person to replicate the skills during a 

retention or transfer test. These results, in combination with what was just mentioned previously 

regarding differences between the practice groups and control, seems to show that this 

acquisition of skill was only temporary in the BP group whereas in the RP group there was a 

higher degree of retention of the bench press movement. This lends some support to our original 

hypothesis that the RP group would display a greater amount of learning during retention. 

 These results may have some practical applications as well. Although there were no 

differences between BP and RP, the fact that there was a higher amount of retention in the RP 

shows that they were better able to retain the movement that was not seen in the BP group with 

training. If a novice was trying to learn how to perform an RET task, and an intermediate or 

highly skilled individual was looking for ways to improve their technique or rid themselves of 

bad habits, RP may be a way for someone to enhance their skill acquisition. If someone wanted 

to enter a power lifting competition in the bench press, and they did any of the things incorrectly 

that were given on the movement component checklist, they would get called on it by a judge 

and would be disqualified from the competition. Additionally, someone whose using correct 

technique during RET tasks are less likely to sustain injury. In this way, RP may be a strategy 

that can be employed for someone looking to work on his or her technique, whether it is for 

competition or just for training efficacy in the gym. 

 

1RM Strength Measures 

 The hypothesis that strength would be higher in the RP group compared to the BP group 

during and after training was not supported by our results. In addition, our hypothesis that 

increases in strength would be higher in both training groups compared to control was also found 

to be incorrect. There are some potential reasons for these results.  
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 Our findings may have been influenced by variability in 1RM testing due to our 

experimental design. Because this was a study based on learning among groups performing the 

bench press, we decided not to include a familiarization session before our participants became 

involved in the study. Numerous studies (11-12, 47, 60) have emphasized that a familiarization 

before testing is highly recommended to improve the reliability of maximal testing. In fact, for 

untrained individuals, single-session testing is not advised because of the potential for large 

amounts of variation between trials (11).  

 For this reason, the familiarization period is important if the participant has no prior 

experience with RET, as was the case with our participants as the majority of them had never 

even performed the bench press before beginning the study and none of them had done it more 

than 5 times before taking part in this experiment. Untrained individuals can mistakenly perceive 

a submaximal effort for maximal effort because of a lack of experience with RET (43). 

Blazevich and Gill (12) found significantly reduced reliability in males who performed an 

unfamiliar semiprone leg squat, and concluded that unfamiliar tests may reduce the reliability of 

the test, particularly if the resistance is difficult to stabilize, which most certainly occurred in our 

participants given their previous inexperience of performing the bench press movement. Prior 

research has shown that without a familiarization prior to strength testing, there is a significant 

increase in strength between two consecutive strength tests performed a few days apart (47). 

Given these findings along with our results that the control group increased significantly in 

strength from pretest values even though they did not undergo a 4-week training program, it is 

realistic to say that having no prior familiarization before testing at least partially influenced our 

results. In particular, the data seems to indicate a potential underestimation of baseline 1RM 

values for at least some of our participants.  

 Another reason that can be used to explain our 1RM values is the fact that we did a single 

baseline 1RM test instead of multiple session testing. Again, our reasoning for this was that we 

were conducting a learning study so we did not want people to perform too many repetitions of 

the bench press outside of their training sessions, along with the fact that we were trying to keep 

the study within a 6 week time frame from start to finish, in which the increases in strength are 

proposed to come predominantly from neurological adaptations. Benton et al. (11) evaluated the 

differences between multiple trials of 1RM testing in healthy, untrained women. The researchers 
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found that a series of 3 1RM tests was enough to obtain a consistent measure of 1RM strength on 

the chest press.  

 Ploutz-Snyder and Giamis (60) measured the number of testing sessions it would take to 

achieve consistent bilateral knee extension 1RM values in untrained old and young women. 

While it was determined that older individuals required significantly more testing sessions (8-9 

sessions) to get reliable test scores, the young individuals still required approximately 3-4 testing 

sessions to attain  the same reliability. Overall, a lack of sufficient test trials may not produce 

accurate measures of muscular strength (11), which was the case in our experiment.  

 In addition to the potential variability due to not having multiple testing trials or 

familiarizations, a study by Hubal and colleagues (33) evaluated the variability in muscle size 

and strength changes in 585 participants after a RET program of the elbow flexors (342 women, 

243 men) and found that women demonstrated greater variability in dynamic relative strength 

gains after training. The researchers stated that their results could be due to women being, on 

average, less skilled at the exercise compared to men, causing a greater amount of relative gains 

that were not the result of inherent strength gains in the muscle. They also stated that this is 

related to the theory that lower strength in untrained women is due to social and cultural 

restrictions more so than pronounced differences in physiological characteristics between sexes 

(33). Maximum strength was assessed in this study using a single-joint exercise (preacher curl), 

which requires a reduced level of skill and technical movement (1). In contrast, our study had 

women perform the bench press, which is a multi-joint exercise which requires more 

involvement of the neurological properties of the muscle (1). For this reason, it can be said that 

there may have been an even greater amount of variability in 1RM strength in the women who 

were in our study, which would have affected our results.  

 Besides the variability in 1RM testing, there are other factors that can explain the results. 

The RET program that the BP and RP groups underwent during the study were based on the 

recommendations from a meta-analysis from Rhea et al. (62) for parameters that would elicit 

maximum strength gains in untrained individuals: training for 3 days per week, at a mean volume 

of 4 sets per muscle group. However, the meta-analysis also recommended a mean training 

intensity of 60% of 1RM strength for training. Because the authors classified untrained as simply 

not having been involved in RET for at least 1 year, we decided to have our participants train at 

below 60% (50% for weeks 1-2, 55% for weeks 3-4) since the participants in this study had little 
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or no previous experience performing the bench press (and RET in general). It was thought that 

training at those intensities would allow the participants to perform the necessary amount of 

repetitions without having to train to failure and avoid excessive muscle damage from 

unaccustomed RET, while at the same time training at an intensity high enough to promote 

increases in strength. Given the results from the present study, it is possible that the training 

intensity in the BP and RP groups were not sufficient enough to stimulate significant gains in 

strength. In particular, training at 55% of 1RM for weeks 3-4 could have been too conservative 

of an estimate, given that the participants would have sufficient time to become accustomed to 

the bench press exercise and adapt to the initial stress placed on the musculature during the initial 

phase of the training program. With a higher training intensity, more motor units may have been 

recruited during training, which would have lead to a greater enhancement neurological 

adaptations, and thus higher strength gains (61). 

 Perhaps since the participants were untrained, even just the testing itself is likely to 

enhance their strength. Even though it would probably take several weeks of training to achieve 

someone’s full potential for increasing strength, neurological adaptations to RET that cause an 

increase in maximum force output can occur very rapidly (55, 66). Also, hypertrophy caused by 

muscle adaptations (muscle fiber damage, increased myofibrillar protein synthesis) may be 

induced by a single training session (59, 66). So perhaps even the control group increased their 

strength from one testing trial to the next just based on their own adaptations to the bench press. 

 Another potential explanation is provided from Benton et al. (11), who stated in their 

paper that although both the bench press and leg press are multi-joint exercises that are difficult 

to learn, the absolute muscle mass that is activated in the leg is much greater compared to the 

bench press. Therefore, neurological adaptations could occur more quickly during the bench 

press because there are a smaller amount of muscle fibers involved in the movement. In this way, 

perhaps the control group were able to elicit an increase in strength quickly just by taking part in 

the tests, and this along with a potential insufficient stimulation of strength in the training groups 

from their 4-week program, may have caused the 3 groups to gain strength at an equal rate. 

 Finally, there were some other potential reasons that our results turned out different from 

what was expected that were beyond experimental control and cannot be proven to be 

conclusive, but should be mentioned. Given the untrained status of our participants, most of 

whom had little or no previous experience with RET training, all of whom presumed to have no 
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recent experience with RET, it is certainly within reason to speculate that some of the 

participants could have become unmotivated to learn and/or improve their performance on the 

bench press as they progressed through their training program. These individuals would have 

finished the study under alternate motivations, but most certainly could have been giving less 

than full effort while testing. Additionally, it was presumed that all participants had little or no 

previous experience performing the bench press, but it is possible that some of the participants 

could have not been fully accurate with their answers on the questionnaire that was used to 

assess their qualifications for participation in the study when it came to the question about 

previous bench press experience. Given the results of the study in regards to the skill assessment 

from the movement component checklist and because the training protocol was not sufficient 

enough to produce increases in strength beyond a control group that did not train, perhaps a 

longer period before the final test (ex. such as two months) would have shown more differences 

in strength at retention. Under this scenario, the increases in strength as a result of training would 

disappear and since the RP group seemed to retain the movement more than the other two 

groups, this would cause the RP group to have a higher 1RM when retested under normal 

conditions, since they are more likely to perform the movement correctly.  

 

Dart-Throwing Performance Scores 

 The hypothesis that dart-throwing CE and VE scores would be higher in the RP and BP 

groups compared to control, and that the RP group would achieve higher scores compared to BP, 

was rejected. Two studies that were done previously (52, 54) also found no differences between 

a BP and RP group in performance on dart-throwing, so our results are in line with these 

findings. However, it is hard to draw any conclusions from these studies as to why dart-throwing 

specifically seems to be absent of any of the learning effects between BP and RP that have been 

commonly seen in other research in this area. Moreno et al. (54) did not explain their findings 

beyond the extent that their results did not agree with previous hypotheses that BP would 

perform better during acquisition, but not retention, and that RP would have lower scores during 

acquisition, but perform better during retention. Meira and Tani (52), as discussed earlier, 

speculated that their findings may have been influenced by the specific treatment given to the BP 

group, but otherwise that the results did not support the CI effects of RP. 
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 The study by Smith et al. (75) regarding their findings with learning how to perform 

cartwheels may help to explain the results. The authors discussed that the precision in 

performance can be a factor in whether or not a learning effect may be seen during research. The 

researchers stated that “small errors in the trajectory of the center of gravity while attempting a 

cartwheel would result in relatively large errors in foot placement.” In regards to this statement, 

dart-throwing is a skill that also requires a high amount of precision, and similarly, small errors 

in the trajectory of the dart towards the target are very likely to produce large errors in scoring. 

This is emphasized even more so by the fact that the participants were throwing darts with their 

non-dominant arms, which clearly increased the difficulty of the task and made it easier to 

produce errors. So, there could possibly been some kind of learning effect of practice, but the 

sensitivity of the measures could not quantify this learning experimentally.  

 Other possible reasons that were used to explain the results of the movement component 

checklist scores could be applied to the CE and VE scores of the dart-throws as well, and 

therefore do not need to be fully discussed again. These include there not being enough 

acquisition trials performed during practice, the difficulty of the task (75), the novice skill level 

of our participants at dart-throwing, particularly with their non-dominant arm (38, 75), and the 

task dissimilarity between dart-throwing and the bench press (14). 

 There were some other possibilities that could have influenced the results but were 

beyond our experimental control and are difficult if not impossible to verify, but are worth 

discussing. One possibility is that the participants may have not been completely accurate about 

their previous experience throwing dart with their non-dominant arm; all participants wrote that 

they had never thrown a dart with their non-dominant arm, but could have had prior experience 

with this task and not put it on the questionnaire. Presuming that everyone was telling the truth 

and had not attempted dart-throwing with their non-dominant arm before the study, it is possible 

that the participants were unmotivated to try to improve their performance on the dart-throwing 

as they performed the tests and/or went through the training program.  

 Also, unlike the bench press in which participants performed warm-up sets, there were no 

warm-up tosses given before the beginning of the dart-throwing test. One factor that has been 

identified to affect performance over time is a warm-up decrement, which is the transient change 

(improvement in performance) that occurs over the initial trials of a task (4). This warm-up 

decrement can be the result of a temporary loss of adjustments in the body or state of mind which 
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could include a person’s attention state, level of arousal, the responsiveness of the physiological 

systems of the body to the specific task, and the rhythm and timing of the task undertaken (57, 

68). If a couple of warm-up tosses had been provided in order to prime the person for the test and 

give them time to reestablish the parameters of the motor program specific to throwing the dart at 

our target, CE and VE scores may have improved which would have altered the results.  

 Finally, while a conscious effort was made to not make it seem like the bench press was 

more important than the dart-throwing, the way the study was set-up could certainly have had an 

indirect influence on the participants thoughts that would have made them think that the bench 

press was more important than the dart-throwing. While dart-throwing performance was 

assessed, the form was not critiqued and scored like it was for the bench press. Additionally, the 

training groups were given instructions in regards to correct form, with an instructional video 

and instructional sheet that were a part of their program for the bench press. None of those things 

were provided for dart-throwing, as the participants were only instructed that they could setup 

and throw the dart in whatever way they felt comfortable as long as they did not step over the 

line and for them to aim for the bulls-eye on all their throws. Certainly these factors could make 

it appear that the bench press was more important, which could have affected the performance of 

the dart-throws.  

 

Future Research 

 Future research could focus on doing a similar study to the one just conducted, only 

instead have well trained or recreationally trained individuals (those with previous RET 

experience, but none within the last 6 months). As discussed before, the skill level of the 

individual seems to be a factor that would affect whether or not there is a learning effect between 

BP and RP. Well trained individuals would clearly be more skilled at the bench press. It has also 

been suggested that increases in strength as a result of neurological adaptations can occur in 

highly trained athletes (39, 53), so perhaps a study using well trained individuals might yield 

differences between BP and RP. However, the movement component checklist may not be 

sensitive enough to detect differences in learning since these individuals would be likely to have 

already received previous instruction regarding the components that are on the checklist; but 

there is certainly potential to see differences in the neurological adaptations of the muscle 

between groups by using an EMG or other device, along with potential increases in 1RM due to 
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augmented neural mechanisms. Recreationally trained individuals, with an emphasis on making 

sure they were not formally taught the specific technique of the bench press that was used in this 

study, would likely serve as the best compromise. These types of persons would possess some 

inherent skill on the bench press that was absent from the untrained participants in the present 

study, but also would still have the potential to show learning effects on the bench press which 

can be detected using the checklist scores.  Recreationally trained individuals would certainly 

have similar capability to show an increase in strength due to the effects of neural mechanisms as 

a result of training.  

 In addition, having a small familiarization trial 1 week before baseline 1RM testing 

would be advised due to the variability in 1RM testing, as discussed previously. Since the study 

would still have an emphasis on learning, it should probably be a light familiarization in which 

only a couple of sets with only a few repetitions are performed; this way the participant can get 

familiar with the testing room along with the protocols that he or she would be engaging in, and 

can also be used to get some kind of gauge of how much weight the individual may be able to lift 

for the 1RM. In order to further reduce variability in 1RM testing, it would be better to perform 

two baseline 1RM trials, separated by a few days, just to ensure that baseline values are accurate. 

Also, doing a 6-week study with more practice trials, and having participants train at a higher 

intensity could reduce some of the potential factors previously discussed that may have caused 

an inhibition of strength and learning among groups.  

  

Conclusions 

 In conclusion, there was a significant increase in 1RM strength over time during testing, 

but there were no differences in strength among the three experimental groups. This may have 

been due to variability as a consequence of 1RM testing as well as gender differences, along with 

parameters of the training program and other factors outside of the control of the researchers. 

Learning, as assessed by skill acquisition based on scores from a movement component 

checklist, were significantly higher in the BP group only during training compared to the control 

group, whereas the RP group had significantly higher scores both during and after training 

compared to control. In addition, checklist scores were significantly greater after training 

compared to pretest values only in the RP group. These results indicate that they were able to 

retain the bench press movement after their training program, whereas participants in the BP 
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condition were not able to replicate the movement post-training. There were no significant 

differences at this time between BP and RP at anytime during or after the RET program. More 

research is needed in this area to determine whether this was simply the result of errors in 

experimental design or if there are specific reasons for the absence of blocked-random effects in 

the learning of an RET task.  
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APPENDIX A 

RECRUITMENT FLYER 
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EVEN RONALD MCDONALD HAD TO 

START SOMEWHERE 

 

 

 

Do you want to learn about health and fitness evaluations? Are you interested in 

increasing your strength and overall functionality? Do you want to know how to 

properly perform the bench press movement and how to optimize the acquisition of 

strength and skill of this exercise?  

                                                 

Male and female participants ages 18-26 are needed to participate in a resistance training study 

in the William Johnston Building Performance Laboratory. Requirements for entry are no 

resistance exercise training for at least 1 year, little or no experience lifting on the free weight 

bench press, and no upper body musculoskeletal injuries for at least 1 year. For more 

information, please contact Marshall
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APPENDIX B 

IRB APPROVAL LETTER 
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Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306‐2742 
(850) 644‐8673, FAX (850) 644‐4392 
 
APPROVAL MEMORANDUM (for change in research protocol) 
 
Date: 10/7/2010 
 
To: Marshall Naimo  
 
Address:  
Dept.: NUTRITION FOOD AND MOVEMENT SCIENCES 
 
From: Thomas L. Jacobson, Chair 
 
Re: Use of Human Subjects in Research (Approval for Change in Protocol) 
Project entitled: Practice Schedule Effects on the Acquisition of Skill and Strength of the Bench Press 
During a 4‐Week Resistance Training Program 
 
The form that you submitted to this office in regard to the requested change/amendment to your 
research protocol for the above‐referenced project has been reviewed and approved. 
 
Please be reminded that if the project has not been completed by 3/16/2011, you must request 
renewed approval for continuation of the project. 
 
By copy of this memorandum, the chairman of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects involving human 
subjects in the department, and should review protocols as often as needed to insure that the project is 
being conducted in compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The Assurance 
Number is IRB00000446. 
 
Cc: Lynn Panton, Advisor  
HSC No. 2010.4895 
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APPENDIX C 

INFORMED CONSENT FORM 
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Informed Consent Form 

1. I voluntarily consent to be a participant in the research project entitled "Practice 

schedule effects on the acquisition of skill and strength of the bench press during a 

4-week resistance training program." Marshall Naimo, B.S., is a graduate student in 

the department ofNutrition, Food and Exercise Sciences at FSU and is the Principal 

Investigator in this study. Lynn Panton, Ph.D., Nutrition, Food and Exercise Sciences 

Professor at FSU, is supervising this research. 

2. The purpose of our tudy is to investigate the effects of different practice chedules 

during the implementation of a resistance exercise training (RET) program to see which 

is better for kill acquisition and for strength gains. 

3. My participation in this project wHI require my attendance at The Florida State 

University E ercise Physiology Laboratory for a total of 7 week to complete the 

experimental protocol explained below. 

4. On the first day of the tudy, I will come to the · xerci e Physiology Laboratory to get 

acquainted to the testing procedures and be instructed to the expectations of the study. 

Additionally, I will be screened to certify that I meet the specific requirements to 

participate in the study . I am aware that in order to pa11icipate in the study that I must be 

considered reasonably healthy, be between the age of 18-26 and not have any upper 

extremity mu culoskeletal injuries for at least one year. I understand that 1 may be 

excluded from the study if it is found that I have any signs or symptoms of health-related 

problems that would compromise my ability to complete the protocol or my health, as 

will be assessed on my health history questionnaire. I also understand that I may be 

dismi se.d from the study at anytime if there are indications that my health and/or ability 

to complete the protocol may be compromised. My anthropometric data (measurement of 

height and weight) along with my age will be obtained after being explained the 

requirements and basic overview of the study. During the study, I will have strenf,Tth 

measurements taken for the bench press and performance measurements taken for dart

throwing, at baseline (pretest)· after 1 and 2 weeks into my RET program; and 3 days 

after completion of my 4 week program (posttest). Additionally I will have 

mea urements taken 9 days after the posttest during the retention test. 

5. Every time 1 come into the lab for a training session, I will have to fill out a 24-hour 

history questionnaire. This questionnaire requires me to describe information about 

myself such a:s the amount of sleep I got, foods and beverages I consumed, any physical 

activity I performed and my general feelings . I understand that I will be asked to 

maintain the consistency of my answers for each questionnaire to the best of my ability . 

In addition, I understand that my answers on this questionnaire will remain confidential 

and only the primary investigator will review it. 

FSU Human Subjects Committee Approved 10/6/10. Void after 3/16/11. HSC #2010.4695 
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APPENDIX D 

HEALTH HISTORY QUESTIONNAIRE 

 



59 
 

Health History Questionnaire 

 

1. Has your doctor ever said that you have a heart condition and that you should only do physical 

activity recommended by a doctor? 

 

 

2. Do you feel pain in your chest when you do physical exertion? 

 

 

3. In the past month, have you had chest pain when you were not doing physical activity? 

 

 

 

4. Do you lose your balance because of dizziness or do you ever lose consciousness? 

 

 

 

5. Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse 

by a change in your physical activity? 

 

 

 

6. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or 

heart condition? 

 

 

7. Do you know of any other reason why you should not do physical activity? 

 

 

8. Please list all medications that you are currently taking.  Please include vitamins or supplements. 
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9. Have you regularly resistance trained for the last year? 

 

 

 

10. Have you ever performed the free weight bench press? If so, please state the total number of 

times you have performed the bench press as well as the duration of time that you have 

experience on the bench press (i.e. 2 months, 3 years, etc.).  

 

 

 

 

11. Do you have any experience throwing darts with your nondominant arm? 
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APPENDIX E 

BENCH PRESS INSTRUCTIONAL SHEET 
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Bench Press 

1) First, you want to be in the strongest position that you can be. In order to do this, you will arch your back as 

much as you can and pinch your shoulder blades together.  

a. To achieve this, grasp the bar a little wider than shoulder width, bring your feet underneath you, 

and use your toes as leverage.  

 

2) As you do this, pull yourself away from the bar as to arch your back as much as possible. When you begin 

this motion, take a breath.  

a. Once in this position, keep breathing and pinch your shoulder blades together.  

b. Let your butt come down onto the bench, and drive your shoulder blades into the bench.  

c. At this point, you should be in the strongest position possible, have a maximal arch, and have your 

shoulder blades pinched together.  

d. At all times, your butt and shoulder blades must remain on the bench. Your lower back should be 

maximally arched.  

 

3) From this position, use your toes to push yourself under the bench so that the bar is in line with your 

xiphoid process (the bottom of your sternum).  

 

4) At this point, push your toes out until your feet are flat on the ground.  

a. Now you will be able to use maximal leg drive throughout the bench press.  

b. While you are pressing, you want to drive your heels into the ground as much as possible, and 

utilize the bench as a total body exercise, not just a pectoral movement.  

 

5) Next, grab the bar so that the pinkies are on the rings of the bar. You will see this as you perform the 

motion.  

 

6) To lift off, first take a deep breath, and bring the bar out to your chest in line with the xiphoid process (the 

xiphoid process is located in the center of your chest, just below the breasts).  

 

7) After lifting off the bar, and after the command “start” has been given, take another deep breath and lower 

the bar.  

 

8) As you lower the bar, drive your shoulder blades into the bench and tuck your elbows. 

 

9) After lifting off and lowering the bar, during the pressing motion, pinch your elbows and shoulder blades 

together, and drive yourself into the bench.  

 

10) Hit the bar just on the xiphoid process.  

 

11) As soon as you touch, drive your heels maximally into the ground to explode back up.  

 

12) Make sure you push the bar in a straight line. After the command “rack” has been given, rack the bar.  

 

Summary of things to remember: Breathe properly; arch your back; pinch your shoulder blades; drive into the 

bench; hit the bar on the xiphoid process; use maximal leg drive. 
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APPENDIX F 

MOVEMENT COMPONENT CHECKLIST 
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Movement Component Checklist: 1RM 

 

Measurement: _____________________ 

                 

Please review the video of the participant’s video for each session and check off each of the 

following components of the bench press that the person performed correctly on their 1RM: 

 

______ Back Arched 

______ Shoulder Blades Pinched 

______ Butt Down 

______ Shoulders Down 

______ Head Down 

______ Feet Flat 

______ Feet in Leg Drive Position 

______ Touch the Xiphoid Process 

______ Elbows Tucked 

______ Even Extension 

______ Push Bar in a Straight Line 

______ Follow Commands Correctly 

______ Pinky Fingers are on the Rings of the Bar 

 

 

Score (out of 13): __________    Reviewer: _____________________ 

 

Comments: 
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