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ABSTRACT 

The purpose of this study was to examine the effectiveness of single-set resistance 

training compared to three-set resistance training during the maintenance phase of the 

collegiate football season. Specifically, the two purposes of this study were: 1) to 

compare the change in converted 1 RM (repetition maximum) bench press from a pre- 

and post-season test for the single-set group and the three-set group, and 2) to compare 

the change in converted 1 RM parallel squat from a pre- and post-season test for the 

single-set group and the three-set group. Twenty-four NCAA Division III collegiate 

football players voluntarily participated in the study. The participants were divided into 

single-set and three-set strength maintenance groups. Both groups participated in a ten 

week maintenance program with the volume of sets being the independent variable. Prior 

to and following the season the participants performed a submaximal bench press and 

parallel squat test. The submaximal test results were converted to 1 RM’s. The results of 

the tests were then analyzed using a 2 (test) X 2 (group) mixed ANOVA. No significant 

differences were observed within or between the groups from the pre-season to post-

season tests. Neither maintenance protocol produced significantly superior results than 

the other. Therefore, it was concluded that based on the reduced training time required 

and reduced possibility of overtraining, single-set programs should be used to maintain 

strength during the collegiate football season. 
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CHAPTER 1 
 

INTRODUCTION 

 The last 20 years have seen an expansion in the field of physical training research 

conducted by exercise scientists around the world. One of the major areas of study within 

this field involves the development of strength through various weight lifting protocols. 

Traditionally, coaches have adhered to generic training regimens based on the findings of 

Berger (1962). This early research found that a volume of three sets provided the best 

strength gains in individuals (Berger, 1962), however, recent weight lifting research 

challenges the long held standards of strength training. In particular, many exercise 

scientists have found that single-set training volumes may be as effective as multiple-set 

protocols (Carpinelli & Otto, 1998; De Hoyos et al., 1998; Hass, Garzarella, De Hoyos, 

& Pollock, 2000; Fincher, 2000; Wolf, Vaerio, Strohecker, & Szmedra, 2001; Fincher, 

2003; Baker & Cooper, 2004). The focus of recent research in the field of resistance 

training has addressed the area of increasing maximum strength. Researchers have 

studied several contributing factors to strength training including: intensity, frequency, 

velocity, and volume of training.  

 The majority of recent research has shown that intensity of training may be the 

most important factor in determining the development of muscle strength (Legg & 

Burnham, 1999; Hoffman, Wendell, Cooper, & Kang, 2003). Contradictory research 

exists as to whether single-set resistance training is as effective as multiple-sets. The 

latest research suggests that, in regards to increasing strength, multiple-set training may 

have slightly greater benefits than single-set programs (Kramer et al., 1997; Kraemer et 

al., 2000; Marx et al., 2001; Schlumberger, Stec, & Schmidtbleicher, 2001; Paulsen, 
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Myklestad, & Raastad, 2003; Kemmler, Lauber, Engelke, & Weineck, 2004; Munn, 

Herbert, Hancock, & Gandevia, 2005). However, these studies dealt mainly with the 

increase of muscle strength and not with the maintenance of strength over a period of 

time.  

 It is possible that single-set resistance training may be sufficient to maintain 

strength over the course of a competitive football season. There have been no studies to 

date dealing with single-set volumes of weight training during the maintenance phase of a 

football season. In-season studies are difficult to undertake because coaches may be 

unwilling to risk trying something new and unproven.  

 A need exists for research in the area of maintaining strength. Results of such 

research may influence how amateur and professional sports teams train during the 

competitive season. Contemporary coaching philosophy calls for a reduction in the 

frequency of resistance training from three to two times per week during the season 

(Ebben & Blackard, 2001). This was done to allow for more practice time and to help 

prevent overtraining while maintaining the strength gained during the off-season. The 

typical in-season strength training program for a football team requires players to lift 

three sets for each of six to ten exercises two days a week. The first two of the three sets 

are usually performed with lighter loads making sure not to achieve muscle failure. The 

third set of each lift is then performed to failure so that the lifter is unable to complete the 

final repetition (Ebben & Blackard, 2001). In a sport as time consuming as football, the 

development of more efficient training methods can add much needed time to game 

preparation and athlete recovery. Until now little research has been performed on the 
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maintenance phase of strength training, and even less is known about single-set training 

during the competitive season.  

Statement of the Problem  

 The purpose of this study was to examine the effectiveness of single-set resistance 

training compared to three-set training during the maintenance phase of the collegiate 

football season. Specifically, the two purposes of this study were: 1) to compare the 

change in converted 1 RM (repetition maximum) bench press from a pre- and post-season 

test for the single-set group and the three-set group, and 2) to compare the change in 

converted 1 RM parallel squat from a pre- and post-season test for the single-set group 

and the three-set group.  

Significance of Study 

 The maintenance phase of the college football season begins the week of the first 

game and ends the week of the final game. The purpose of this phase is to maintain the 

muscle strength that has been gained during the off-season training program. While many 

teams reduce the frequency of in-season training from three to two days per week, few 

actually reduce the actual training volume. A reduction in lifting volume from three sets 

per exercise to a single-set would reduce the time needed for weight training by nearly 

one third. This would result in more time for game preparation, performing alternate lifts, 

practice, and athlete recovery. By reducing the load placed on the athlete, it could 

decrease the possibility of overtraining. Overtraining is a serious problem that can result 

in athletes having to miss practices and games in order to recover from the stress that 

training has placed on the body (Brooks, Fahey, & Baldwin, 2005). The extreme time 

crunch faced by all college football programs and the possibility of overtraining create a 
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need for more pertinent research on single-set strength maintenance during the 

competitive season. The results of this study could lead to changes to not only how 

football teams structure in-season weight training, but how other sports approach strength 

training and maintenance.  

Hypothesis 

 The hypothesis of this study was that there would be no significant difference in 

the ability to maintain strength, as measured by bench press and parallel squat, between 

single-set resistance training and three-set resistance training programs when all other 

variables were held constant. This hypothesis was based upon previous research which 

has found single-set resistance training to be just as effective as multiple-set protocols at 

increasing strength (Carpinelli & Otto, 1998; De Hoyos et al., 1998; Hass et al., 2000; 

Fincher, 2000; Wolf et al., 2001; Fincher, 2003; Baker & Cooper, 2004). 

Delimitations 

 Multiple delimitations were made in order to narrow the scope of this study. 

These delimitations are discussed in this section. 

1. The participants in this study included only male college football players that play 

the positions of defensive back or wide receiver. This eliminated the differences that 

may occur when using athletes of various sports and positions because of body size 

and composition.  

2. The participants in this study were members of an NCAA Division III college 

football program. Division III football programs are comprised of non-scholarship 

student athletes. 
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3. The bench press and parallel squat were used because these two exercises represent 

major muscle movements that convert well to on the field performance and are also 

common measurements that are used by coaches in all levels of football to judge the 

strength of their athletes. The bench press and squat are also good measurements of 

strength changes that occur because increases in the amount of weight lifted are 

unlikely to result from changes in technique or form.  

4. The final delimitation of this study is the approximation method of estimating 1 RM. 

A converted 1 RM was determined using the Wathan formula which approximates a 

1 RM based on the maximum weight lifted between six and eight repetitions (Lesuer, 

McCormick, Mayhew, Wasserstein, & Arnold, 1997). A converted 1 RM was used to 

avoid the potential for injury prior to the beginning of the season that can occur when 

attempting a one repetition maximum (Baechle, Earle, & Wathen, 2000).  

Limitations 

 Several attributes of this study served as limiting factors; these limitations are 

discussed in this section.   

1. The nature of this study and the use of football players during their competitive 

season it made it impossible to have a traditional control group that abstained from 

strength training. However, the results of both groups studied will be compared to the 

strength maintenance of the rest of the football team participating in a more 

traditional in-season protocol. 

2. Perhaps the greatest limitation of this study was that the number of participants was 

limited to 24 players. The participation of all members of the football team may have 

provided more information about how manipulating the volume of weight training 
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affects the maintenance of strength from the beginning to the end of the football 

season.  

Assumptions 

 Multiple assumptions about the behavior of the participants were made during the 

course of this study; these assumptions are listed in this section. 

1. The use of steroids by athletes is banned by the NCAA and it was assumed that none 

of the participants in this study consumed steroids at any time during this research. 

Prior to the beginning of the season players were informed by the Athletic Director 

of the school that they would be subject to random drug tests that would indicate 

steroid usage. The NCAA also requires mandatory testing of football players that 

participate in the NCAA playoffs. All of the participants in this study were aware of 

this fact because of the team’s involvement in the NCAA playoff in the year prior to 

this study.  

2. It was assumed that all participants in this study were giving maximum effort 

throughout the study during all training sessions. The weights chosen by the 

participants for each lift were closely monitored to ensure that individuals were not 

exerting submaximal effort. The highly competitive environment of Division III 

College Football regarding playing time and strength training also served as 

motivation to exert maximum effort during training. 

3. The participants were instructed to perform only the lifts detailed by their training 

protocol and not to perform any other form of strength training on their own time. 

During the course of this study no participants were observed performing outside 

training. 
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Definition of Terms 

 This section identifies all of the terms used in this study and defines the 

techniques used to perform the bench press and parallel squat. 

1. One repetition maximum or 1 RM: the maximum amount of weight that can be lifted 

for one repetition (Baechle et al., 2000). 

2. Converted 1 RM: an estimation or prediction of 1 RM from multiple-RM loads based 

on the formula developed by Wathan (Lesuer, McCormick, Mayhew, Wasserstein, & 

Arnold, 1997). 

3. Intensity: the percentage of 1 RM lifted during an exercise. 

4. Set: a series of repetitions of an exercise performed in succession without rest. 

5. Volume: the number of sets performed per training session. 

6. Frequency: the number of training sessions per week. 

7. Bench Press: a lift performed with the participant lying supine on a bench with both 

feet on the ground and the shoulders and hips in contact with the bench. A weighted 

barbell is then lowered from a position of elbow extension until it touches the chest, 

then the weight is lifted back up to full elbow extension. The hands of the participant 

grasp the barbell so that the inside of the hand is on the same plane as the outside of 

the shoulder (LeSuer et al., 1997).  

8. Parallel Squat: a lift performed with the participant standing with both feet parallel 

and flat on the ground with the inside of the foot on the same plane as the outside of 

the shoulder. A weighted barbell is then placed on the shoulders behind neck with the 

hands gripping the bar so that the inside of the hand is on a plane even with the 

elbow. The participant begins the lift from full knee extension and then bends at the 
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knee until the top of the thigh is parallel with the ground. Once the thigh is parallel 

with the ground the subject lifts the weight until the knee is at full extension (LeSuer 

et al., 1997). 

9. One-set or Single-set Group: the group of participants that performed one set of each 

exercise during each training session. 

10. Three-set or Multiple-set Group: the group of participants that performed three sets 

of each exercise during each training session. 

11. Failure: performing a lift until the participant is unable to complete a repetition. 

12. In-season: the period of time beginning the Monday prior to the first game of the 

season until the last game of the regular season was completed. 

13. Strength: the maximal force that a muscle or muscle group can generate at a 

specified velocity  

14. Power: the time rate of doing work 

15. Linear Training: intensity and volume are manipulated through the various 

mesocycles of the training year (Hoffman et al., 2003).  

16. Non-linear Training: intensity and volume are manipulated within a training 

mesocycle (Hoffman et al., 2003).  

17. Periodized Training: characterized by a large initial training volume at a moderate 

intensity (5 x 10 RM), with progressive increases in intensity and sharp decreases in 

volume while working to a peak intensity (3 x 1-3 RM) (Baker et al., 1994).   

18. Non-periodized Training: a non-varied prescription of training volume and intensity 

(Baker et al., 1994). 
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19. Undulating Periodized Training: characterized by an undulatory manipulation of 

volume and intensity across a training cycle, such as short periods of high volume 

alternating with short periods of high intensity (Baker et al., 1994). 
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CHAPTER 2 

LITERATURE REVIEW 

 The purpose of this study was to compare the strength maintenance of the bench 

press and parallel squat when performing single-set resistance training and three-set 

resistance training during the college football season. The plausibility of in-season 

strength maintenance, various protocols for maintaining muscle strength and power 

during the competitive football season, the effectiveness of single-set and multiple-set 

resistance training at maintaining and increasing strength, and the measurement of 

strength using submaximal tests will be reviewed further in this section.  

Plausibility of Strength Maintenance during the Competitive Football Season 

 The primary goal of in-season football weight training programs is the 

maintenance of the strength and power developed during an intense off-season program. 

Most football programs reduce training frequency to two periods per week during the 

competitive season (Ebben & Blackard, 2001). Reducing the frequency of strength 

training sessions is necessary to accommodate the additional time required by on the field 

practice during the season. This reduction in training accompanied with a concentration 

on the development of football skills leaves much less time for the improvement of 

strength and power.  

The relatively few studies performed on the in-season maintenance of strength 

and power has produced mixed results. These studies have compared the effects of 

intensity, volume, linear and non-linear structures, and concurrent conditioning. Several 

studies have shown that strength and power can be maintained or even increased during 

the season (Jones, Hunter, Fleisig, Escamilla, & Lemark, 1999; Baker, Wilson, & 
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Carlyon, 1994; Hoffman et al., 2003; Hoffman & Kang, 2003; Baker, 2001). However, 

other studies have found that strength and power measures tend to decrease during the 

season (Legg & Burnham, 1999; Scheidner, Arnold, Martin, Bell, & Crocker, 1998; Dos 

Remedios, et al., 1995). These studies can appear contradictory, but the conclusions made 

by these studies can be explained by variations in the training structure, volume, 

intensity, and muscle group.  

 The purpose of in-season training is to maintain strength and avoid the effects of 

detraining that occur when the frequency of resistance training is reduced to two sessions 

per week (Schneider et al., 1998). Over the course of the competitive college football 

season a reduction in training frequency has been shown to result in significant decreases 

in upper and lower body strength (Schneider et al., 1998). Several studies have shown 

that the reduction of in-season strength training to two sessions per week makes it 

extremely difficult to maintain strength gained during the off-season.  A study of 28 

collegiate football players divided into linemen and non-lineman groups found significant 

decreases in both absolute strength and power (Schneider et al., 1998). The in-season 

training consisted of two workouts every week. The first day athletes were involved in a 

whole body strength program at 85% maximum intensity. The second training day 

consisted of similar training sessions at only 60% of maximum intensity. The researchers 

found that absolute strength measured by 1 RM bench press actually decreased by 8% 

during the competitive season. The authors attributed this result to two factors. First, the 

level of strength attained during the off-season may have represented peak genetic levels 

for many players. Secondly, the in-season schedule of training just two days a week may 

have lacked the intensity needed to maintain strength and power. The shoulder abductor 
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strength of the non-linemen also decreased leading the authors of this study to conclude 

that smaller muscle groups may be more susceptible to rapid detraining. The results of 

this study were confirmed by Legg and Burnham (1999) as shoulder abductor strength 

declined approximately 28% during the football competitive season. The reduction in 

shoulder abductor strength may also be a result from a reduced emphasis on auxiliary lifts 

during the competitive season. Many football programs limit in-season resistance training 

to core muscle groups.  

 Despite the detraining discovered in these studies, there are a number of other 

studies finding that strength and power maintenance can be achieved. Some evidence 

exists that strength maintenance is achievable despite a reduction in training frequency. 

Baker (2001) found that collegiate and professional rugby football players were able to 

maintain strength during a 29 week in-season training period. Baker (2001) found that the 

college age athletes were even able to significantly increase their 1 RM bench presses by 

4.9%. The majority of these gains occurred within the first nine weeks of an in-season 

training regimen. Baker also tested for gains in the maximum squat, jump squat, and 

bench throw. There were no gains made in these lifts, but both the collegiate and 

professional players were able to maintain their performance.  

 Schneider et al. (1998) found that bench press 1 RM decreased 8% over the 

competitive season as a result of aerobic demands of Canadian football; however, Baker 

(2001) reported bench press 1 RM increased despite a large concurrent aerobic workload. 

Rugby players can cover an average distance of 5-8 km every game. Baker argued that 

the increases were found in the college group only because of their more intense off-

season endurance conditioning and the fact that the professionals may have already 
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developed peak bench press performance. The results of Baker’s study also show that 

upper and lower body power can be maintained throughout a season. Baker cited the 

periodization and prioritization of training as important factors in strength and power 

maintenance and in the ability to minimize interference due to the concurrent training. 

The author concluded that the best way to accomplish this is to ensure that resistance 

training occurs prior to aerobic training or on alternate days. A similar study with female 

volleyball players found jump squat power to increase during an in-season program 

(Robertson, et al., 2001). While these studies were in non-football sports, the physical 

demands are similar enough to contribute to the idea that in-season football maintenance 

is achievable.  

 Several studies directly involving the use of college football players have also 

shown support for in-season strength maintenance. Hoffman and Kang (2003) supported 

the findings of Baker (2001) and Robertson et al. (2001) that strength can be maintained 

and even increased during the competitive season through participation in a training 

program two days a week. Hoffman and Kang (2003) studied 53 NCAA Division III 

football players tested in the following lifts: (1) the power clean, (2) squat, (3) push press, 

and (4) bench press. All four strength measurements were maintained during the season 

and the one repetition max squat was significantly increased by an average of 8 kg. The 

authors hypothesized that their findings could be attributed to a learning effect on the 

squat because few of them had performed the squat during their high school playing days. 

They also speculated that the intensity of training was one of the most crucial factors to 

achieving gains in the squat. Subjects who had trained the squat at greater than 80% of 

their 1 RM max found a 2.5 fold greater increase than those who performed less than 
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80% of their maximum squat. Although not significant, similar results were found in the 

area of bench press when comparing training intensity above or below 80%.  Legg and 

Burnham (1999) also found squat strength increases of 4% and anaerobic power 

maintenance during an in-season football program. Legg and Burnham (1999) attributed 

these findings to the increased intensity of leg exercises during in-season training. The 

results of these studies suggest that the intensity of training is one the most important 

factors influencing the success of an in-season football strength and power program.  

 In 2003, Hoffman et al. compared linear and non-linear training of college 

freshmen football players. Results of this study showed that strength and power can be 

maintained and possibly increased during the competitive season. They found increases 

in one repetition max squat within the linear training group similar to the findings of 

Hoffman and Kang (2003). While max squat was found to significantly increase, the 

players were able to maintain strength in the bench press, power clean, and push press 

(Hoffman et al., 2003). The research cited an increased focus on leg strength in football 

and the maintenance of a high intensity low frequency training program within the linear 

group as the primary factors leading to the results of their study. The intensity of the 

training once again appeared to be the primary variable leading to strength maintenance. 

The research done by Hoffman et al. (2003), Hoffman and Kang (2003), Baker (2001), 

and Robertson et al. (2001) demonstrate that in-season strength and power programs in 

football can certainly maintain strength and may even be able to increase strength, 

especially in less experienced athletes.  
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Training Structures Best Suited for Strength Maintenance 

 The physical demands of the game of football are responsible for the importance 

of strength and power maintenance during the competitive season. Recent research has 

investigated the impact of training structure on the ability to maintain strength during the 

competitive season. 

 Research regarding the structure of training programs has shown that it may not 

be crucial to strength and power maintenance. One study performed by Baker et al. 

(1994) divided 22 male athletes into three groups. One group performed a traditional or 

non-periodized training program, another a linear periodized program, and a third group 

an undulating periodized method. The traditional group followed a prescription of 

constant volume and intensity represented by three sets of six to eight repetitions. The 

periodized group performed a large initial training volume at moderate intensity of five 

sets of ten repetitions. This group progressively increased its intensity and decreased its 

volume during the course of a 12 week program until reaching a level of three sets of one 

to three repetitions. The undulating periodized group was characterized by short periods 

of high volume alternated weekly with short periods of high intensity. The 12 week total 

of volume and intensity were equal among the three training structures. All three groups 

resulted in 27-28% increases in 1 RM squat, providing no significant differences. The 

traditional, linear, and undulating groups produced statistically equivalent increases in 1 

RM bench press (13-16%) and vertical jump (8-9%).  

 Willoughby (1993) previously found linear periodized structures to produce 

superior training to traditional structures, but his study failed to control for the volume 

and intensity of the training. The success of linear periodization models over traditional 
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approaches found by Willoughby (1993) may have hinged on higher training volumes or 

intensities and may not be attributed to the actual structure of training. This view is 

supported by Baker et al. (1994) who found no significant differences among the 

traditional, linear, and undulating training structures while being controlled for volume 

and intensity.  

 A similar study conducted by Hoffman et al. (2003) compared linear to nonlinear 

training structures during the competitive season of college football players. Both groups 

trained twice every week in the following lifts: power clean, squat, push press, and bench 

press. The linear group performed three sets at 80% intensity on both days. The nonlinear 

group performed three sets of 70% intensity the first day and three sets of 90% intensity 

the second day. A significant improvement in 1 RM squat was found in the linear group 

but not in the nonlinear group. No significant differences in the amount of change in 

bench press or body mass were found between the two groups. The findings of this study 

suggest that in-season strength maintenance may be more closely related to the intensity 

of training because of the low volume that must occur during the competitive phase. 

These findings tend to support the results found by Hoffman and Kang (2003) in their 

study of an in-season football resistance training program.  

Hoffman and Kang (2003) found that training volume had little or no effect on in-

season strength gains, while intensity was positively correlated with strength 

improvements. Subjects training at intensities greater than 80% of their max experienced 

strength gains, whereas athletes training under 80% intensity experienced decrements in 

the bench press. These results led the authors to also conclude that the intensity of in-
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season workouts is the most influential factor contributing to the maintenance of strength 

and power during the competitive football season (Hoffman & Kang, 2003). 

 A factor that may act to limit the ability of in-season football programs to 

maintain strength and power is the wide variety of training that players must go through 

to achieve high performance. In addition to strength and power training, football players 

must also train their agility, speed, and endurance during the season. This raises the 

question as to whether this type of concurrent training hinders the ability to maintain 

strength during the course of a season. Baker (2001) examined the effects of concurrent 

training on the maintenance of maximum strength and power in collegiate rugby players. 

Baker found that the maximum bench press for the players actually increased 

significantly by 4.9% during the course of a 29 week season. This increase was found in 

spite of a conditioning program occurring simultaneously. This study also showed that 

the bench throw and jump squat, both measures of power, remained constant over the 

length of the season. The results of this study involving rugby players may demonstrate 

that strength and power maintenance could also be achieved in the sport of football where 

concurrent training is unavoidable. Baker suggested that the interfering effects of 

concurrent training can be avoided with the proper prioritizing, sequencing, and timing of 

training sessions. Consequently, strength and power training should occur before 

conditioning training or on alternate days. This style of sequencing reduces fatigue and 

allows for maximum intensity during each exercise.  

Although limited research has investigated the in-season maintenance of strength 

and power in the sport of football, there are several recommendations that can be 

provided from the present critical review. The majority of studies suggest that it is 
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possible for football athletes to maintain both strength and power during the competitive 

season (Baker et al., 1994; Baker, 2001; Hoffman et al., 2003; Hoffman & Kang, 2003). 

While several studies have shown slight in-season gains in various muscle groups, these 

gains are usually small and occur with subjects who have not had a long history of 

resistance training. Therefore, for collegiate and professional football teams the goal of 

in-season resistance training should be on the maintenance of the strength and power 

gains developed during the off-season. High-school football teams, on the other hand, can 

use in-season lifting programs to increase strength and power in novice players. A 

description of these in-season strength maintenance studies can be viewed in Table 1. 

 
      Table 1 
 
      In-Season Studies 
 

   Study  Sport  Lifts   Protocol  Subjects Findings 
 

   Baker et al., 1994 Male Athletes Squat and Bench Press linear, undulating, and  Trained males All 3 groups: 27%  
                       non-periodized    increase in squat  

             13% inc. in bench 
 
   Schneider et al., Football  Bench Press  2 days/wk, 85% day 1,  Trained males 8% decrease   
   1998        60% day 2 for 10 wks   in bench  
 
   Legg & Burnham, Football  Shoulder Abductor  2 days/wk, 85% day 1,  Trained males 28% decrease 
   1999        60% day 2    in shoulder strength 
 
   Baker 2001               Rugby  Bench Press  2 days/wk with variable Trained males 4.9% increase 
        training for 29 wks    in bench 
 
   Hoffman et al.,  Football  Bench Press  3 sets at 80% vs. 3 sets at Trained males No differences b/w  
   2003        70% and 90%    groups 
  
   Hoffman & Kang,    Football  Bench Press and Squat 2 days/wk 3 sets of 6-8  Trained males Intensity >80% 
   2003        repetitions >80% vs. <80%   produced greatest  
             gains   
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The research on in-season resistance programs has looked at several different 

types of training structures with the goal of maintaining off-season gains. Neither type of 

training design linear or non-traditional, was found to provide consistently better results. 

It is believed that the lack of training frequency during the competitive season eliminates 

any of the benefits that have been demonstrated when periodized training is used during 

off-season programs where training sessions occur three to four times a week. It appears 

that the most important variable affecting in-season strength and power maintenance is 

the intensity of the training with little or no influence attributed to the volume. The 

intensity of training is the difference between being able to achieve maintenance and not 

being able to maintain strength and power. 

Support for Multiple-Set Programs 

 Since the completion Berger’s seminal study in 1962 that established multiple-set 

training as the cornerstone to resistance training, several studies have recently supported 

Berger’s conclusion. One such study by Kraemer et al. in 2000 compared the effects of 

single and multiple set resistance training programs among female collegiate tennis 

players. Kraemer et al. found that over a nine month period the multiple-set group 

increased strength in the bench press and leg press by 36%. In comparison the single-set 

group produced increases in strength of 11% (Kraemer et al., 2000). The single-set group 

experienced gains for only the first four months of training while the tennis players in the 

multiple-set group saw gains through all nine months. The researchers attributed these 

results to the need for increases in volume due to adaptations by the neuromuscular 

system which requires more stimuli. Kraemer et al. (2000) failed to control for intensity 

of training in that the multiple-set group was asked to perform sets of eight to ten 
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repetitions while the single-set group performed repetitions between four to ten sets. This 

variation in intensity made it difficult to attribute the differences in strength gains to 

volume alone. A similar study of female subjects conducted by Marx et al. (2001) also 

found that multiple-set training produced superior strength gains over single-set 

protocols. However, like the 2000 study by Kraemer et al., Marx et al. also failed to 

control for intensity, thus making it difficult to conclude with certainty that the results 

were due solely to volume. Another study failing to control for intensity was performed 

by Sanborn et al. (2000). Sanborn et al. (2000) examined untrained women and found 

that multiple sets were superior for increasing lower body power but no better than 

single-sets at increasing squat strength. While these three studies found better results in 

the multiple-set groups, the variation in intensity raises questions about their conclusions.  

 Schlumberger et al. (2001) examined the effectiveness of single and multiple-set 

resistance training volumes with 27 females with previous training experience. This study 

controlled for intensity by having both groups perform six to nine repetitions for six 

weeks. The results showed that the multiple-set group experienced a bench press increase 

of 10% while the single-set group found no increase in bench press. This study suggests 

that the increased stimulation provided by the multiple sets resulted in better strength 

gains in previously strength trained women.  

 Kemmler et al. (2004) studied untrained women and the effects of single and 

multiple-set resistance training. This long-term study was performed over five years and 

included 71 postmenopausal women. The women were tested for strength gains in their 

legs, backs, abdominals, arms, chests, and shoulders. The researchers found that on 

average the multiple-set women increased strength by 3.5-5.5%. In contrast, the single-
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set group actually saw decrements in strength of 1.1 – 2.0%. The data from this study 

suggests that for older women multiple-set resistance training is better for increasing 

strength. While this may be true, the results of this study likely do not apply to male 

athletes due to the older age of the women and their lack of experience in the weight 

room.  

In 2003 Paulsen et al. reported a study on untrained men that controlled for all 

variables except volume. This study looked at upper and lower body strength gains over 

six weeks of resistance training. The results demonstrated that three sets were superior to 

one set in building leg strength among untrained men. The multiple-set group saw a 1 

RM squat increase of 23% compared to an 11% increase achieved by the single-set 

group. However, no differences were found when comparing gains in upper-body 

strength. This study suggests that volume of training may affect the lower and upper body 

differently. 

Munn et al. (2005) performed a study of untrained subjects similar to the 2003 

study by Paulsen et al. This study used 115 previously untrained men and women, and 

examined the effects of training volume and velocity of contraction on bicep strength 

over a six week period. The subjects were divided into four groups: single-set with fast 

contractions, single-set with slow contractions, multiple-sets with fast contractions, and 

multiple-sets with slow contractions. The researchers found that the multiple-set group 

elicited greater strength gains than the single-set group. Also, the fast contraction groups 

resulted in greater strength increases than the slower contraction groups. While the 

single-set group increased strength by 25%, the multiple-set subjects increased their bicep 

curl 1 RM by 48%. However, there was no evidence to suggest that combining multiple-
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sets with fast contractions resulted in any additional benefits. The authors concluded that 

for the initial stages of training, multiple-set training results in greater increases in bicep 

strength among untrained men and women.  

 Two recent studies found that multiple-set protocols resulted in superior strength 

gains among trained males. A comparison of 16 previously trained men performed by 

Rhea et al. in 2002 compared the effectiveness of single and multiple set programs at 

increasing the bench press and leg press. With all factors being held constant, the 

multiple-set group saw gains of 33% and 56% in the bench and leg presses respectively. 

While the single-set group only achieved a bench press increase of 20% and a leg press 

increase of 26%. While this study did isolate volume as the variable, it consisted of a 

relatively small sample size. A similar study of by Kramer et al. (1997) found that after 

14 weeks of training a multiple-set protocol produced 50% greater increases in 1 RM 

squat than the single-set group. However, both training groups elicited increases in 1 RM 

squat. This same study also looked at the impact of intensity and training variation. 

Despite their results Kramer et al. concluded that intensity and variation of training may 

be a more important factor in increasing strength than volume. These two studies using 

previously trained men provide significant evidence that multiple-set resistance training 

result in greater strength increases for competitive athletes.  

 While these studies do provide substantial evidence as to the superiority of 

multiple-set strength training programs over single-set programs, several deal with 

untrained women and none of them directly examine the success of single-set training 

during the maintenance phase of training. Table 2 describes these studies in detail. 
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    Table 2 
 
    Studies Supporting Multiple-Sets 
 
    Study               Sport    Lifts      Protocol     Subjects    Findings 
 
      Kramer et al.,       Male Athletes    Squat       3 set vs. single set lifting    Trained males          MS saw 50% greater             
      1997           for 16 weeks        gains in squat 
 
      Kraemer et al.,        Tennis                   Bench Press and Leg Press     3 days/wk multiple vs.           Trained females     MS group saw 36% 
      2000           single set training                      increase, SS group 
            No control for intensity       saw 11% increase 
 
      Marx et al.,             Female Athletes    Bench Press and Leg Press     3 days/wk multiple vs.           Trained females       MS group saw 30% 
      2000           single set training                      increase, SS group 
          No control for intensity       saw 10% increase 
  
      Sanborn et al.,        Female Athletes    Lower Body Power                 3 days/wk multiple vs.           Trained females       MS group saw greater  
      2000                                                                     single set training      gain in power but  
          No control for intensity       not squat strength 
 
      Schlumberger et     Female Athletes    Bench Press                    3 set vs. single set lifting,       Trained females       MS increased by 10% 
      al. 2001                        with intensity set at 70%       SS found no increase 
 
      Rhea et al., 2002     Male Athletes    Bench and Leg Press    3 set vs. single set lifting    Trained males     MS increased bench  
          3 days/wk, controlled for       33% and squat 56% 
          intensity        SS increased bench  
                20% and squat 26% 
 
      Paulsen et al.,       N/A     Squat      3 set vs. single set lifting     Untrained males     MS increased by 23% 
      2003          3 days/wk        SS increased by 11% 
 
      Kemmler et al.,       N/A     Legs, arms, back                    3 set vs. single set lifting     Untrained females    MS increased by 4%  
      2004          over 5 year period                      SS decreased by 1% 
 
 
      Munn et al., 2005     N/A         Bicep Curl     3 set vs. single set lifting     Untrained males       MS increased by 48% 
          3 days/wk for 6 weeks    and females     SS increased by 25% 

 

The results of these studies show that multiple-set training may be superior to 

single-set training in eliciting maximum strength gains. Further research is needs to 

compare the retention rates of recreational lifters on single-set programs and multiple-set 

programs. The effectiveness of multiple-set resistance training during reduced frequency 

training protocols, such as the maintenance phase, should also be studied in the future. 

This type of research will provide a better understanding as to where and when multiple-

set programs are more effective than single-set resistance training. 
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Support for Single-Set Programs 

 Despite the overwhelming acceptance of multiple-set strength training programs 

within the exercise professional community, there have been several recent studies that 

have challenged this research. Even so, the task of changing the prevailing wisdom is an 

extremely difficult one that will take time, additional research, and progressive 

professionals willing to challenge the status quo. Over the last decade, the debate over the 

effectiveness of single-set resistance training programs has heated up. Several recent 

studies have found that there exists no additional benefit to performing multiple-sets 

when training for strength increases (Hass et al., 2000, Baker & Cooper, 2004, Wolfe et 

al., 2001, Fincher, 2000, Fincher 2001, Fincher 2003,  & De Hoyos et al., 1998). 

 Hass et al. (2000) performed a study examining the effectiveness of single-set and 

multiple-set resistance training programs using male and female experienced 

weightlifters for 13 weeks. The subjects were divided into single and multiple-set groups, 

each performing 8-12 repetitions to failure at 75% 1 RM. The subjects were tested in the 

concentric muscle strength of the legs, chest, shoulders, and biceps. The results of the 

study found no statistical difference between the males and females. In all four exercises 

both groups experienced strength gains in 1 RM. The researchers found no significant 

differences in increased muscular strength between the single and multiple-set groups for 

any of the four exercises. The study also failed to find any differences in body 

composition or muscular endurance among the two groups. The authors concluded that 

there was no additional benefit to performing multiple-sets of resistance training over a 

single-set within the first 13 weeks of a resistance training program using previously 

trained individuals. Baker and Cooper (2004) reached a similar conclusion following 
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their study comparing single and multiple-set training programs performed by previously 

trained men. Baker and Cooper found that both groups displayed similar significant 

improvements in strength over the six week training regimen.  

 A similar study was conducted by Wolfe et al. (2001), though this study used 16 

previously untrained men and women divided into one-set and three-set resistance 

training groups. Each group performed the bench press for ten weeks. The exercise was 

performed at 75-80% 1 RM for six to eight repetitions three times per week. The results 

of the study found that bench press strength increased 22% for the one-set group and 31% 

for the three-set group. While the three-set group did receive slightly better increases in 

strength, they were not statistically significant. The researchers concluded that one-set 

strength training protocols have in large part the same strength-gain effects as multiple-

set training regimens.  

 A series of studies on collegiate football players from 2000 to 2003 were 

performed by Fincher (2000) who examined lower and upper body peak power among 40 

football players who were divided into single and multiple-set training groups. Both 

groups performed exercises of six to ten repetitions to volitional fatigue. Fincher found 

that peak upper and lower body power in the single-set group increased 34 watts and 41 

watts respectively. While the multiple-set group only increased upper body power by four 

watts and found no significant increase in lower body power. The results of this study 

suggest that a single-set high-intensity resistance program creates greater gains in upper 

and lower body peak power outputs than multiple-set programs for collegiate football 

players. In 2001 Fincher performed a similar study which found that single-set exhaustive 

resistance programs produce superior gains in the anaerobic energy system compared to 
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three-set programs. The third study by Fincher in 2003 once again studied 40 collegiate 

football players. One group performed resistance exercises for a single-set to exhaustion 

between six to ten repetitions. The second group performed three-sets of resistance 

training for six to ten repetitions but were not instructed to achieve maximum fatigue. 

The findings for this study were similar to the others in that greater strength gains were 

elicited by the single-set performed to exhaustion. Fincher suggested in this study that 

maximal fatigue is the stimulus that creates superior strength gains, not the number of 

sets or repetitions.  

 Another study supporting the effectiveness of single-set training was conducted 

by De Hoyos et al. (1998). Unlike the previous short duration studies, this program lasted 

for 25 weeks. De Hoyos et al. studied the adaptations in muscular strength throughout the 

25 weeks for subjects in a single-set program and those in a three-set resistance training 

program. The results showed that both groups produced similar long-term muscular 

strength and endurance improvements. The researchers concluded that single and 

multiple-set programs elicit equivalent gains in strength while the multiple-set protocol 

resulted in slightly better improvements in muscular endurance.  

 There have been several studies over the last decade supporting the use of single-

set strength training protocols. Table 3 provides a description of these studies supporting 

the use of single-set resistance training. 
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     Table 3 
 
     Studies Supporting Single-Set Training 
 

Study  Sport  Lifts   Protocol  Subjects         Findings 
 

De Hoyos et al., Male Athletes Upper and lower body  Single vs. 3 set lifting 3 Trained males       Both groups                      
1998       days/wk for 25 weeks                increased strength 

                          no significant  
                          diff. between groups 

                   
Hass et al., 2000 Weightlifting Legs, Chest, Shoulders, Single vs. 3 set lifting  Trained males       Both groups saw 
                    Biceps   3 days/wk at 75% intensity     and females          Increases in all 4 

                       for 13 weeks                 no significant diff. 
 
Fincher, 2000                 Football  Upper and lower body  Single vs. 3 set lifting, 3  Trained males       SS group had 
                    Power   days/wk at 65% intensity                significantly  

                          greater increases 
                          in all areas 
            
Wolfe et al., 2001            N/A  Bench Press  Single vs. 3 set lifting,  Untrained males    Both groups  

        3 days/wk at 75% intensity and females           increased  
                           no significant diff. 

                           between groups 
      

Fincher, 2003     Football  Bench Press  Single vs. 3 set lifting 3  Trained males        SS group had  
                       days/wk to failure                  significantly  
                           greater increases in  

                           all areas 
 
Baker & Cooper, Male Athletes Squat and Bench Press Single vs. 3 set lifting Trained males        No significant  
2004       3 days/wk for 6 wks                 differences 

                           between groups 
              

 

Single-set resistance training has been shown to increase upper and lower body 

strength at a frequency of three or more sessions per week. While some studies have 

found that these increases are smaller than those achieved through multiple-set training, 

single-set training can still be very useful. Research has shown that individuals that are 

not involved in competitive sports are more likely to adhere to a single-set training 

program because it requires much less time but still produces increases in strength. 
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The Accuracy of Equations for Predicting 1 RM from Repetitions to Fatigue 

 The most widely used method for measuring muscle strength is through the one 

repetition maximum protocol which requires the individual to lift a weight that they can 

only successfully lift one time (Mayhew et al., 1999), but the safety concerns over 

performing a 1 RM have led many high school, college, and pro football teams to turn to 

submaximal tests to measure strength (Mayhew et al., 1999). In order to approximate a   

1 RM, conversion equations are needed to convert a submaximal lift based on the weight 

and repetitions performed. In the last decade researchers have evaluated the accuracy of 

various equations at predicting a 1 RM from submaximal repetitions to fatigue.  

 One of the most commonly used equations by college and professional football 

teams to predict a 1 RM bench press is the National Football League’s (NFL) 225 lb test 

(Whisenant, Panton, Whitfield, & Broeder, 2003). This test requires the athlete to 

perform as many 225 lb bench press repetitions as possible before muscle failure occurs. 

A 1999 study examining the accuracy of the NFL’s 225 lb test found that it was 

significantly correlated with 1 RM (r = 0.96) when ten or fewer repetitions were 

performed. The accuracy of the prediction equation decreased when the performance of 

participants exceeded ten repetitions. The authors of the study concluded that the NFL’s 

225 lb test was a reasonably accurate method of predicting college football player’s 1 RM 

bench press (Mayhew et al., 1999). A similar study was performed in 1998 by Chapman, 

Whitehead, and Binkert. This study involved 98 NCAA Division II football players with 

strength training experience. The investigators in this study also concluded that prediction 

equations using a 225 lb bench press are an accurate method (r = 0.96, p < 0.001) for 

approximating a 1 RM. 
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 The most recent study examining the validity of submaximal prediction equations 

was performed in 2003 by Whisenant, Panton, Whitfield, and Broeder. This study 

evaluated the accuracy of 11 equations in predicting the 1 RM for a group of collegiate 

football players. Sixty-nine football players were asked to perform a 1 RM bench press 

following a nine week strength training program. Three days later the participants 

performed 225 lb bench press test where they completed as many repetitions as possible. 

Following the tests the 11 equations were evaluated on their accuracy at predicting 1 RM. 

This research found that the Wathen, Mayhew, and Epley equations were the most 

accurate in predicting 1 RM bench press (r = 0.917). The authors concluded that these 

prediction equations are a valid way of measuring 1 RM bench press and provide a safer 

alternative to 1 RM testing.  

 While the majority of research has focused on predicting a 1 RM bench press, 

there has been little research on the accuracy of equations to predict a 1 RM for other 

lifts. One of the most comprehensive studies investigating 1 RM prediction equations was 

performed in 1997 by LeSuer et al. The purpose of this study was to examine the 

accuracy of seven of the most common equations for predicting a 1 RM in the bench 

press, parallel squat, and deadlift. The results of this study found only the Mayhew and 

Watham formulas predicted 1 RM values for the bench press that did not differ 

significantly from the actual 1 RM values. In regards to the parallel squat, only the 

Wathan formula produced a 1 RM prediction that did not differ significantly from the 

actual 1 RM values. The Wathan formula was off by an average of 0.8% for the bench 

press and 0.02% for the parallel squat. LeSuer et al. concluded that the Wathan formula is 

the best predictor of both bench press and parallel squat 1 RM.  
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   The widespread use of submaximal testing by high school, college, and pro 

football teams around the country, combined with the accuracy of these conversion 

formulas, make this method of strength testing highly appropriate for a study examining 

the strength of college football players (LeSuer et al., 1997, Chapman, Whitehead, & 

Binkert, 1998; Mayhew et al., 1999; Beachle, Earle, & Wathen, 2000).  

Summary 

  Strength maintenance is an essential part of any college football program due 

mainly in part to the physicality of the sport. Research has shown that despite the 

reduction of training sessions to two workouts per week it is still possible to maintain the 

strength achieved during the off-season. Research suggests that the most crucial factor to 

strength maintenance is not the structure of the program, rather that the intensity is at 

least 80% of 1 RM and that the lifts are performed to muscle failure. Studies comparing 

single and multiple-set strength training have proven to be inconclusive. However, nearly 

all of the research demonstrates that single-set strength programs do in fact elicit strength 

gains, even if they are smaller than strength increases achieved in multiple-set programs. 

To date the large majority of single-set research has focused on increasing muscle 

strength. A need still exists for the study of the effectiveness of single-set resistance 

protocols during the maintenance phase of the competitive season. If single-set training 

can be effective during the season with reduced workout frequency, coaches may begin to 

change their beliefs about training volume during the season.   
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CHAPTER 3 

METHODS AND PROCEDURES 

 The purpose of this study was to compare the effectiveness of single and three-set 

resistance training protocols at maintaining strength during the competitive football 

season. Strength measures were taken on the bench press and parallel squat pre and post-

season to determine each program’s effectiveness. 

Participants 

 The subjects for this study included 28 male collegiate football players. The mean 

age of the participants was 20 years. Their mean height was 1.8 m (70.75 in) with a 

standard deviation of 0.04 m (1.75 lb). Their mean weight was 82.97 kg (182.92 lb) with 

a standard deviation of 5.3 kg (11.7 lb). The 24 participants were defensive backs or wide 

receivers on the SUNY Cortland football team. The SUNY Cortland football team is an 

NCAA Division III program. These positions were chosen due to their similar size and 

athletic abilities. Each subject was required to give their written informed consent to 

participate in this study. A copy of the Adult Informed Consent form is provided in 

Appendix A. The Institutional Review Board approved the research protocol before it 

began. The football players selected to participate in this study had at least three years of 

resistance training experience and at least one year of participation in the SUNY Cortland 

football team’s strength and conditioning program. All of the participants had experience 

in each of the various lifts required by the study and were given a refresher course on 

how to perform each lift safely and properly prior to the study.  
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 Prior to the study written approval for the use of members of the football team 

was provided by the Athletic Director and the Head Coach of the SUNY Cortland 

Football Team. 

Instrumentation 

 A Hammer Strength free weight bench press and 20.41 kg (45 lb) barbell were 

used to perform the bench press exercise for the pre-season submaximal test, post-season 

submaximal test, and the in-season resistance training program (Figure 1). A Samson free 

weight squat rack and 20.41 kg (45 lb) barbell were used to perform the parallel squat 

exercise for the pre-season submaximal test, post-season submaximal test, and the in-

season resistance training program (Figure 2).  

 

 

Figure 1. Hammer Strength bench press 
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Figure 2. Samson squat rack 

Procedures 

The 28 participants were randomly assigned to one of two groups: a single-set 

group and a three-set group. During the course of the season four players were removed 

from the study due to injury, leaving 12 participants for each group. The single-set group 

had a mean age of 20 years, a mean height of 1.81 m (71.17 in) with a standard deviation 

of 0.06 m (2.21 in), and a mean weight of 82.02 kg (180.83 lbs) with a standard deviation 

of 5.1 kg (11.25 lb) (Table 4). The multiple-set group had a mean age of 20 years, a mean 

height of 1.79 m (70.33 in) with a standard deviation of 0.03 m (1.07 in), and a mean 

weight of 83.91 kg (185 lb) with a standard deviation of 5.56 kg (12.25 lb) (Table 4). 
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     Table 4 
 
                Heights in m (in) and weights in kg (lb) of the 12 participants in the 
                single-set and multiple-set groups 

 Single-Set Group Multiple-Set Group 
Subject Height Weight Height  Weight 

1 1.78 79.38 1.75 83.91 
 70 175 69 185 
     
2 1.83 90.72 1.80 88.45 
 72 200 71 195 
     
3 1.78 81.65 1.80 83.91 
 70 180 71 185 
     
4 1.85 86.18 1.83 92.99 
 73 190 72 205 
     
5 1.83 77.11 1.80 86.18 
 72 170 71 190 
     
6 1.85 81.65 1.75 77.11 
 73 180 69 170 
     
7 1.80 83.91 1.78 79.38 
 71 185 70 175 
     
8 1.73 79.38 1.75 77.11 
 68 175 69 170 
     
9 1.91 90.72 1.83 88.45 
 75 200 72 195 
     

10 1.83 81.65 1.78 81.65 
 72 180 70 180 
     

11 1.70 74.84 1.78 90.72 
 67 165 70 200 
     

12 1.80 77.11 1.78 77.11 
 71 170 70 170 
     

Mean 1.81 82.02 1.79 83.91 
 71.17 180.83 70.33 185.00 

Std. Dev. 0.06 5.10 0.03 5.56 
 2.21 11.25 1.07 12.25 
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Prior to the commencement of the study every participant took part in a one 

month resistance training program designed for increasing strength. This training took 

place concurrently with pre-season football practice. The players trained three days per 

week for four weeks. The training targeted the upper and lower body. The players were 

required to perform six lifts: bench presses, parallel squats, hang cleans, bicep curls, dips, 

and four-way neck. Each exercise required three sets of six repetitions with the final set 

done to failure. All training sessions took place under the supervision of the investigator 

and the strength and conditioning coach.  

Prior to beginning of the pre-season each participant was randomly assigned to 

either the single-set or multiple-set group. The players’ names were then coded with a 

number and a letter corresponding to their group, (A for single-set and B for multiple-

set). The players were then given the protocols for their respective training regimens and 

each participant signed an adult consent form.  

Each player’s one repetition maximum was determined prior to the first week of 

the competitive season and following the end of the season for two lifts: the bench press 

and the parallel squat. All lifts were observed by the investigator to ensure that proper 

technique was used. Proper technique for a bench press repetition was defined as a lift 

performed with the participant lying supine on a bench with both feet on the ground and 

the shoulders and hips in contact with the bench. A weighted barbell was then lowered 

from a position of full elbow extension until it touched the chest, then the weight was 

lifted back up to full elbow extension completing one repetition (Figure 3, 4). The hands 

of the participant grasp the barbell so that the inside of the hand is on the same plane as 

the outside of the shoulder (LeSuer et al., 1997).  
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Proper technique for completing one repetition of the parallel squat was defined 

as a lift performed with the participant standing with both feet parallel and flat on the 

ground with the inside of the foot on the same plane as the outside of the shoulder. A 

weighted barbell was then placed on the shoulders behind neck with the hands gripping 

the bar so that the inside of the hand was on a plane even with the elbow. The participant 

begins the lift from full knee extension and then bends at the knee until the top of the 

thigh is parallel with the ground (Figure 5, 6). Once the thigh was parallel with the 

ground the investigator gave a verbal signal and the subject lifted the weight until the 

knees were at full extension (LeSuer et al., 1997).  

 

 

   Figure 3. Participant at the beginning and end of a bench press repetition 
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Figure 4. Participant at the end of the eccentric phase and the beginning of the concentric 

phase of the bench press 

 

Figure 5. Participant at the beginning and end of a parallel squat repetition 



 38

 

Figure 6. Participant at the end of the eccentric phase and the beginning of the concentric 

phase of the parallel squat 

The pre-season test took place on a Friday, eight days prior to the first game of 

the season. The players were asked to perform a bench press and squat so that failure 

occurred between six and eight repetitions. The participants based their attempts on the 

amount of weight they had been lifting during pre-season training and were only 

performed following approval from the investigator. This was done to ensure that failure 

would occur between six and eight repetitions. The number of repetitions performed and 

the amount of weight lifted was recorded by the investigator and then converted to a        

1 RM using the Wathan prediction equation (LeSuer et al., 1997) (Table 5). A converted 

1 RM was used to avoid the added potential for injury that occurs when performing a 

single 1 RM lift. The Wathan equation was chosen because it is the only prediction 
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formula that has been shown to accurately predict a 1 RM for both the bench press and 

parallel squat (LeSuer et al., 1997).  

 

Table 5. Wathan equation for predicting a 1 RM 

1 RM = 100 * weight lifted / (48.8 + 53.8 * exp [-.075 * repetitions]) 

Exp means ea, where e is the mathematical symbol for the number approximately 
 2.7181 whose natural logarithm is 1. 
 
             Note. Data reprinted from LeSuer, D. A., McCormick, J. H., Mayhew, J. L., Wasserstein,  
                       R. L., & Arnold, M. D. (1997). The accuracy of prediction equations for estimating  
                       1-RM performance in the bench press, squat, and deadlift. Journal of Strength and    
                       Conditioning Research, 11(4), 211-213. 

 

Following the pre-season test, the participants were informed of the correct lifting 

procedures that they were to follow. Each player received oral and written instructions 

describing what lifts to perform, the frequency of training, the intensity, volume, order, 

tempo, and time interval between lifts. The primary investigator of the study and the 

football team’s strength coach were present for all testing days and in-season lifting 

sessions to ensure that the participants adhered to their respective training protocols. The 

single-set and three-set groups were required to perform six lifts each session, with two 

of the lifts always being the bench press and parallel squat. The other four auxiliary lifts 

included: bicep curls, dips, power cleans, and bent over rows. Every exercise performed 

involved the use of free-weights or the body weight of the individual as resistance.  

The order of training was as follows: parallel squat, bench press, bicep curls, dips, 

power cleans, and bent over rows. All exercises were performed until muscle failure was 

achieved. In order to achieve muscle failure, each lift was performed with a spotter that 

would make sure the weights were stabilized following muscle failure. The participants 
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were instructed to perform each lift at maximum velocity during the concentric phase of 

muscle contraction in order to control for lifting tempo. All exercises were performed 

with a two minute period of rest between each set and each separate exercise. Each week 

all participants received a card that described which lifts to perform and how many 

repetitions. 

 The participants were asked to record the amount of weight lifted for each 

exercise. For all ten weeks the participants performed each lift so that muscle failure 

occurred between six and eight repetitions. Once a player was able to exceed eight 

repetitions he then added weight the next time he performed that exercise. The single-set 

group performed one set of six to eight repetitions to failure for all six exercises, while 

the three-set group performed three sets of six to eight repetitions to failure for all six 

exercises. Both groups were required to perform a warm-up set prior to the bench press 

and squat that represented 50% of their 1 RM achieved during the pre-season test. 

Following the second lifting session of the week, each player turned-in his lifting card to 

the investigator and was given the lifting card for the next week. The weights and 

repetitions recorded on the cards were then entered into the computer program Microsoft 

Excel. The cards were then stored in a locked cabinet only accessible by the research 

investigator.  

 On the Monday following the final game of the competitive season each 

participant was re-tested in the bench press and the parallel squat using the exact same 

procedures described for the pre-season test. The amounts of weight lifted, repetitions 

performed, and predicted 1 RMs are provided for both the single-set and multiple-set 

groups in Appendix B.  
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Data Analysis 

 The purpose of this study was to examine the effectiveness of single-set resistance 

training compared to three-set training during the maintenance phase of the collegiate 

football season. Participants were tested in a submaximal bench press and parallel squat 

prior to the first week of the season and following the final game of the season. The 

submaximal test scores were converted to a 1 RM using the Wathan equation for 

estimating 1 RM in the bench press and parallel squat. In order to convert the 

submaximal tests to a 1 RM, the amount of weight lifted and the number of repetitions 

performed were recorded and then plugged into the Wathan equation (Table 5). These 

converted 1 RM’s were then used to compare the effectiveness of single-set and multiple-

set strength maintenance protocols during the competitive college football season.  

 The converted 1 RM’s for the pre and post-season tests for the parallel squat and 

the bench press were then entered into the statistical software SPSS Version 14.0 for data 

analysis. The data for the bench press and parallel squat were analyzed using a 2 (test) X 

2 (group) mixed ANOVA for each lift. The level of significance was set at p < 0.05. This 

analysis provided any statistically significant differences from pre to post tests within the 

groups and it showed any significant differences between the single and multiple-set 

groups. As an aside, a 10 (week) X 2 (group) X 2 (lift) mixed ANOVA was performed to 

determine if there were any significant differences between the groups regarding 

performance drop-offs during the week from Tuesday to Thursday. This analysis could 

show if either of the groups experienced significantly more fatigue from the Tuesday to 

Thursday workouts.  
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CHAPTER 4 

RESULTS AND DISCUSSION 

 The purpose of this study was to examine the effectiveness of single-set resistance 

training compared to three-set training during the maintenance phase of the collegiate 

football season. Participants were tested in a submaximal bench press and parallel squat 

prior to the first week of the season and following the final week of the season. The 

submaximal test scores were converted to a 1 RM using the Wathan equation.  

Results 

 The mean pre-test parallel squat for the single-set group was 171 kg (376 lb) with 

a standard deviation of 27 kg (59 lb). The mean post-test parallel squat for the single-set 

group was 173 kg (382 lb) with a standard deviation of 24 kg (53 lb). The mean percent 

change in parallel squat from pre-test to post-test for the single-set group was +2.2%. 

Seven participants from the single-set group increased their parallel squat from pre-test to 

post-test, while four decreased and one remained unchanged (Table 6). The mean pre-test 

bench press for the single-set group was 117 kg (257 lb) with a standard deviation of 14 

kg (30 lb). The mean post-test bench press for the single-set group was 117 kg (257 lb) 

with a standard deviation of 12 kg (26 lb). The mean percent change in the bench press 

from pre-test to post-test for the single-set group was +0.1%. Six participants from the 

single-set group increased their bench press from pre-test to post-test, while five 

decreased and one remained unchanged (Table 6).   
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Table 6 

Converted 1 RM squat and bench press for the single-set group in kg (lb) 

Subject #      Squat Pre    Squat Post    %Change    Bench Pre    Bench Post    %Change 

      1   200           211    101                 112 
  (440)          (466)     +5.9% (223)            (247)           +10.8% 
        
      2   139           143    101   93 
  (306)          (316)          +3.3% (223)            (205)       -8.1%  
 
      3   128   142    107  107 
  (283)          (313)     +10.6% (235)            (236)       +0.4% 
 
      4   200           188    134             130 
  (440)          (415)     -5.7% (295)            (287)       -2.7% 
 
      5   210           203    112  109 
  (463)           (447)     -3.5% (247)            (241)       -2.4% 
 
      6   166           164    127  123 
  (366)            (361)     -1.4% (279)            (271)           -2.9% 
 
      7   171           171    118                 118 
  (377)          (377)       0.0% (260)            (260)            0.0% 
 
      8   188           199    138  124 
  (415)          (439)     +5.8% (304)            (274)           -9.9% 
 
      9   134           150    107  115 
  (295)          (331)     +12.2% (235)            (254)       +8.1% 
 
     10   160           150    123             127 
  (353)          (331)     -6.2% (271)            (279)          +3.0% 
 
     11   177           182    101  104 
  (391)          (402)     +2.8% (223)            (229)          +2.7% 
 
     12              172           176    130  134 
  (379)          (389)     +2.6% (287)            (295)          +2.8% 
 
   Mean  171           173    117                 117 
             (376)          (382)     +2.2%         (257)            (257)           0.0%          
Std. Dev.   27            24               14              12 
   (59)              (53)                         (30)                 (26) 
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Table 7 

Converted 1 RM squat and bench press for the multiple-set group in kg (lb) 

Subject #      Squat Pre    Squat Post    %Change    Bench Pre    Bench Post    %Change 

      1   205           200    123                 109 
  (453)          (440)      -2.9 % (271)            (241)          -11.1% 
        
      2   161           159     93  101 
  (355)          (351)           -1.1% (205)            (223)       +8.8%  
 
      3   205   183    118             109 
  (453)          (403)     -11.0% (260)            (241)       -7.3% 
 
      4   172           172    133             142 
  (379)          (379)       0.0% (294)            (313)       +6.1% 
 
      5   151           162    107             112 
  (332)           (357)     +7.5% (235)            (248)       +5.5% 
 
      6   235           228    150  142 
  (517)            (502)     -2.9% (331)            (313)           -5.4% 
 
      7   169           183    141                 142 
  (372)          (403)     +8.3% (310)            (313)           +1.0% 
 
      8   155           169    128             130 
  (341)          (372)     +9.1% (283)            (287)           -1.4% 
 
      9   211           199    139  142 
  (466)          (439)     -5.8% (307)            (313)        +2.0% 
 
     10   161           155    123  123   
  (355)          (341)     -3.9% (271)            (271)             0.0% 
 
     11   180           159    131  124 
  (397)          (351)     -11.6% (289)            (274)           -5.2% 
 
     12              130           164    118  118 
  (287)          (361)     +25.8 % (260)            (260)            0.0% 
 
   Mean  178           178    125                  125 
             (392)          (392)     +1.0%         (276)             (275)          -0.4%         
 Std Dev.   30            22    15    15 
   (67)              (48)                                (34)                  (33) 
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The mean pre-test parallel squat for the multiple-set group was 178 kg (392 lb) 

with a standard deviation of 30 kg (67 lb). The mean post-test parallel squat for the 

multiple-set group was 178 kg (392 lb) with a standard deviation of 22 kg (48 lb). The 

mean percent change in parallel squat for the multiple-set group from pre-test to post-test 

was +1.0%. Four of the participants in the multiple-set group increased their parallel 

squat from pre-test to post-test, while seven decreased and one remained unchanged 

(Table 7). The mean pre-test bench press for the multiple-set group was 125 kg (276 lb) 

with a standard deviation of 15 kg (34 lb). The mean post-test bench press for the 

multiple-set group was 125 kg (275 lb) with a standard deviation 15 kg (33lb). The mean 

percent change in bench press for the multiple-set group from pre-test to post-test was -

0.4%. Five of the participants in the multiple-set group increased their bench press from 

pre-test to post-test, while five decreased and two remained unchanged (Table 7).  

 A 2 (test) X 2 (group) mixed ANOVA was performed in order to analyze the 

changes in performance on the bench press and the parallel squat over the course of the 

football season. The main effect of test in the parallel squat was not significant: F(1,22) = 

0.248,  p = .623, partial η2 = .011. The main effect of group was not significant: F(1,22) = 

0.330, p = .572, partial η2 = .015. The test by group interaction was not significant: 

F(1,22) = 0.373, p = .548, partial η2 = .017. These results show no significant changes 

from the pre-test to the post-test in the parallel squat 1 RM for either the single-set or 

multiple-set groups and no significant differences between the two groups. The 

interaction analysis shows no significant combined effect of test and group. 

 The main effect of test in the bench press was not significant: F(1,22) = 0.103,     

p = .752, partial η2 = .005. The main effect of group was not significant: F(1,22) = 2.378, 
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p = .137, partial η2 = .098. The test by group interaction was not significant: F(1,22) = 

0.046, p = .833, partial η2 = .002. These results show that there were no significant 

changes from the pre-test to the post-test in bench press 1 RM for either the single-set or 

multiple-set groups and that there were no significant differences between the two 

groups. The interaction analysis shows that there was no significant combined effect of 

test and group.  

 A secondary analysis was also performed using a 10 (week) X 2 (group) X 2 (lift) 

mixed ANOVA to examine mid-week changes in the amounts of weight lifted from the 

first session on Tuesday to the second session on Thursday. This analysis was performed 

in order to see if the multiple-set protocol fatigued the players more than the single-set 

protocol during the middle of the week. In order to test this, 1 RM values were calculated 

for each lift performed during the week. For the multiple-set group, the sum of all three 

lifts was used to compare mid-week performance. The main effect of week was not 

significant: F(9,396) = 0.636, p = .766, partial η2 = .014. The main effect of group was 

not significant: F(9,396) = 1.052, p = .311, partial η2 = .023. The week by group 

interaction was not significant: F(9,396) = 0.624, p = .777, partial η2 = .014. These results 

show that there were no significant midweek differences in the amount of weight lifted 

across the 10 weeks of the season for either the single-set or multiple-set groups, and that 

there were no significant differences between the two groups. The interaction analysis 

shows that there was no significant combined effect of week and group. 

Discussion 

 These results demonstrate that strength maintenance as measured by the bench 

press and parallel squat can be achieved throughout the course of a ten week collegiate 
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football season. While both groups were successful in maintaining strength, there were no 

significant differences between the two groups in the bench press or parallel squat. 

Whether the player performed the traditional approach of three sets per session or one set, 

their end of season strength remained the same as it was at the beginning of the season. 

This suggests that college football strength maintenance programs may be able to reduce 

the number of sets of strength training performed during the competitive season and still 

maintain the strength achieved during the off-season.   

 The results of this study support the findings of previous research that has 

demonstrated the effectiveness of single-set strength training protocols. One such study 

performed by Hass et al. (2000) found there to be no significant differences between the 

amount of strength gained by weightlifters participating in a single-set strength training 

protocol and those performing a multiple-set protocol. Hass et al. (2000) concluded that 

there was no additional benefit to performing multiple-sets over single-sets in previously 

trained individuals. Baker and Cooper (2004) came to a similar conclusion following a 

six week training program using previously trained men. De Hoyos et al. (1998) also 

found that single-set training produced equal strength gains as multiple-set training 

following 25 weeks of training. In another study, Wolfe et al. (2001) found no significant 

differences in bench press strength between a single-set and multiple-set training group 

following 10 weeks of training. One study conducted by Fincher (2000) even found that 

single-set resistance training was superior to multiple-set training at increasing lower and 

upper body power.  
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 The results of this previous research combined with the findings of the current 

study involving strength maintenance during the collegiate football season demonstrate 

the validity of single-set resistance training at both increasing and maintaining strength.  

 It is important to note that the participants in this study were strictly monitored by 

the investigator. The investigator ensured that the amount of weight attempted was 

sufficient to produce failure between six and eight repetitions. Monitoring the amount of 

weight lifted helped to make sure that participants were putting forth their best effort for 

each attempt. The strict supervision of weight training during this study may be partly 

responsible for the successful strength maintenance achieved by both the single-set and 

multiple-set groups. 
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CHAPTER 5 

SUMMARY, CONCLUSIONS, IMPLICATIONS AND RECOMMENDATIONS 

Summary 

 The purpose of this study was to compare the strength maintenance of the bench 

press and parallel squat when performing single-set resistance training and three-set 

resistance training during the college football season. The hypothesis was that there 

would be no significant difference in the ability to maintain strength, as measured by 

bench press and parallel squat, between single-set resistance training and three-set 

resistance training programs when all other variables are held constant. The participants 

were 24 college football players divided randomly into two groups: a single-set group 

and a multiple-set group. All participants followed the exact same in-season training 

protocol with the exception of the number of sets lifted for each exercise. Statistical 

analysis showed no significant differences between the single-set and multiple-set groups 

with regards to their effectiveness at maintaining strength from the beginning of the 

season to the end of the season as measured by a converted 1 RM bench press and 

parallel squat.  

Conclusion 

 The results of this study provide support for the effectiveness of single-set 

strength training in maintaining strength throughout the competitive season just as well as 

multiple-set training. Due to the 2/3 reduction in training time and the reduced 

physiological training load provided by single-set training, in-season strength 

maintenance programs in the sport of football should employ single-set training 

protocols.  
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Implications 

 The results of this study could have great implications on the way strength and 

conditioning coaches approach in-season strength training protocols, particularly at the 

collegiate level where the amount of time players can devote to their sport is limited by 

NCAA guidelines. This study shows that strength maintenance through the use of single-

set lifting protocols can be just as effective as multiple-set protocols when athletes are 

strictly monitored and adhere to training procedures. The implementation of single-set 

training protocols would decrease the amount of time spent on strength training allowing 

for increased meeting and practice time. Aside from simply freeing up more time for the 

student athlete, single-set training can also help to minimize the possibility of 

overtraining and fatigue during the season.  

Recommendations 

 A possible drawback to the implementation of single-set in-season strength 

training is its impact on muscle endurance. Some coaches may be hesitant to institute a 

single-set maintenance program because of fears that a reduction in training volume will 

reduce endurance. Further research is necessary to examine the changes in muscular 

endurance that occur with single-set strength training throughout the football season. 

 Future research on the topic of single-set strength maintenance during the 

competitive season should also examine the effects of single-set training on positions 

other than wide receivers and defensive backs. Offensive and defensive linemen have 

different body types than wide receivers and defensive backs and therefore variations in 

training volume may affect them differently. Also, different lifting intensities and with 

reduced repetitions should be studied to find the lowest number of repetitions needed to 
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maintain strength. Future research should also examine the effects of performing training 

sessions on days other than Tuesday and Thursday. Changing the days of training and the 

periods of recovery could affect how strength is maintained during the competitive 

season.  

 While the bench press and parallel squat are common lifts used in football 

training programs, an examination of the effectiveness of single-set training using other 

exercises could prove beneficial. The bench press and parallel squat require large muscle 

groups. It would be interesting to see if small muscle groups, such as biceps and triceps, 

are affected similarly during a season of single-set training. Further research should also 

examine football players participating at different levels of competition such as Division I 

and high school. The varying stages of maturity and body size at different levels of 

competition may affect the success of single-set strength maintenance protocols.  

 One of the limitations of this study was the relatively small sample size of 24 

participants. Future research designs that involve the use of an entire college football 

team could provide more beneficial results to strength coaches because in-season training 

programs are not typically position specific. However, the results of this study provide 

results that challenge the long-held beliefs by many football coaches that multiple-set 

strength training is superior to single-set training.  
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APPENDIX A 
 

Adult Informed Consent 
 

The research that you have been asked to participate in is being conducted by 
Ryan Jones of the Exercise Science department at SUNY Cortland. We request your 
informed consent to be a participant in the project described below. Feel free to ask about 
the project, its procedures, or objectives. 
 
Information and Procedures of This Research Study: 
 The purpose of this study is to determine the effectiveness of single-set lifting 
protocols compare with three-set protocols during the maintenance phase of the college 
football season. Participants will be randomly assigned to either the single-set or three-set 
training group.  
 Each participant will be tested in the bench press and parallel squat at the 
beginning of the season and at the completion of the season. These tests will be 
submaximal tests of six to eight repetitions that will be converted into a predicted one 
repetition maximum. Both groups will participate in strength maintenance programs that 
require them to perform two days of strength training per week. The training will consist 
of a bench press, parallel squat, bicep curl, hang clean, dips, and four way neck exercise. 
It is important that each lift be performed to failure and that no additional strength 
training is attempted during the course of the season. 
  Participants will not be asked to perform any lifts that are different than they 
would not otherwise have to perform as a member of the SUNY Cortland Football Team.  
 
Before agreeing to participate you should know that: 
 
A. Freedom to withdraw 

You are free to withdraw consent at any time without penalty. Even if you begin 
answering questions and realize for any reason that you do not want to continue you 
are free to withdraw from the study. Additionally, you may ask the researcher to 
destroy any responses you may have given.  

 
B. Protection of Participants Responses 

Your responses are strictly confidential. Only the presiding faculty member and 
research assistants will have access to your responses. You will complete a form each 
time you lift that has your name and the amount of weight lifted. This information will 
be filed in a locked cabinet in the Asst. Football Coaches Office. Your names will be 
coded on all forms to protect your anonymity.  

 
C. Length of Participation and Remuneration 

The study should take approximately ten weeks and will require no more of your time   
than what is already required of you by being on the football team. You will only 
perform lifts that are already included in the Cortland football strength and 
conditioning program. Each subject will be required to perform two workouts per 
week.  
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D. Full Disclosure 
In some experiments, it may be necessary to withhold certain information in the 
interests of the particular research. Should this occur, at the end of the experiment all 
individuals will be furnished with a full explanation of the purpose and design of the 
project.  

 
E. Risks Expected 

The participants of this study will not incur any additional risks than they would 
otherwise occur while participating in the Cortland football team. Subjects will 
perform the same lifts as all football players and will not be asked to perform a larger 
volume of training. Some muscle soreness can be expected during he initial stages of a 
lifting program.  

 
F. Benefits Expected 

From participating in this study you should learn how research is conducted and how 
data is collected properly. You may also achieve strength maintenance throughout the 
course of the collegiate football season. Your participation will give you a better 
understanding of how scientists solve problems and develop research.  

 
G. Contact Information 

If you have any questions concerning the purpose or results of this study, you may 
contact Ryan Jones at 607-753-5569. For questions about research or research 
subjects’ rights, contact Amy Henderson-Harr, IRB Designee, office of Sponsored 
programs, SUNY Cortland, at 607-753-2511. 

 
 
I ___________________ have read the description of the project for which this consent is                       
         (print name)                 requested, understand my rights, and I hereby consent to     
                                          participate in this study.  
 
                              ___________________________                ______________ 
                                               Signature                                                             Date 
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APPENDIX B 
 

Table B1. Parallel squat pre-test and post-test weight lifted, repetitions performed, and 
predicted 1 RMs for the single-set group in kg (lb) 

 
 Parallel Squat Pre-Test Parallel Squat Post-Test 

Participant Weight Reps 1 RM Weight Reps 1 RM 
       
1 156 8 200 166 8 211 
 (345)  (440) (365)  (466) 
       
2 109 8 139 116 7 143 
 (240)  (306) (255)  (316) 
       
3 107 6 128 111 8 142 
 (235)  (283) (245)  (313) 
       
4 161 7 200 147 8 188 
 (355)  (440) (325)  (415) 
       
5 175 6 210 163 7 203 
 (385)  (463) (360)  (447) 
       
6 134 7 166 136 6 164 
 (295)  (366) (300)  (361) 
       
7 134 8 171 134 8 171 
 (295)  (377) (295)  (377) 
       
8 147 8 188 166 6 199 
 (325)  (415) (365)  (439) 
       
9 111 6 134 125 6 150 
 (245)  (295) (275)  (331) 
       

10 129 7 160 125 6 150 
 (285)  (353) (275)  (331) 
       

11 147 6 177 143 8 182 
 (325)  (391) (315)  (402) 
       

12 143 6 172 138 8 176 
 (315)  (379) (305)  (389) 
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Table B2. Bench Press pre-test and post-test weight lifted, repetitions performed, and 
predicted 1 RMs for the single-set group in kg (lb) 

 
 Bench Press Pre-Test Bench Press Post-Test 

Participant Weight Reps 1 RM Weight Reps 1 RM 
       
1 84 6 101 93 6 112 
 (185)  (223) (205)  (247) 
       
2 84 6 101 77 6 93 
 (185)  (223) (170)  (205) 
       
3 88 6 107 84 8 107 
 (195)  (235) (185)  (236) 
       
4 111 6 134 102 8 130 
 (245)  (295) (225)  (287) 
       
5 93 6 112 91 6 109 
 (205)  (247) (200)  (241) 
       
6 102 7 127 102 6 123 
 (225)  (279) (225)  (271) 
       
7 95 7 118 95 7 118 
 (210)  (260) (210)  (260) 
       
8 111 7 138 98 8 124 
 (245)  (304) (215)  (274) 
       
9 88 6 107 93 7 115 
 (195)  (235) (205)  (254) 
       

10 102 6 123 102 7 127 
 (225)  (271) (225)  (279) 
       

11 84 6 101 84 7 104 
 (185)  (223) (185)  (229) 
       

12 102 8 130 111 6 134 
 (225)  (287) (245)  (295) 
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Table B3. Parallel squat pre-test and post-test weight lifted, repetitions performed, and 
predicted 1 RMs for the multiple-set group in kg (lb) 

 
 Parallel Squat Pre-Test Parallel Squat Post-Test 

Participant Weight Reps 1 RM Weight Reps 1 RM 
       
1 166 7 205 156 8 200 
 (365)  (453) (345)  (440) 
       
2 134 6 161 125 8 159 
 (295)  (355) (275)  (351) 
       
3 161 8 205 147 7 183 
 (355)  (453) (325)  (403) 
       
4 143 6 172 143 6 172 
 (315)  (379) (315)  (379) 
       
5 118 8 151 127 8 162 
 (260)  (332) (280)  (357) 
       
6 184 8 235 184 7 228 
 (405)  (517) (405)  (502) 
       
7 136 7 169 152 6 183 
 (300)  (372) (335)  (403) 
       
8 125 7 155 136 7 169 
 (275)  (341) (300)  (373) 
       
9 166 8 211 166 6 199 
 (365)  (466) (365)  (439) 
       

10 134 6 161 125 7 155 
 (295)  (355) (275)  (341) 
       

11 150 6 180 125 8 159 
 (330)  (397) (275)  (351) 
       

12 102 8 130 136 6 164 
 (225)  (287) (300)  (361) 
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Table B4. Bench press pre-test and post-test weight lifted, repetitions performed, and 
predicted 1 RMs for the multiple-set group in kg (lb) 

 
 Bench Press Pre-Test Bench Press Post-Test 

Participant Weight Reps 1 RM Weight Reps 1 RM 
       

1 102 6 123 91 6 109 
 (225)  (271) (200)  (241) 
       

2 77 6 93 84 6 101 
 (170)  (205) (185)  (223) 
       

3 95 7 118 91 6 109 
 (210)  (260) (200)  (241) 
       

4 111 6 134 118 6 142 
 (245)  (295) (260)  (313) 
       

5 88 6 107 91 7 112 
 (195)  (235) (200)  (248) 
       

6 125 6 150 111 8 142 
 (275)  (331) (245)  (313) 
       

7 113 7 141 118 6 142 
 (250)  (310) (260)  (313) 
       

8 107 6 128 102 8 130 
 (235)  (283) (225)  (287) 
       

9 116 6 139 111 8 142 
 (255)  (307) (245)  (313) 
       

10 102 6 123 102 6 123 
 (225)  (271) (225)  (271) 
       

11 109 6 131 98 8 124 
 (240)  (289) (215)  (274) 
       

12 95 7 118 95 7 118 
 (210)  (260) (210)  (260) 

 


