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Abstract

The purpose of this study was to examine the effect of a muscle confusion resistance training program on muscular fitness improvement compared to traditional and independent formats.
The Need to Include Muscle Confusion Resistance Training in Basic Instruction Programs

Due to limited finances and personnel resources, collegiate physical education basic instruction programs (BIP) are often targets of budget cuts and curriculum reduction (Crawford, Greenwell, & Andrew, 2007). Over 90% of higher education institutions required collegiate BIP credits for graduation in 1960 but that number dropped to less than 63% by 1998 (Hensley, 2000). Despite institutional reductions in required BIP credits, the courses remain popular among undergraduates.  Many colleges and universities report between 25-30% of the student population enroll in a Physical Education BIP annually and over 80% of students say they would chose a Physical Education BIP over another elective if given the opportunity (Hensley, 2000).    

The motivation to take a Physical Education BIP has been fairly consistent among individuals. The most commonly reported motivations are fitness improvement, fun/enjoyment, participation in regular exercise, and exposure to a new skill or activity (Cunningham, 2007; Roberts, Evans, & Ormond, 2006).  Little variation in motivation has existed between groups of students participating in a required Physical Education BIP or an elective BIP. However, some notable differences in motivation are apparent between genders. Male students have indicated an interest in competition and improving fitness while female students have expressed a desire to improve the body image while improving fitness levels (Hardin, Andrew, Gi-Yong, & Berniller, 2009 - ck). It is interesting to note that few students have reported improvement of grade point average as a primary motivation for taking a BIP course.  
Given typical student interest and demand, it is not surprising that the most popular BIP courses are physical fitness activities (Hensley, 2000). Fortunately, these courses have demonstrated important behavior (i.e., activity) and fitness outcomes. In a survey of 188 students enrolled in various aerobic fitness courses, Roberts and colleagues (2006) reported that 93% of students improved their aerobic performance over the course of one semester. Additionally, 94% of BIP participants stated that their understanding of physical fitness concepts improved and 95% claimed they had gained the knowledge to design and implement their own fitness program (an increase from 63% prior to enrollment). Lastly, over 80% of alumni from the same institution reported that their college physical education BIP had a positive impact on their physical activity habits.  It is clear that BIP courses provide a valuable service to undergraduate college students; however, given the reality that colleges may choose to reduce or eliminate such opportunities, delivery of BIP courses must be of sufficient quality and interest to maximize student demand and therefore enrollment (Crawford et al., 2007; Russell, 2008).       

Common BIP courses focus on physical fitness and activities that promote lifetime wellness, including resistance training. Colleges and universities have traditionally termed resistance training courses “weightlifting” and offered the course through a traditional format (i.e., BIP instructor leads students through a training program during regularly-scheduled class times) or an independent format (i.e., BIP instructor or athletic coach provides a semester-long training program and students complete the program unsupervised on their own time). Recently, new resistance training programs, generally termed muscle confusion programs, have emerged as new fitness phenomena and are gaining favor in college-aged males. “Crossfit” is one such example and is similar to traditional BIP courses in that the program emphasizes typical fitness variables (cardiorespiratory endurance, muscular strength, flexibility, and power); however, muscle confusion resistance training programs, such as Crossfit, are distinct from traditional training programs because they emphasize the use of one’ own body weight as the major resistance stimulus and require exercise intensity variation within each session to stress different metabolic pathways. The variety of muscle confusion resistance training may provide an entertaining curriculum for a physical education BIP, thereby increasing student interest and demand. Yet, because BIP consumers (i.e., students) desire improved fitness from BIP courses, it is necessary to examine fitness outcomes of non-traditional training courses before inclusion into BIP is recommended. Therefore, the purpose of this study was to examine the effect of a muscle confusion resistance training program on muscular fitness improvement compared to traditional and independent formats.  
Methods

Participants

Participants (N = 60, MHt = 173.60 + 8.63 cm, MWt = 76.45 + 17.00 kg) were recruited from six intact BIP resistance training classes. Class standing was distributed across academic levels, including a good mix of freshmen (n = 16), sophomores (n = 22), juniors (n = 12), and seniors (n = 10). Participants reported “improvement of muscular fitness” and “improvement of overall health” as the most common reasons for enrolling in the resistance training courses. Data for analyses were obtained from students matched on gender, age, training experience, and total exercise sessions completed (Table 1). IRB approval and informed consent were obtained prior to the study. 
Instruments

Body Composition. Body mass index (kg/m2) was computed as a measure of body composition.

Muscular Strength. A standard pull-up test and handgrip dynamometer test (insert model) were used to assess muscular strength. Participants were asked to use an overhand pull-up grip with full arm-extension required on the “down” movement. Standard administration procedures were used to assess handgrip strength which required the participant to hold the dynamometer parallel to the side of the body at waist level (American College of Sports Medicine, 2005). Three trials were collected with the highest right and left hand score summed to obtain the handgrip score (kg). 
Muscular Power. The standing broad jump test (cm) was used to assess muscular power. 
Muscular Endurance. A one-minute body-weight squat test was used to assess lower-body muscular endurance. A 9-kg medicine ball was placed under each participant as individuals had to touch their buttocks to the ball for a repetition to be counted. The YMCA Bench Press test was used to assess upper-body muscular endurance [American College of Sports Medicine (ACSM), 2005)]. As required for the YMCA Bench Press, a 30 repetition-per-minute cadence was used with the appropriate lift weight for men (80 lbs or 36.36 kg) and women (35 lbs or 15.9 kg). 

Procedure
Participants completed either a traditional resistance training class (supervised by a BIP instructor), an independent resistance training class (identical prescription as provided in the supervised class completed on each participants own time), or a Crossfit class. All three classes utilized the same foundational exercises in their respective programs. Closed-chain exercises were given high priority since this type is integral to traditional and Crossfit programs. Participants in each course section were given exercise demonstrations and assistance with technique. Additionally, daily warm-up and cool-down procedures were identical across the traditional and Crossfit classes. Examples of the traditional and Crossfit training condition are provided in Table 2.

All participants completed fitness testing in the same order. Baseline testing was conducted on the 3rd day of academic classes, allowing the research team to describe the project, describe and demonstrate typical exercises, and convey specific testing procedures prior to baseline. Following baseline testing, students in the traditional and Crossfit conditions were able to participate in 10 class sessions followed by spring break (one week). At the conclusion of the break, students again had the opportunity to participate in 10 class sessions prior to post-testing. Testing order was standard across all course sections and both testing time periods. Specifically, participants first completed height, weight, and hand grip (GRIP) prior to a standardized warm-up (i.e., dynamic low-intensity body-resistance exercise). Upon completion of the warm-up, participants completed 3 trials of the standing broad jump (SBJ), followed by one trial each on the pull-up test (PU), one-minute squat test (SQUAT), and YMCA Bench Press Test (BP). Participants had approximately 4 to 5 minutes between each test item and the same data collectors were present for both the pre- and post-test administrations.  
 Get reliability data from Coach Pugh.
Analysis


Following the post-test, participants were matched based on gender, age, experience level (beginner or regular weightlifter) and years of resistance training experience. Change scores were then computed for each dependent muscular fitness variable (post – pre) and separate independent group ANOVAs were conducted on change scores to determine the effect of BIP resistance course type (traditional, independent, or Crossfit) on fitness change. Least significant difference post hoc comparisons were made when a significant difference was detected. The significance level was set at .008 (.05/6) for each separate ANOVA. Percent change from pre- to post-score was also computed on each test item for each group. 

Results


Mean baseline and post-test fitness scores are reported by group in Table 3. Mean change scores were significantly different (p < .008) among BIP conditions on two fitness variables: muscular power (SBJ) and upper-body muscular endurance (BP). Specific to changes in power, mean improvement was significantly greater in traditional participants compared to Crossfit participants, who in turn demonstrated significantly greater gains than the independent group participants. Specific to changes in upper-body muscular endurance, traditional participants demonstrated significantly greater gains on BP compared to independent group participants, with this comparison being the only significant difference (p < .008).  


In general, traditional group participants had the most consistent gains across all test items, demonstrating the only reduction in body mass index (BMI) and greater than 5% improvement on all muscular fitness variables over the semester (Table 3). Crossfit group participants demonstrated improvement on all muscular fitness variables and actually demonstrated the greatest gains in lower-body muscular endurance. Unfortunately, this group also demonstrated the greatest increase in body mass index. Results from independent group participants were concerning as these participants demonstrated decreases in muscular power and muscular endurance over the course of the semester.   

Discussion

The purpose of this study was to examine the effect of a muscle confusion resistance training program on muscular fitness improvement compared to traditional and independent formats. Crossfit participants had the greatest lower-body endurance gains (SQUAT) compared to the other two training conditions. Although not equal to all fitness improvement demonstrated by the traditional group, the Crossfit course type resulted in equitable performance gains, indicating is acceptability for inclusion into BIP offerings. Participants completing the muscle confusion resistance training program (i.e., Crossfit) demonstrated fitness gains of 17%, on average. This increase is slightly lower than muscular fitness improvement reported for adults over 6 months of training (25-30%; ACSM, 1998). However, gains in the Crossfit group were consistent with alternative muscular fitness gains for a similar time period (up to 12 weeks) and program design (non-periodized; Fleck & Kraemer, 2004). Hence, it appears the inclusion of muscle confusion training programs into BIP offerings is prudent and administrators can feel confident that participants can improve muscular fitness over the semester. Interest in alternative resistance training programs is increasing among college-aged students but institutions should ensure new program offerings continue to effectively improvement fitness to satisfy student demand. Based on the current findings, it appears that Crossfit (or similar muscle confusion resistance training programs) are viable BIP additions. 
Traditional resistance training participants demonstrated the greatest fitness gains, improving muscular fitness between 5% to 57% depending on the selected variable. These findings are consistent with the work of Roberts and colleagues (2006) who reported that over 90% of BIP aerobic conditioning students improved field-based test times over the course of the semester. Count number of people who improved in each group. Also, fitness gains for this course type were superior to other types in terms of muscular power and upper-body muscular endurance. Evidence from this study supports the inclusion of traditional resistance training programs within BIPs as average improvement across muscular fitness test items was 20%, close to the average gains reported for the general population (ACSM, 1998).

Unfortunately, fitness outcomes were lacking among the independent group participants. Body mass index increased over the semester where as muscular power (SBJ) and upper-body muscular endurance (BP) actually decreased. There were gains in other areas of muscular fitness, including an 11% improvement in overall grip strength, a measure typically associated with overall muscular strength. However, the overall performance of independent group participants indicates that unsupervised resistance training programs may not be effective at increasing physical fitness, a outcome that student consumers demand from BIPs. The move to independent resistance training classes has occurred due to limited personnel among physical education faculty and use of academic money to support assistant coaches. Findings from this study reveal that this type format is not an effective format for BIP curricula. (ck number that improved).
Several limitations to the study are worth noting. Volume was the main factor which was difficult to match between the traditional, independent, and Crossfit training classes. While volume was held constant in the traditional classes, the instructors estimated volume for the Crossfit classes to match other training conditions. Actual volume for Crossfit classes, however, was entirely dependent upon participant personal motivation. For instance, in the training circuit (Table 2), individual students were simply given ten minutes to complete as many rounds of the circuit as possible. Many times highly motivated students were able to complete twice the volume as lower motivated students. Consequently, these methods created entirely different stimuli for the Crossfit participants. Although it may be difficult to completely control for exercise volume, future studies could improve internal validity by delimiting the number of circuits completed during muscle confusion training. Additionally, Crossfit is simply one type of muscle confusion program and does not necessarily reflect potential effects of alternative programs. We chose Crossfit because a certified instructor was available to design the program and the activity space was conducive to its implementation. Future studies should examine alternative types of muscle confusion programs on BIP outcomes. 
Summary

The purpose of this study was to examine the effect of a muscle confusion resistance training program on muscular fitness improvement compared to traditional and independent formats. Similar trends in muscular fitness improvement were demonstrated by participants in traditional and muscle confusion resistance programs, with the traditional participants outperforming muscle confusion participants on most muscular fitness items. Although differences existed, general improvement by the muscle confusion resistance training participants supports its inclusion into BIP offerings. Students take and repeat BIP course to improve fitness as well as learn new activities and muscle confusion programs meet this demand. Findings from the study also reveal that independent resistance training classes, or training completed outside of typical class meeting times, are not effective as a resistance training prescription. 
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Table 1. Descriptive Statistics by Group.
	
	Traditional Group
	Independent Group
	Crossfit Group

	M (Sd)
	
	
	

	Age
	20.30 (1.49)
	20.15 (1.81)
	19.90 (1.89)

	Sessions Completed
	15.00 (4.06)
	
	15.50 (3.90)

	Yrs Experience
	2.40 (2.41)
	2.22 (2.09)
	2.38 (2.34)

	
	
	
	

	N
	
	
	

	Males 
	15
	15
	15

	Females
	5
	5
	5

	Beginners
	11
	11
	11

	Regular Weightlifters
	9
	9
	9


Note. Regular weightlifters were defined as those individuals participating in resistance training two or more times per week at study baseline.
Table 2.  Resistance Training Program Examples.

	Program Type
	Traditional Program
	Crossfit Program

	Session
	Week 1 - Day 1
	Week 1 - Day 1

	
	Warm-Up
	Warm-Up

	
	
	

	Focus Area 1
	Strength Work
	Strength Work

	
	Front Squat - 4x10
	Front Squat - 4x10

	
	Bench Press - 4x10
	

	
	
	

	Focus Area 2
	Assistance Work
	Metabolic Conditioning Circuit*

	
	Kettlebell Swing - 3x12
	60% Bench Press - 5

	
	Pull-Up - 3x8
	Kettlebell Swing - 5

	
	Sit-Up - 3x8 (with med ball)
	Pull-Up - 5

	
	
	Sit-Up - 10

	
	
	

	
	Cool Down
	Cool Down


*As many rounds as possible in 10 minutes.
Table 3.  Mean Pre- to Post-Changes in Fitness Variables.

	
	Traditional Group
	Individual Group
	Crossfit Group

	BMI Pre (kg/m2)
	24.30 (2.20)
	25.12 (5.88)
	25.71 (5.04)

	BMI Post
	24.08 (2.19)
	25.31 (6.10)
	26.22 (5.05)

	% Change
	-0.9
	0.8
	1.98

	
	
	
	

	Handgrip Pre (kg)
	91.90 (22.30)
	87.55 (19.72)
	85.52 (25.06)

	Handgrip Post
	96.90 (23.10)
	97.50 (22.46)
	93.20 (24.80)

	% Change
	5.4
	11.4
	9.0

	
	
	
	

	SBJ Pre (cm)
	199.60 (32.20)
	195.60 (35.80)
	182.10 (38.40)

	SBJ Post
	214.60 (34.40)
	194.70 (34.70)
	188.00 (39.50)

	% Change
	7.5
	-0.5
	3%

	
	
	
	

	PU Pre
	4.60 (4.02)
	3.70 (3.99)
	3.15 (5.04)

	PU Post
	7.20 (4.90)
	4.55 (4.57)
	4.50 (6.34)

	% Change
	56.5
	23.0
	42.9

	
	
	
	

	SQUAT Pre
	46.25 (7.20)
	49.55 (6.44)
	42.55 (10.01)

	SQUAT Post
	53.00 (8.08)
	55.15 (7.896)
	52.95 (7.05)

	% change
	14.6
	11.3
	24.4

	
	
	
	

	BP Pre
	23.70 (8.56)
	25.70 (11.12)
	22.55 (13.09)

	BP Post
	28.00 (9.63)
	23.80 (9.485)
	24.25 (9.70)

	% Change
	18.1
	-7.4
	7.5


