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Recent studies in the area of sport and exercise 

science have suggested that weightlifting performance may be 

significantly improved under ambiguous conditions—namely, 

when the amount to be lifted is unknown. In the present 

study, procedural concerns from previous studies examining 

the effect of ambiguity were noted and a methodological 

variation was introduced. To test the hypothesis of whether 

ambiguity influenced performance, 52 males between the ages 

of 18 and 30 performed the bench press under both known and 

unknown conditions. A 2 X 2 multivariate analysis of 

variance (MANOVA) was run to examine the effect of ambiguity 

with order and condition (aware/unaware) as independent 

variables. Results did not corroborate the experimental 

hypothesis: no main effect for ambiguity was observed. 

However, an order by condition interaction was significant 

and was interpreted as suggesting a possible influence due 

to ambiguity. Cognitive, psychophysical, and affective 

variables were examined via multiple regression analyses to 

determine predictors of increased performance in the 



ambiguous condition. In all, only one cognitive variable 

was found to predict this performance. Potential procedural 

concerns were examined as well as future directions for 

research. 
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CHAPTER I 

INTRODUCTION 

Feats of strength have fascinated humans since the dawn 

of civilization. From the myths of Hercules and Sampson, to 

the circus strongman, and even to contemporary action-heroes 

such as Arnold Schwarzenegger, extraordinary strength has 

attracted interest. As a product of this fascination, 

numerous attempts have been made to discover the wellsprings 

of strength, and various strategies have been designed to 

improve it. Typically, these strategies have taken the form 

of dietary and weight training programs. Like the 

fascination with strength, these strategies for improving 

strength are also as old as Western civilization and can be 

seen in the following advice from the ancient Greeks: "To 

run fast, eat antelope, to increase strength, eat of the 

bull" (Attenborough, 1984). 

Although dietary and weight training programs have been 

used to increase strength for centuries, the role of 

psychological variables in facilitating strength performance 

has only recently received systematic examination. Perhaps 

one reason for this lack of attention has been the 

difficulty of implementing experimental designs allowing the 

isolation of relevant variables and yet yielding results 



ecologically relevant to the complex nature of sports 

phenomena (Mahoney and Rattan, 1994). With this in mind, 

this study attempted to examine whether "ambiguity" affects 

weightlifting performance. Within the context of this 

study, the term "ambiguity" or "ambiguous" is used to refer 

to situations in which subjects are unaware of the amount of 

weight to be lifted. 

Relevance for Clinical Psychology 

In a review of performance enhancement techniques in 

sport psychology, Whelan, Mahoney, and Meyers (1991) 

delineated several potential benefits of sport psychology 

research to psychology in general and psychotherapy in 

particular. For example, the authors noted that sport 

performance is generally measured in terms of time or space 

which provide simple, consistent, and concrete dependent 

variables that are ideal for research. Stress of training, 

public competition, and retirement were also described as 

naturalistic analogues for many problems presented in 

clinical practice. In this context, performance enhancement 

efforts in sport psychology were identified as potential 

analogues for cognitive-behavioral interventions. 

Advantages of sport psychology research to psychotherapy 

outcome noted were greater methodological control in the 

flexibility of recruitment, selection, assignment of 

subjects and less constraint on ethical issues surrounding 

control conditions in psychotherapy outcome studies. 



For the purpose of isolating and evaluating change 

mechanisms, Whelan et al. (1991) described sport and 

exercise research as the superior analogue to the clinical 

context. Reasons given for this advantage included the 

strong motivation and personal investment many athletes have 

for performance enhancement. The authors noted that this 

increased motivation and investment in treatment along with 

greater methodological controls should lead to enhanced 

internal validity. 

Cognitive Variables and Maximum Strength Performance 

The role of cognitive variables has received primary 

interest in research on maximum strength performance. For 

example, one of the first studies on maximum strength 

performance focused on the role of positive self-

expectations in subsequent muscle exertion (Diggory, Klein, 

& Cohen, 1964). Results of the study showed positive self-

expectations about performance led to greater effort as 

measured by muscle-action potentials, while negative self-

expectations about performance tended to decrease muscle-

action potentials. 

A related study by Nelson and Furst (1972) extended 

investigation on self-expectations and strength performance 

to the context of athletic competition. In the study, 

subjects were paired for arm-wrestling competitions after an 

objective measure of arm strength was taken. Based on 

subjects' estimates of each other's strength, pairings were 



made in which an objective strength discrepancy existed and 

in which both subjects thought the weaker of the two to be 

the stronger. Results of the arm-wrestling competitions 

showed that the objectively weaker but psychologically more 

self-confident participants won 83 percent of the pairings 

(10 of 12). 

Also examining strength performance in competition, 

Ness and Patton (1979) investigated the effect of beliefs on 

weightlifting performance. This study measured college 

undergraduates' maximum performances on an incline bench 

press over a six week period. After three weeks of baseline 

measurement, one group of experimental subjects was 

subjected to surreptitious increases in the amount of weight 

during the fourth week of training while another group was 

subjected to surreptitious decreases in the amount of weight 

being lifted. In week five, experimental subjects were 

switched to increased or decreased weight conditions. No 

manipulations were made during the sixth week and subjects 

lifted without knowledge of the weight on the machine. 

Control group weights were not manipulated throughout the 

six week period. Results revealed that subjects in the two 

experimental groups lifted more weight when weights were 

surreptitiously increased than during the ambiguous 

condition and the decreased weight condition. The authors 

concluded that this performance difference was due to 



attempts to remain consistent with self-expectations based 

on environmental cues. 

Although the above mentioned studies have examined the 

role of cognition in strength performance, the primary 

context for investigation has focused on how athletes employ 

mental preparation or "psyching" strategies to improve 

strength performance. The relevance of this research was 

suggested by reports that weightlifters often employ these 

psyching strategies immediately prior to competition (Genov, 

1970; Mahoney, 1979). Jerome (1980) has defined these 

psyching strategies as last-minute preparation rituals that, 

depending upon the sport and athlete, are intended to either 

increase or decrease physiological arousal, increase self-

confidence, or focus attention. The first investigation of 

these psyching strategies was examined in relation to a hand 

dynomometer task (Shelton and Mahoney, 1978). Subjects' 

grip strength was measured over three trials with the first 

trial representing a baseline score. Results showed that 

when psyched up, Olympic-style weightlifters significantly 

improved their strength scores compared to a distraction-

control manipulation. 

A series of subsequent studies corroborated the 

hypothesis that mental preparation strategies can enhance 

strength performance as compared to control conditions 

(Gould, Weinberg, & Jackson, 1980; Weinberg, Gould, & 

Jackson, 1980; Wilkes & Summers, 1984). For example, 



Weinberg et al. (1980) examined whether psyching effects 

generalized to tasks of speed and balance as well as to 

strength. Findings showed that psyching effects appeared to 

be task-specific as reflected in improvements only on 

strength tasks. In terms of strength enhancement, psyching 

strategies were found to improve dynamic strength movements 

—those used most often in sport—and thus extended the 

findings on static strength originally reported by Shelton 

and Mahoney (1978). 

Although the global effect of psyching on strength 

tasks appears clear, Rushall (1979) has noted that vague 

concepts such as psyching are insufficient as causal 

explicators. Thus, constituent elements must be 

operationalized to help clarify underlying processes 

involved in strength performance. In this regard, the above 

mentioned studies on psyching effects have generally sought 

to clarify psyching strategies by analyses of 

postexperimental self-report questionnaires. These 

questionnaires have typically asked subjects what strategies 

they used to enhance their performance. Considerable 

overlap has been reported regarding the specific 

psychological strategies employed by subjects. In general, 

four strategies have been reported: attentional focus, in 

which concentration is centered on relevant muscle-groups; 

preparatory arousal, in which thoughts are used to increase 

sympathetic arousal; self-efficacy statements, in which 



statements are made such as "I know I can do it"; and 

imagery, in which subjects visualize the task being 

performed flawlessly. 

Analysis of the relative efficacy of these psyching 

strategies has revealed inconsistent results. For example, 

studies employing post-trial questionnaires such as Shelton 

and Mahoney (1978) and Weinberg et al. (1980) found no 

significant differences among strategies employed. However, 

studies in which there was an experimental manipulation of 

specific strategies have found differing benefits associated 

with specific psyching strategies. For example, Gould et 

al. (1980) conducted two experiments examining dynamic leg 

strength in which preparatory arousal and imagery strategies 

were found superior to a control-rest condition, control-

distraction condition, and attentional focus. Because of 

possible range effects, a second experiment was conducted 

using a between-groups design and revealed that only 

preparatory arousal improved performance. However, Wilkes 

and Summers (1984) also examined dynamic leg strength while 

experimentally manipulating specific psyching strategies and 

found not only preparatory arousal but self-efficacy 

training to produce greater improvements than other psyching 

strategies or a control-read group. 

Finally, Weinberg et al. (1980) and Wilkes and Summers 

(1984) have examined the role of possible mediating 

variables between cognitive strategies and strength 
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performance. Based on suggestions by Martens (1977) and 

Oxendine (1970) that simple speed and strength tasks are 

performed best at high levels of arousal, Weinberg et al. 

(1980) have suggested physiological arousal as a primary 

mediator. However, post-experimental questionnaires from 

Gould et al.'s (1980) second experiment showed no relation 

between scales on Thayer's (1967, 1978) Activation-

Deactivation checklist and leg strength performance. 

Similarly, state anxiety scores from the State-Trait Anxiety 

Inventory (Speilberger, 1975) were not found to be related 

to level of strength performance. Like Gould et al. (1980), 

Wilkes and Summers (1984) also found little evidence to 

corroborate the hypothesis that arousal is an influential 

mediating variable. These authors did find, however, that 

"attention narrowing" may be a general effect of cognitive 

strategies. 

Ambiguity and Strength Performance 

Recent research in the area of strength performance has 

expanded its focus on cognitive strategies to include the 

role of environmental factors in peak strength performance. 

One influence on this shift in emphasis comes from the area 

of motor learning which had previously assumed that clear, 

unambiguous feedback is necessary for the acquisition and 

optimal performance of motor skills. Recent studies have 

suggested that there may be interactions among persons, 

situations, and tasks such that, under some conditions, in 



which clear, unambiguous feedback may actually retard the 

acquisition and performance of motor skills (Christina, 

1987? Salmoni, 1984; Stelmach, 1987). Echoing these trends 

in the motor learning literature, research on psychological 

variables and peak strength performance has focused on how 

weightlifters perform when feedback is decreased—namely, 

when they are unaware of the amount of weight to be lifted 

(Mahoney, 1979; Mahoney, 1993; Mahoney and Rattan, 1994). 

One program of research on the effects of ambiguity 

began with pre-experimental pilot studies reported by 

Mahoney (1979). Ambiguity was maintained by enclosing the 

weights in plastic containers or in specially-constructed 

hollow plates. Analysis of maximum performances revealed 

several subjects lifted personal records while unaware of 

the amount lifted while other lifters performed 

significantly worse than usual. This procedure was then 

repeated with national-level weightlifters at three 

different training camps at the United States Olympic 

Training Center. Similar patterns in performance were 

observed, with some lifters excelling and some performing 

worse than usual when they were unaware of the amount to be 

lifted. 

Because of the obvious implications for weightlifting 

training and competition, research on the effects of 

ambiguity has continued in studies by Mahoney (1993) with 

Olympic-caliber weightlifters and by Mahoney and Rattan 
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(1994) with college undergraduates. These studies have 

attempted not only to investigate whether ambiguity 

influences strength performance, but they also have explored 

possible predictors of performance under ambiguous and 

unambiguous conditions. 

Elaborating and refining Mahoney's (1979) work with 

national-caliber weightlifters, studies by Mahoney (1993) 

and Mahoney and Rattan (1994) employed a multivariate, 

repeated trials design in which each lifter performed under 

both known and unknown (ambiguous) conditions. The studies 

used three sets of weights: (1) a set for the known 

condition which were clearly and accurately marked; (2) a 

set for the unknown condition altered to be slightly heavier 

than the known plates by the insertion of steel rods; and 

(3) another set of plates for the unknown condition 

superficially altered to appear identical to the heavier 

plates, but not altered in terms of weight. Subjects 

performing in the unknown condition were informed that 

ambiguous weights would be within (plus or minus) 10 percent 

of the known condition weights. 

In these two studies, Olympic-caliber lifters and 

undergraduates began lifting with a light amount of weight. 

Olympic lifters performed a two hand snatch and 

undergraduates performed a deadlift. Weights were increased 

after successful pairs of attempts (known, unknown barbell) 

with the size of weight increases a function of the self-
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reported difficulty of each lift. When a cutoff difficulty 

rating was reached, increments decreased from 10 kilograms 

to 5 kilograms per attempt. To prevent sequence confounds, 

half of the subjects began lifting known weights and half 

began with unknown weights. Subjects then continued until 

failure or until voluntarily ending their participation. 

Results from both Mahoney (1993) and Mahoney and Rattan 

(1994) revealed that subjects lifted more weight when 

unaware of the amount on the barbell. Furthermore, the 

effect of ambiguity appeared to exceed mere statistical 

significance in that 15 of the 24 Olympic-caliber subjects 

lifted more weight on the unknown barbell and five personal 

records (ranging from 2.6 pounds to 33 pounds) were set. To 

put this range of increases in perspective, the increase 

necessary to break a world record in Olympic weightlifting 

is only 0.25kg, roughly one half pound. Interestingly, this 

pattern of results was also found with college 

undergraduates with 29 of 51 subjects lifting more weight in 

the ambiguous condition. 

In terms of predictors of performance, Mahoney (1993) 

found a combination of self-report and psychophysical skills 

to predict the performance discrepancy between known and 

ambiguous conditions. Of these self-report and 

psychophysical measures, the following were associated with 

increased performance in the ambiguous condition: the less 

athletes expected to lift, the worse they were at 
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ipsilaterally estimating which of two unknown weights was 

heavier, the slower they were at setting personal records, 

and the less negative affect changed pre to post lifting. 

Although not examining psychophysical measures, Mahoney and 

Rattan (1994) found two predictors of increased performance 

in the ambiguous condition: low pre-lift negative affect 

and the factor score Commitment to Sport from the 

Psychological Skills Inventory for Sports, Fifth Revision 

(Mahoney, 1988; Mahoney, Gabriel, & Perkins, 1987). 

Reasons for the above mentioned effects of ambiguity 

are unclear and represent an area for future exploration. 

Mahoney (1993) has suggested three possible reasons why 

ambiguity may enhance weightlifting performance: one, 

ambiguity may liberate lifters from mental blocks or 

barriers associated with particular weights; two, ambiguity 

may allow subjects to increase their focus on weightlifting 

technique or form rather than on how much weight is being 

lifted; and three, ambiguity may amplify subjects' arousal 

levels in a performance-enhancing manner. 

The reported research on ambiguity has suffered from 

methodological limitations that constrain their 

interpetation. One concern involves the degree to which 

ambiguity was maintained. For example, some college 

undergraduates appeared to successfully estimate the 

difference or alikeness of the known and unknown condition 

barbells early in the experimental session. Evidence for 
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this assertion comes from comments made by subjects such as 

"this one's heavier, isn't it?" or "there's no difference, 

is there?" Thus, for subjects who correctly noted the 

difference or alikeness between barbells, a certain amount 

of ambiguity, and perhaps effect size, was lost. This 

assertion appears to have some support from Mahoney's (1993) 

findings that decreased ability to estimate weight 

differences predicted increased performance in the ambiguous 

condition. Decreases in ambiguity may have been 

particularly true for subjects lifting the known weight 

first in each pair of attempts. 

In terms of the Olympic-caliber lifters, no information 

is available on weight estimation during the experimental 

session. However, it seems reasonable that some of these 

subjects may have detected differences between the known and 

unknown barbells and that their estimations may have 

influenced subsequent performance throughout the 

experimental session. Arguably then, a loss of ambiguity 

would be especially important for Olympic-caliber lifters 

who are more intimately familiar with their personal best 

lifts than are a population of undergraduates. An example 

of this loss of ambiguity would be: an Olympic-caliber 

athlete begins lifting with a known amount of weight, 

correctly estimates the unknown bar is heavier, detects this 

as an ongoing pattern, and knows the weight is, at most, 10% 

heavier than the known weight. For his final lifts, the 
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Olympic-caliber lifter may then be able to deduce he is 

attempting a personal record on the unknown barbell. 

Regardless of subjects' weight estimation abilities, it may 

be argued that the combination of (1) giving subjects the 

parameters of plus or minus 10%, and (2) lifting in pairs 

(one known and one unknown barbell) enables lifters to have 

sufficient structure to lessen the ambiguity of the unknown 

condition. 

Conversely, one apparent problem with the procedure 

employed by Mahoney and Rattan (1994) with undergraduates is 

that the known weight condition may have been too ambiguous 

to accurately gauge effect sizes between known and unknown 

conditions. That is, it is doubtful that many 

undergraduates had any training experience with the 

relatively obscure deadlift and even more doubtful that any 

subjects had recent experiences of personal maximum 

deadlifts. Thus, the known condition may have been nearly 

as "unknown" to college undergraduates as the true unknown 

condition, since weight amounts probably held little meaning 

for these lifters. 

The study reported here attempted to address the above 

mentioned procedural concerns and examine possible reasons 

for the effect of ambiguity as suggested by Mahoney (1993). 

In terms of possible reasons for ambiguity's effect, mental 

blocks or barriers associated with particular weights were 

examined in a demographics questionnaire (see Appendix A) 
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which included both direct questions about the existence of 

mental blocks associated with particular weight amounts and 

questions regarding the ease or difficulty with which 

personal weightlifting records are broken. Increased focus 

on technique was addressed in a post-lift questionnaire (see 

Appendix B) examining the amount of time spent thinking 

about technique during lifting versus time spent considering 

other factors such as how heavy the weight felt and what was 

the actual weight on the barbell. Borrowing from the 

literature on mental preparation strategies, the effect of 

performance-enhancing arousal was examined by 

administration of the State-Trait Anxiety Inventory (STAI) 

(Spielberger, 1975) before and after known and unknown 

lifting sessions. 

Procedural concerns from prior research were addressed 

by having subjects perform under known and unknown 

conditions seven days apart. This procedure was used in an 

attempt to lessen the structure imposed on the ambiguous 

condition in previous research which combined known and 

unknown lifts within the span of 1 to 2 minutes. To ensure 

known condition weight amounts would be meaningful to 

subjects, a more popular lift, the bench press, was used and 

potential subjects were screened for experience with the 

bench press. Additionally, during the unknown lifting 

session, weights were concealed to prevent visual estimation 

of the amount on the barbell and subjects were not given the 



I6 

parameters of the unknown barbell (e.g., plus or minus 10% 

of the known barbell). Finally, subjects began with 

different starting weights in the known and unknown 

conditions. The difference in starting weights was used to 

maintain ambiguity by dissuading subjects beginning in the 

known condition from using their prior experience of 

starting points and subsequent weight increases to predict 

unknown condition weights. 

Hypotheses 

1. Based on prior research on the effects of 

ambiguity, a significant main effect for the ambiguous 

condition was predicted. 

2. No main effects were expected for order. That is, 

subjects lifting first in the unknown condition were not 

expected to perform significantly better than subjects 

beginning in the known condition. No differences were 

expected for order because proposed procedural changes 

should have sufficiently minimized loss of ambiguity 

occurring for subjects beginning in the known condition. 

3. Higher levels of state anxiety, as measured by the 

STAI, were expected for subjects after completing the 

unknown condition. Although this result could not be 

predicted from previous empirical findings on strength 

performance, it was predicted from theoretical notions of 

response to ambiguous situations such as proposed by Kelly 
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(1955) who described anxiety as a response to situations for 

which no constructs existed. 

4. Low negative affect, as measured by the Pre-lift 

PANAS, was expected to be a significant predictor of 

increased performance in the unknown condition. 

5. Post-lift negative affect, as measured by the 

PANAS, was hypothezied to be greater in the unknown 

condition than the known condition. Like post-lift anxiety, 

this increased negative affect was also based on 

constructivist theories of response to ambiguous situations 

such as those of Kelly (1955). 



CHAPTER II 

METHOD 

Subjects 

Subjects were 52 males between the ages of 18 and 30 

years. They were recruited from introductory psychology and 

physical education classes at the University of North Texas 

and from local health clubs. Two selection criteria were 

used: one, potential subjects had to report prior personal 

experience with the free weight bench press; and two, 

subjects had to report some knowledge of their prior 

personal bests in the bench press. 

Confidentiality of results was maintained by number-

coding subjects' files and keeping release forms in a 

separate file. 

Materials 

Positive and Negative Affect Schedule. The Positive 

and Negative Affect Schedule (PANAS) (Watson, Clark, & 

Tellegen, 1988) is a 20 item self-report inventory which is 

comprised of a 10-item negative affect scale (NA) and a 10-

item positive affect scale (PA). The PANAS is scored on a 

4-point Likert-type scale on which subjects rate the extent 

each listed adjective represents how they feel in the 

present moment with a score of 1 representing "not at all" 

18 
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and a score of 4 representing "very much". The PANAS has 

shown high alpha internal consistency (a = .86 to .90 for PA 

and .84 to .87 for NA) and NA and PA scales have shown to be 

largely uncorrelated with each other (r = -.12 to -.23) 

(Watson, Clark, & Tellegen, 1988). In terms of stability 

over short time intervals, both PA and NA scales have been 

found sensitive to changing internal or external 

circumstances (Watson, Clark, & Tellegen, 1988). 

State-Trait Anxiety Inventory. The State-Trait Anxiety 

Inventory (STAI) (Spielberger, 1975) is 40 item self-report 

inventory consisting of a 20 item state-anxiety scale (A-

state) and a 20 item trait-anxiety scale (A-trait). For the 

purposes of the proposed study, however, only the state 

anxiety scale was examined. 

The psychometric properties of the STAI have been 

extensively researched and the instrument has shown 

consistently good reliability and validity. The instrument 

was normed on a non-psychiatric population and has been 

extensively employed in research with undergraduate 

populations (Speilberger, Gorsuch, & Lushene, 1970). 

The A-state scale is comprised of 20 statements 

describing feelings of anxiety at a given moment in time on 

a continuum of increasing intensity (Speilberger, 1975). 

Subjects respond to each item on a 4-point Likert-type scale 

which includes the following choices: "not at all," 

"somewhat," "moderately so," or "very much so." 
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Speilberger (1975) states that when used in research, the 

STAI A-state scale may be administered with instructions to 

concentrate on a particular time frame such as during the 

experimental phase of the proposed study. Responses are 

combined to produce a composite score with low scores 

reflecting calmness, intermediate scores reflecting tension, 

and high scores indicating fearfulness approaching panic. 

Demographic Questionnaire. A brief demographic 

questionnaire was developed for the present study. Along 

with biographical information, the questionnaire also asked 

about personal experiences in weightlifting in general, and 

experiences with the bench press in particular. Responses 

to some questions about weightlifting experiences were 

scored on a five point Likert-type scale. 

Equipment 

All subjects performed the bench press using a padded, 

supine bench approximately 20 inches high and an Olympic-

width safety rack. An Olympic-style barbell weighing 20 

kilograms was used. A leather weight belt was worn for each 

attempt. 

Olympic-style Invanko barbell plates were used in the 

present study. These weights were calibrated by the 

placement of brass rods in the plates and the amount shown 

on the plates was accurate to the nearest kilogram. 

Two black plastic covers were used to prevent subjects 

from seeing the weights on the unknown barbell. The covers 
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were attached to the inner portion of each side of the 

barbell and encircled the weights. The weight of the covers 

was less than 0.5 kilograms and no attempt was be made to 

compensate for this amount of weight on the known barbell. 

Procedure 

Subjects volunteered for the study by signing their 

names on a recruitment sheet advertising the study. The 

sheet was placed on the research bulletin board on the 

second floor of the psychology building (see Appendix C) and 

also placed in selected area health clubs. To help prevent 

confounds, the sign-up sheet asked subjects to refrain from 

upper body weightlifting for a period of 48 hours prior to 

participation in the first and second lifting sessions. The 

sheet also described that the study required their 

participation on two separate days, seven days apart, one 

day for the known condition and one day for the unknown 

condition. Subjects were also asked to sign-up at 

approximately the same time of day for both sessions. 

Separation of lifting conditions was undertaken to maximize 

ambiguity and seven days was chosen to allow for muscle 

recovery while minimizing historical confounds from factors 

such as increased or decreased strength. Subjects were 

asked to sign-up at the same time of day for both sessions 

to prevent error variance from factors such as differential 

muscle temperature and blood pressure due to time of day. 
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The PANAS positive affect scale has also shown sensitivity 

to time of day (Watson, Clark, & Tellegen, 1988). 

Upon arrival, each subject was greeted by the 

experimenter and assigned to begin lifting in the known or 

unknown condition by use of a random numbers table (Winer, 

1971). Subjects then read and signed informed consent 

documents (see Appendix D) and completed the demographics 

questionnaire, the PANAS, and STAI A-State and A-Trait 

scales. The STAI A-Trait scale was only administered before 

the first experimental session. 

After completing the above mentioned questionnaires, 

subjects were asked to view a videotaped demonstration of 

proper bench press technique. This lift required subjects 

to assume a supine position on a bench and to then lower the 

barbell in a controlled manner from an arms-locked position 

above the chest to touching the chest. Immediately upon 

touching the chest, the barbell was then pressed back to the 

starting arms-locked position in one continuous motion. The 

lift primarily involved the pectoralis major and triceps 

muscles. 

After viewing the videotape, a brief weight-estimation 

task was performed by having subjects bench press an unknown 

amount of weight (88 pounds) and estimate the amount lifted 

to the nearest pound (discrepancy measure). Subjects then 

lifted a weight that was approximately 98 pounds and asked 
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to state if the weight was lighter, heavier, or the same as 

the preceeding 88 pound lift (discrimination measure). 

Discrepancy and discrimination tasks were counterbalanced 

and were also performed during subjects' second session for 

standardization purposes. Black plastic covers enveloped 

the weights at all times preventing subjects from seeing the 

amount of weight on the barbell. 

Subjects who began lifting in the known condition began 

with 70 percent of their bodyweight and were instructed to 

report the difficulty of each lift immediately after its 

completion. Difficulty was rated on a scale from 1 to 100 

with 1 signifying an extremely easy lift and 100 signifying 

an extremely difficult lift. These ratings were then used 

to determine the amount of subsequent weight increases. 

Weights were increased by increments of 10 kilograms (22 

pounds) until the subject reported a difficulty rating of 80 

or above. At this point, weight increases dropped to five 

kilograms (11 pounds) and after a difficulty rating of 90 or 

above, weight increases dropped to 2.5 kilograms (5.5 

pounds). Subjects lifting in the known condition were told 

the exact amount of weight in pounds before each attempt and 

could also verify the stated amount by inspecting the 

weights on the barbell. The barbell was then covered to 

protect the internal validity of the study. 

For both conditions, a mandatory rest period of two 

minutes between lifts was observed until subjects report 
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difficulties of 80 or above. At this point, the rest 

interval increased to three minutes to ensure sufficient 

time for muscle recovery. There was no increase in this 

inter-trial time interval for attempts at difficulty ratings 

of 90 or above. During these rest periods, subjects were 

instructed to sit in an adjacent room and listen to 

instrumental music. The room served to prevent subjects 

from visually estimating the amount of weight increases 

between lifts. Instrumental music was played to prevent 

estimation of weight increases from auditory information 

such as the sound of plates being added or decreased, or 

from hearing researchers discussing weight to be added. All 

weights not in use were kept in metal lockers on either side 

of the barbell. 

After beginning with 70 percent of bodyweight, weight 

increases continued until: (1) the subject failed at two 

attempts on the same weight, at which time lifting was 

mandatorily terminated; (2) the subject voluntarily 

terminated their participation; or, (3) the experimenter 

deemed lifting should be terminated. Criteria for 

termination at the discretion of the experimenter included: 

technique issues, such as the symmetry with which the weight 

was being pressed and the degree to which the lower back was 

arched; and general health issues, such as subjects who 

appeared overly fatigued. Subjects who reported difficulty 
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levels at or above 90 were reminded by the experimenter they 

could terminate participation in the study at any time. 

Subjects who began lifting in the unknown (ambiguous) 

condition completed the same pre-lift instruments as 

mentioned above and performed the same weight estimation 

task. However, unlike the known condition, subjects began 

lifting with a very light weight (88 pounds) instead of 70% 

of their bodyweight. This difference in starting point was 

designed primarily for subjects beginning in the known 

condition who could have relied on their knowledge of 

starting point and subsequent increases to estimate weights 

in the unknown condition. The different starting point was, 

then, an attempt to convince subjects that starting points 

and subsequent weight increases could have been different 

for the two conditions thereby dissuading them from 

predicting unknown weights. 

Regardless of condition, subjects lifting in their 

second session completed a pre-lift PANAS and STAI A-State 

scale. Weightlifting procedure was reversed depending on 

subjects' beginning condition, and the post-lift 

questionnaire, PANAS, and STAI A-State scale were completed 

follwing all lifts. A request for results (see Appendix E) 

was given to subjects who expressed interest in receiving a 

brief summary of the study's findings. 



CHAPTER III 

RESULTS 

The study employed a 2 X 2 multivariate analysis of 

variance (MANOVA) design with 1 between groups factor 

(order) and 1 within-group factor (condition— 

known/unknown). After conducting the MANOVA, exploratory 

(stepwise) multiple regression analyses were run to 

determine predictors of weightlifting performance with the 

dependent variable being the discrepancy in maximum 

performance between the known and unknown conditions. 

Before multiple regression analyses were run, an 

intercorrelation matrix was constructed and highly 

correlated predictor variables were identified to protect 

against multi-colinearity effects. 

A 2 X 2 multivariate analysis of covariance (MANCOVA) 

was run to examine post-lift changes in affect as measured 

by the STAI. Independent variables were order and condition 

(known/unknown). Post-lift PANAS and STAI scores served as 

the dependent variables and pre-lift PANAS and STAI scores 

were used as the covariates. Pre- and post-lift scores on 

the PANAS and STAI were also entered into multiple 

regression analyses as potential predictors of performance 

in the ambiguous condition. 
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Descriptive statistics and manipulation check are 

presented first in this section. Analyses of hypotheses one 

through five will then be examined. Finally, supplemental 

analyses will be discussed including multiple regression 

analyses, an analysis of the effect of time (session one 

versus session two), and lastly, strength and discriminant 

function analyses. 

Descriptive Data and Manipulation Check 

Fifty-two subjects completed the present study with 28 

subjects lifting in order known-unknown and 24 subjects 

lifting in order unknown-known. Means and standard 

deviations from responses to the demographic questionnaire 

are presented in Table 1. Means and standard deviations 

from PANAS and STAI scores are presented in Table 2. Other 

descriptive information is presented in Figures 1-4. Of 

particular note are .PANAS findings that show, across order, 

positive affect in the known condition significantly 

increased pre- to post-lift (t = 2.73, df = 51, p. < .01) 

and negative affect decreased pre- to post-lift (t = 1.97, 

df = 51, p < .05). In the unknown condition, negative affect 

did not significantly decrease pre- to post-lifting but 

positive affect did increase (t = -2.33, df = 51, p < .02) 

(see Table 2 and Figures 1 and 2). Figures 3 and 4 show 

self-reported reasons for lifting and self-rated responses 

to questions about lifting technique. Reasons for lifting 
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Table 1 

Means. Standard Deviations and Percentages of Demographic 

Data/Status Variables 

Variable Mean or % SD 

Current Age 21.87 3.13 
Classification 

Freshmen 13.50% 
Sophmore 25.00% 
Junior 28.80% 
Senior 32.70% 

Ethnicity: 
Caucasian 75.00% 
Afro-American 13.50% 
Hispanic 11.50% 

Competitive Lifting Experience 17.30% 

Currently Lifting Weights 69.20% 

Expected Maximum Lift (Kilograms) 98.20 22.23 
Best Lift, Previous Six Months (Kgs.) 104.68 25.74 
Lifetime Maximum Lift (Kgs.) 119.54 27.21 
Self-Reported Rankings of Reasons 
for Lifting: 

To Improve Appearance 1.73 .49 
To Relieve Stress 2.96 1.37 
For Fun/Recreation 3.25 1.16 
To Train for Other Activity 3.47 1.77 
To Set Personal Records 4.45 1.35 
To Meet People/Be With Friends 5.08 1.07 
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Table 2 

Means and Standard Deviations of PANAS. STAI and Self-

Reported Technique Ratings 

Variable Mean SD 

Known Condition 
PANAS Pre-Lift Positive Affect 28.75 5.44 
PANAS Pre-Lift Negative Affect 13.83 4.87 
PANAS Post-Lift Positive Affect 31.19 5.97 
PANAS Post-Lift Negative Affect 12.85 3.76 

Unknown Condition 
PANAS Pre-Lift Positive Affect 29 .86 5. 30 
PANAS Pre-Lift Negative Affect 13 .41 3. 98 
PANAS Post-Lift Positive Affect 31 .52 5. 29 
PANAS Post-Lift Negative Affect 12 .88 3. 59 

STAI Trait Anxiety 36 .23 8. 41 

Known Condition 
STAI State Anxiety, Pre-Lift 34 .87 9. 45 
STAI State Anxeity, Post-Lift 35 .58 8. 98 

Unknown Condition 
STAI State Anxiety, Pre-Lift 36 .19 10. 58 
STAI State Anxiety, Post-Lift 34 .67 8. 88 

Known Condition 
Technique Question #1 4 .44 • 92 
Technique Question #2 4 .21 1. 26 
Technique Question #3 3 .79 1. 17 
Technique Question #4 2 .85 1. 24 
Technique Question #5 3 .27 1. 36 
Technique Question #6 3 .76 1. 45 

Unknown Condition 
Technique Question #1 4 .40 • 98 
Technique Question #2 4 .31 1. 15 
Technique Question #3 3 .51 1. 47 
Technique Question #4 3 .06 1. 49 
Technique Question #5 3 .29 1. 47 
Technique Question #6 3 .77 1. 69 
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Figure 1 

PANAS POSITIVE AFFECT 
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Figure 2 

PANAS NEGATIVE AFFECT 
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Figure 3 

Self-Reported Reasons for Lifting Weights 

For Another SDort 
ImDrove ADDearance 
Set Personal Records 
For Fun/Recreation 
To Relieve Stress 

19.2% For Another Sport 
57.7% To Improve Appearance 
3.8% To Set Personal Records 
5.8% For Fun/Recreation 
7.7% To Relieve Stress 
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Self-Reported Technique Ratings 
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Known Condition 
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QUESTION NUMBER 

1.Technique throughout lifting session 
2.Technique on last successful lift 
3.Technique if last lift was unsuccessful 
4.Time spent estimating weight during lifts 
5.Time spent estimating weight, last succesful lift 
6.Time spent estimating lift, failed lift 
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and technique ratings were examined with dependent samples t 

tests. Results revealed no differences for order or 

condition. 

The experimental manipulation was informally checked by 

asking five randomly chosen subjects how much weight they 

had lifted after a successful attempt in the unknown 

condition. Results suggested the manipulation was 

successful with one subject estimating the barbell to be 45 

pounds lighter than the actual weight of the barbell. 

Overall, 2 lifters estimated the barbell to be heavier than 

the actual weight and 3 lifters estimated the barbell 

lighter than actual. The average difference between 

estimated versus actual weight was 4.5 kilograms regardless 

of direction. 

Hypothesis One 

Hypothesis one predicted a significant main effect for 

subjects lifting in the unknown condition. This hypothesis 

was not corroborated by analyses of actual weight lifted 

F(l, 50) = .62, p = .434). Without regard to order, 

subjects lifted approximately the same amounts of weight in 

both conditions (known condition M = 105.24 kilograms, 232.1 

pounds); unknown condition M = 104.95 kilograms, 231.41 

pounds). 

In terms of individual differences, 14 subjects lifted 

more weight in the unknown condition, 15 subjects lifted 

more weight in the known condition and 23 subjects lifted 
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the same amount of weight in known and unknown conditions. 

Four lifters set personal records with an average 12.7 

pounds (5.76 kilograms) increase and with a range of .50 

kilograms (1.1 pounds) to 8.03 kilograms (17.7 pounds). 

A significant interaction effect was shown between 

order and condition £(1, 50) = 6.05, p < .017) (see Figures 

5 and 6). Simple main effects of this interaction are 

discussed in the following section. 

Hypothesis Two 

Hypothesis two predicted that there would be no effect 

for order of condition (unknown/known, known/unknown). This 

hypothesis was marginally corroborated with a simple main 

effects analysis showing only trends (Order 1, 

Unknown/Known, F(l, 24) = 3.62, p < .070, Order 2, 

Known/Unknown, F(l, 27) = 2.16, p = .153) with order 1 

showing only a marginal difference between conditions. 

Analysis of the condition by order interaction revealed that 

subjects beginning in the unknown condition lifted more 

weight than subjects beginning in the known condition (M = 

108.33 unknown, M = 101.25 known) though not significantly 

so F(l, 51) = 1.37, p = .247. This increased performance 

was carried over into the second lifting session with order 

1 subjects (unknown-known) lifting more weight in the known 

condition than order two subjects (known-unknown) lifting in 

the unknown condition (M = 109.90, known, M = 102.05, 

unknown) F(l, 51) = 1.79, p = .186. Thus, subjects 
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Figure 5 
Order by Condition Interaction 
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Figure 6 
Kilograms Lifted by Condition and Time 
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beginning in the unknown condition initially lifted more 

weight than their counterparts (7.08 kilograms) and 

increased their performance nearly twice as much (1.57 

kilogram increase for order unknown/known, .80 kilogram 

increase for order known/unknown). 

Hypothesis Three 

Hypothesis three predicted that higher levels of 

state anxiety would be observed after subjects 

completed the unknown condition. Subjects' scores on the 

STAI anxiety scale were examined by a 2 X 2 MANCOVA with 

pre-lift state anxiety as the covariate. 

The results revealed no significant increase in post-

lift state anxiety upon completion of the unknown condition 

F(l, 49) = .50, p < .484). Further, neither pre- nor post-

lift state anxiety levels significantly predicted 

performance when entered into the multiple regression 

analyses. 

Hypothesis Four 

Hypothesis four proposed low negative affect would 

predict increased performance in the unknown condition. 

Negative affect was measured by the PANAS Negative Affect 

scale and did not prove to be a significant predictor of 

increased performance in the unknown condition failing to 

account for enough variance to be selected in multiple 

regression analyses. 
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Hypothesis Five 

Hypothesis five predicted greater post-lift negative 

affect for subjects completing the unknown condition. 

Negative affect was measured by the PANAS Negative Affect 

scale and a 2 X 2 MANCOVA was run to examine post-lift 

differences in negative affect with pre-lift negative affect 

as the covariate. Results did not corroborate the 

experimental hypothesis of increased post-lift negative 

affect F(l, 48) = .13, p = .719. 

Supplemental Analyses 

Multiple regression analyses. An intercorrelation 

matrix was constructed and selected highly correlated 

variables were dropped from analyses to protect against 

multi-colinearity effects. The dependent variable was the 

difference in performance between the known and unknown 

conditions. Multiple regression analyses revealed two 

strong predictors of this difference in performance 

(Multiple R = .563, F = 13.93, p < .001). The first and 

strongest predictor was number of attempts in the known 

condition (B = -563, t = -3.73, p < .001). The second 

identified predictor was self-reported difficulty in 

breaking personal records in the bench press (B = .310, t = 

2.16, p < .039). Thus, the more attempts made in the known 

condition, the worse was subjects' performance in the 

unknown condition. Also, greater reported difficulty in 
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breaking bench press records was associated with increased 

performance in the unknown condition. 

Time analysis. Regardless of condition or order, 

subjects lifted more weight in their second session (M = 

104.5 kilograms, or 230.42 pounds, for time 1, M = 105.7 

kilograms, or 233.07 pounds, for time 2, t = -2.41, p < 

.019). In terms of individual differences, 21 subjects 

lifted more weight during time two, 8 subjects lifted more 

weight during time one and 23 subjects lifted the same 

amount during both sessions. 

Strength ratio analysis. The possibility that 

subjects' relative strength might account for differences in 

unknown performance was examined by dividing subjects' body 

weight into their maximum amount lifted. This proportion 

yielded an overall strength index (percent of bodyweight 

lifted) which was then used as a dependent variable. 

Results of a 2 X 2 MANOVA revealed the same pattern of 

findings with the raw weight dependent variable with a 

significant order by condition interaction shown F(l, 50) = 

7.32, p < .009) and with no main effects for order F(l, 50) 

= 1.18, p = .282) or condition F(l, 50) = .61, p = .439). 

Simple main effects analyses were also not significant with 

order 1 (unknown-known) approaching significance F(l, 23) = 

4.04, p = .056 and order 2 (known-unknown) also becoming 

"more trendish" than with raw weight as the dependent 

variable F(l, 27) = 3.03, p = .093. 
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The strength index was also entered as a predictor 

variable in multiple regression analyses. This index was not 

predictive of the dependent variable (discrepancy between 

known and unknown maximum lifts) failing to account for 

enough variance to be selected in multiple regression 

analyses. 

Technique analysis. Subjects' post-lift responses 

after each condition to six questions were examined by 

dependent samples t tests. These questions addressed 

subjects7 perception of how heavy the weight felt during 

lifting and their technique during successful and 

unsuccessful attempts (see Appendix B). Each question was 

paired with its counterpart in the opposite condition. 

Results of these t tests showed no significant differences 

in reported technique. 

Discriminant function analysis. A discriminant 

function analysis was run to identify variables that 

predicted whether subjects lifted more in the unknown 

condition or known condition. A discriminant function 

analysis was significant (Wilk's Lamba = .65, Chi Square = 

10.635, df = 4, E < .031). 

Results showed a positive relation between self-

reported difficulty in breaking personal records and 

performance in the unknown condition (structure coefficient; 

Sc = .90). However, self-reported importance of setting new 

personal records was negatively related to performance in 
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the unknown condition (Sc = -.32). Thus, the more subjects 

reported difficulty in breaking personal records in the 

bench press, the more likely they were to show increased 

performance in the unknown condition. Conversely, the more 

importance they assigned to breaking personal weightlifting 

records, the more likely subjects were to show decreased 

performance in the unknown condition. Self-reported 

difficulty in breaking weightlifting records (not just bench 

press records) also predicted performance in the unknown 

condition (Sc = .35). Likewise, the self-reported 

importance of weightlifting to subjects predicted 

performance in the unknown (Sc = .22). 



CHAPTER IV 

DISCUSSION 

This study explored the effect of ambiguity on 

weightlifting performance. Previous literature had 

suggested that ambiguity might influence weightlifting 

performance. Interpretation of that literature has been 

impaired by several methodological problems, however. These 

problems included immediate pairing of known and unknown 

weights, telling subjects the parameters of variation in the 

barbell, and the possible confound of familiarity or 

meaningfulness when lifters were unfamiliar with the 

experimental lift. The present study attempted to mitigate 

these problems by separating known and unknown conditions by 

seven days while employing a well-known lift with more 

experienced weightlifters. Based on previous research, 

increased performance was predicted in the unknown condition 

and increases in effect sizes were posited because of 

greater experimental control over the unknown condition. 

Hypothesis One 

The primary hypothesis of this study was that subjects 

would lift more weight in the unknown condition than in the 

known condition. This hypothesis was not supported by a 2 X 

2 MANOVA on the effects of ambiguity and order of testing. 
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Thus it cannot be concluded from these data that ambiguity 

of weight enhances lifting performance as predicted. 

Interpretation of these analyses is complicated, however, by 

the fact that there was an apparent order effect (as 

revealed by the order by condition interaction, although the 

main effect for order was not significant) as well as a 

possible practice effect. In the first experimental 

session, subjects lifting in the unknown condition performed 

better than their peers in the known condition. One week 

later, the same individuals generally improved their 

performance even though their condition assignments were 

reversed. 

Besides possible order and practice effects, another 

explanation for the present findings is that variance 

specific to the present studies' population, type of task, 

or interaction between the two, may have lead to results 

different from previous research. For example, the present 

studies' population was clearly more experienced than novice 

lifters and less experienced than Olympic-caliber lifters. 

Therefore, unlike novices, subjects may have known enough 

about weightlifting to be distracted by the ambiguous task, 

but too inexperienced to channel this distraction into 

enhanced performance like Olympic-caliber lifters. 

Along with population, type of task might have lead to 

different results from prior research. The bench press 

primarily involves raw strength whereas the two hand snatch 
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requires larger components of flexibility, balance, speed, 

and technique. Like the bench press, the deadlift is 

primarily a strength lift; however, the bench press is a 

more familiar lift for novices and non-competitive lifters. 

However, in the light of the present studies' findings it is 

unclear how differences in task may have influenced 

performance. 

Other sources of variance from prior research on the 

effects of ambiguity includes possible methodological 

problems in the present study. These potential problems 

will be discussed in the section "Possible Methodological 

Problems." 

Hypothesis Two 

The second hypothesis predicted no differences in 

performance due to order of condition. This hypothesis was 

not clearly corroborated in the present study due to an 

order by condition interaction. The interaction appeared to 

be composed of a trend for subjects beginning in the unknown 

condition to achieve their best lift during their known 

performance and an opposite trend for subjects beginning in 

the known condition to do best in the unknown condition. 

This is further complicated by the general (although not 

statistically significant) tendency for subjects of the 

former order to be stronger than those in the latter, and 

for both groups to increase their performance in the second 

session. One interpretation of this finding is that 
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ambiguity may have been greatest for subjects beginning with 

the unknown condition. Since these subjects had no prior 

experience or knowledge to "structure" the task, increased 

arousal or effort may have been exerted which was not 

detected by the present studies' self-report instruments. 

Finally, subjects beginning in the unknown condition may 

have been simply stronger than their counterparts and their 

increased performance gains from the first session to the 

second session may be merely a function of their greater 

strength and not of condition or order. 

Hypothesis Three 

The third hypothesis, that state anxiety levels would 

increase for subjects after completing the unknown condition 

was not supported in the present study. This result is not 

completely surprising, however, because state anxiety has 

not been examined in previous research on the effects of 

ambiguity and strength performance. Instead, predictions of 

increased state anxiety levels were based on theoretical 

notions of response to unstructured or ambiguous situations. 

Further, another problem with measuring post-lift state 

anxiety after the unknown condition was precisely that the 

measure was taken minutes after the completion of the 

unknown condition, thus the "unknown" task was over. Also, 

the task of completing the questionnaire represented a 

familiar (subjects also completed the measure pre-lift), 

relatively simple, nonambiguous task which may have lessened 
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any state anxiety resulting from the preceding unknown 

condition. 

Despite difficulties measuring state anxiety in the 

present study, this finding may be accurate and represent 

the fact that the ambiguous condition is not sufficiently 

arousing to produce detectable differences in state anxiety. 

If valid, this finding would argue against the idea that the 

effect of ambiguity is mediated by increased arousal. 

Hypothesis Four 

The fourth hypothesis posited low pre-lift negative 

affect would predict increased performance in the unknown 

condition. This hypothesis was not supported. However, 

unlike the immediately preceding hypothesis, this hypothesis 

had some support from the empirical literature on ambiguity 

and strength performance. One possible reason for this lack 

of support was that the variance which served as the 

criterion for multiple regression analyses (the difference 

between maximum known and unknown performances) was smaller 

than in previous research and the direction of the variance 

was also different (known performance greater than unknown) 

in many subjects. That is, the window of variance predicted 

in multiple regression analysis was smaller, and thus more 

difficult to predict, than in earlier studies; and known 

condition performance represented optimal performance for a 

substantial proportion of subjects in the present study 
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whereas unknown performance was optimal in previous 

research. 

Hypothesis Five 

The fifth hypothesis predicted increases in post-lift 

negative affect after subjects' completion of the unknown 

condition. This hypothesis was not corroborated. This lack 

of increased negative affect, along with state anxiety 

findings (hypothesis 3), further contradicts the idea that 

the effect of ambiguity is mediated by increasing arousal 

levels. 

Another possible reason for the lack of increased 

negative affect after the unknown condition could be related 

to the task of reporting negative affect. That is, the task 

of reporting affect was a structured and familiar one for 

subjects who completed PANAS questionnaires on four 

occasions (pre and post known, unknown conditions). Thus, 

the task of reporting post-lift affect was 

phenomenologically different (structured task) than their 

experience of the unknown condition (unstructured) which may 

have lead to decreases in negative affect associated with 

ambiguity. 

Other Findings 

While the major hypotheses were not unequivocally 

corroborated in the present investigation, other findings 

merit discussion and may provide indirect corroboration for 

the experimental hypotheses. For example, discriminant 
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function analyses suggested that subjects who feel it is 

difficult to break personal bench press records tended to 

perform better when unaware of the amount to be lifted. In 

light of other findings which suggested no differences in 

reported technique or arousal level, this result suggests 

that if ambiguity has a positive effect on performance, it 

may be more related to a lifters' cognitions, specifically 

the assumptions or beliefs about performance limitations, 

than to influences on technique or arousal level. This 

finding is consistent with the frequent gym phenomenon of 

personal records being broken when the lifter is led to 

believe the amount to be lifted is actually slightly lighter 

than a personal record, thereby changing assumptions and 

beliefs—not necessarily technique or arousal level. For 

persons who do not feel it particularly difficult to exceed 

prior performance, ambiguity may have no or different 

effects. 

Possible Methodological Problems 

Informal post-lift interviews with several subjects 

revealed signs they may have increased actual muscular 

strength as a result of the first lifting session. For 

example, of 12 subjects surveyed, nine reported muscle 

soreness from the first lifting session. Reported soreness 

subsided on an average of 3-4 days after the session. This 

pattern of reported muscle soreness and complete recovery 

before the second lifting session suggested subjects had not 
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been lifting continuously throughout the preceding months 

and may have increased their strength as the result of the 

first lifting session. 

Also related to the seven day interval, eight of 12 

subjects interviewed stated they used the initial session as 

a return to weightlifting. These subjects reported that, 

although they obeyed the experimenter's instruction to 

abstain from weightlifting 48 hours before the second 

session, they had "a couple of good workouts" soon after the 

first lifting session and that they had not been lifting 

consistently prior to that time. Report of increased 

workouts is consistent with the overall experience level of 

subjects who were typically not competitive lifters and who 

had in many instances not been lifting consistently during 

the summer months. 

Although it is clear from post-lift interviews that the 

initial condition lead to increased workouts and muscle 

strength, it is not clear how this may have affected the 

present studies' results. One possible source of error 

variance would result if training during the interval was 

influenced by initial condition. For example, subjects 

beginning in the unknown condition may have used their lack 

of feedback to train more intensely during the five day 

interval (all subjects reported no lifting during the two 

days prior to session two, as instructed). Thus, although 

both groups did better in the second session, this could 
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possibly account for the greater increase for the unknown-

known order. If true, increased performance during their 

second session would be confounded because of this 

differential effect. 

Future Directions for Research 

Despite other methodological issues, it appears clear 

that future research on the effects of ambiguity should 

continue to recruit subjects experienced with the particular 

lift employed. That is, it is essential that the type of 

lift employed and specific lift amounts are meaningful to 

the lifters. Furthermore, procedures must ensure that 

unknown weights cannot be estimated from known weights. An 

ideal approach might incorporate the above mentioned 

features into a design sensitive to the effects of time on 

weightlifting performance. This sensitivity might be 

accomplished by having two groups lift in counterbalanced 

order (known/unknown, unknown/known), a third group that 

lifts known weights during both sessions, as well as a 

fourth group that lifts unknown weights during both 

sessions. With this design, changes in performance can then 

be related to time or to changes in condition. 

Future research on the effects of ambiguity might also 

benefit from more precise measures of arousal and technique. 

For example, arousal might be measured by pre-attempt heart 

rate or Galvanic skin response. Technique might best be 

measured by well-qualified independent raters on the 
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dimensions examined in the present study and/or by analyses 

of videotapes of participants' form during performance. 

Another possible direction for future research might 

involve the relationship between ambiguity and physical 

therapy/rehabilitation programs. That is, it may be that 

for some individuals, a structured or known challenge might 

best facilitate a return to previous performance. However, 

others might find it more helpful to not know, for example, 

whether they were lifting 2 or 25 pounds. In this instance, 

ambiguity may serve to emphasize a process oriented approach 

to rehabilitation versus outcome approaches in which 

specified goals are emphasized and performance feedback is 

immediate and unambiguous. 

Summary 

Previous research had suggested the possible influence 

of ambiguity on weightlifting performance. Evidence for the 

influence of ambiguity was only partially corroborated in 

the present study. Although methodological problems in the 

present study might have mitigated against finding 

differences between the known and unknown conditions, it is 

not unreasonable to speculate that the positive effect of 

ambiguity may be relatively small or limited to only a sub-

group of weightlifters. However, in the context of Olympic 

or other elite competition, any effect sizes may be of great 

benefit because of the small differences in the performance 

of competitors. 
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Overall, these results are consistent with the 

hypothesis that the effect of ambiguity may be primarily 

mediated by cognitive variables and not due to influences on 

technique or arousal level. The present study has 

suggested, however, that the effect of ambiguity is far from 

well understood and that further research is warranted 

before derivative practical suggestions can be made for the 

training of competitive weightlifters. 



APPENDIX A 

DEMOGRAPHICS QUESTIONNAIRE 
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DEMOGRAPHIC QUESTIONNAIRE 

Name: Date: 

Date of Birth: / / Weight: 

Ethnic Origin: Major: 

Academic degree or present classification: 

Weiahtlifting Experience 

Did you participate in organized weight training programs in 
high school or college? If yes, was the program for another 
sport? What sport? How long were you involved in the 
program? 

Have you ever participated in any bodybuilding or 
powerlifting competitions? If yes, please describe. 

Are you presently involved in a weight training program, 
(including personal training programs) If yes, please 
describe your workout patterns (i.e. last six months, 3Xs 
per week, etc...) 

Do you have a lifetime personal best in the free weight 
bench press? If yes, what was the weight in pounds? 

Approximately when did this lift occur? / / 

What is your best free weight bench press in the last six 
months? 
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How much free weight do you think you can bench press today? 

Have you ever experienced any serious weight training 
injuries? If so, please describe when the injury occurred, 
the muscle(s) involved, and length of recovery etc... 

In general, how difficult is it for you to break personal 
records in weightlifting? (l=very difficult, 5=very easy) 
Circle one. 

How difficult is it for you to break personal records in the 
bench press? (l=very easy, 5=very difficult) Circle one. 

How important is it for you to break personal weightlifting 
records? (1 = not important at all, 5 = very important) 
Circle one. 

Overall, how important is weightlifting to you? (1 = not 
important at all, 5 = very important) Circle one. 

Why do you lift weights? Please rank your reasons 1 through 
6 with 1 being the most important reason why you lift and 6 
being the least important reason why you lift. 

To set personal records For Fun (Recreation) 

_To improve my appearance To relieve stress 

_To train for another activity To meet people, be 
with friends. 
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Condition: 

POST-LIFT QUESTIONNAIRE 

In regard to your heaviest lifts, did you use any mental 
strategies immediately prior to lifting to "psych-up"? 

If you did use a mental strategy to psych-up, please 
describe your strategy. (If needed, you can use the back of 
this sheet) 

Throughout the session, how was your technique or form? 
(l=very poor, 6=perfect technique) 

How was your technique or form on your last successful lift? 
(l=very poor, 6=perfect technique) 

If you lifted until failure, how was your technique or form 
on your last lift? (l=very poor, 6=perfect technique) 

During the actual process of lifting, how much time did you 
spend thinking about how heavy the weight felt? (l=not at 
all, 6=all the time) 

How much time did you think about how heavy the weight felt 
during your last successful lift? (l=not at all, 6=all the 
time) 

If you lifted until failure, how much time did you think 
about how heavy the weight felt on your last lift? (l=not 
at all, 6=all the time) 
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••ATTENTION WEIGHTLIFTERS** 

If you are male and between the ages of 18 and 30, you may 
be eligible for a study exploring psychological aspects of 
weightlifting performance. 

To be eligible for the study, you must: (1) be familiar 
with the free weight bench press, and (2) be aware of your 
personal best (maximum) lift. 

The study will involve your participation on two (2) 
separate days, seven days apart, with each session lasting 
approximately 30-45 minutes. 

If you meet the above criteria and sign to participate, 
please refrain from weightlifting for approximately 48 yours 
before your scheduled participation. 

You will receive up to 4 extra credit points for your 
participation in the study. Sign-up sheet is posted below. 
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# 

INFORMED CONSENT 

I, , hereby consent to 

participate in a scientific research project sponsored by 

the University of North Texas Psychology Department. I 

understand this project is under the supervision of Michael 

J. Mahoney, Ph.D., and its primary purpose is to evaluate 

the effects on physical performance of my knowing (versus 

not knowing) the exact weight on the barbell. I understand 

my participation is totally voluntary and involves the 

following: (1) Lifting weights on two separate days: one 

day in which I am told the exact amount of weight to be 

lifted and the other day, seven days later, in which I am 

not told or aware of the amount to be lifted. I understand 

that by agreeing to lift in these two conditions, I am 

agreeing to return in seven days to complete my 

participation in this study; (2) Completing three brief 

questionnaires, one asking for personal background 

information and the other two about how I feel both before 

and after lifting. 

I understand the weights I am to lift will begin light 

(less than body) and increases will be made gradually. 

I understand there are no risks associated with this 

experiment beyond those normally associated with the bench 

press, and the potential benefits of my participation 

include an enhancement of my self-awareness and a possible 
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contribution to scientific knowledge about weightlifting 

training and performance. I understand I am free to 

terminate my participation in the project at any point in 

time, and any information collected about me or my 

performance will be treated as strictly confidential. 

I understand that I will be given the opportunity to 

have a summary of results of this study, upon request, when 

they are available. 

If I have any questions or problems arise in connection 

with my participation in this study, I should contact 

Randall H. Rattan, the primary researcher, or Dr. Michael J. 

Mahoney, the project chair, at (817) 565-3289 or office 258, 

Terrill Hall. 

Participant Date 

Investigator Date 
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REQUEST FOR RESULTS OF STUDY 

I would like to have the results of this study, when 
available, mailed to roe at the following address (please 
print): 

Name 

Address 

City, State, Zip Code 

Signature Date 
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