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Abstract 

A theoretical model of stress and athletic injury is 

presented. The purpose of the dissertation is to propose a 

comprehensive framework of the stress-injury relationship 

that includes cognitive, physiological, attentional, 

behavioral, intrapersonal, social, and stress history 

variables. Development of the model grew from a synthesis 

of the stress-illness, stress-accident, and stress-injury 

literatures. The model and its resulting hypotheses offer a 

framework for many avenues of research into the nature of 

injury and reduction of injury risk. other advantages of 

the model are that it addresses possible mechanisms behind 

the stress-injury relationship and it suggests several 

specific interventions that may help diminish the 

likelihood of injury. The model also has the potential to 

be applied to the investigation of injury and accident 

occurrence in general. A portion of the model is then 

tested experimentally. Personality, stress, and coping 

resource variables are used to predict changes in 

peripheral vision, general muscle tension, heart rate, 

state anxiety, and fine motor skill (a hand steadiness 

task) from baseline to stress condition (a dual-task 

paradigm with noise as an added stressor). There were 

significant decreases in peripheral vision and hand 

steadiness accompanied by significant increases in state 

anxiety and heart rate from baseline to stress conditions. 
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The only significant predictor variable for peripheral 

vision changes was negative life events. Subjects with high 

negative life events ratings had greater peripheral vision 

deficits during stress than subjects who rated low on 

negative life events. For increases in state anxiety only 

the self report of how the subject experienced the stress 

condition was significant. Subjects who rated thp. stress 

condition as stressful had greater state anxiety increases 

than subjects who rated the stress condition as 

challenging. The results are discussed in terms of future 

directions for stress-injury research 



CHAPTER 1 

INTRODUCTION 
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The purpose of this dissertation was to test a portion 

of a model of stress and athletic injury proposed by 

Andersen and Williams (1988). The model suggests that the 

mechanisms behind the stress-injury relationship are the 

physiological, attentional and emotional changes that occur 

in the stress response, specifically, peripheral vision 

narrowing and generalized muscle tension. The model 

suggests other moderator variables that might influence the 

stress response (i.e., personality factors, history of 

stressors, and coping resources). To test the hypothesis 

that there is a narrowing of the visual field and an 

increase in generalized muscle tension during stress, and 

that these responses may be diminished or exacerbated by 

various moderator variables, subjects' peripheral vision, 

EMG, hand steadiness, heart rate, and state anxiety were 

measured during baseline and stress conditions. Also, 

several moderator variables were measured (e.g., sense of 

coherence, life events, coping resources) to determine 

their influences, if any, on the stress response variables. 

The rationale for the design, the methodology employed, and 

the specific hypotheses follow the review of literature. 

In the U.S.A. in 1981 over 70,000,000 injuries were 

incurred that either required medical attention or at least 
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one day of restricted activity. In sports and recreation 

alone, it is conservatively estimated that 3 to 5 million 

injuries occur each year (see Kraus & Conroy, 1984). This 

alarming information underscores the need for research that 

delves into the nature of injury and the mechanisms behind 

injury occurrence. The results of such research could be 

used to identify individuals at high risk of injury and to 

design intervention programs aimed at reducing injury risk 

levels. 

There are myriad factors that may contribute to 

injury, many of which are primarily physical (e.g., 

recreational equipment failures, weather, unavoidable 

accidents). There are also many psychological and social 

factors that may influence injury occurrence. This 

dissertation will address the interconnections of 

psychosocial factors and stress and their possible impact 

on injury outcome. First, a brief review of the research 

conducted on psychosocial and stress factors in injury will 

be presented, followed by a detailed explication of a model 

for stress and injury. 

Early athletic studies of psychological factors and 

injury stemmed from clinical or coaching experience (e.g., 

ogilvie, 1966; Moore, 1966). Many of the studies dealt 

with the connections between certain personality factors 

and injury occurrence (e.g., Sanderson, 1977). More 

recently, better controlled studies on personality and 
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athletic injury have been conducted, but unfortunately, the 

results have been inconsistent. Jackson et al. (1978) 

found that Factor I (tough-minded versus tender-minded) of 

Cattell's sixteen Personality Factor Questionnaire (16PF) 

discriminated injured from non-injured football players 

with the tender-minded players being more likely to incur 

injury than tough-minded ones. Valiant (1981) found 

similar results with runners. Irvin (1975), though, found 

no differences between injured and non-injured football 

players on Factor I, but did find differences on Factor A. 

Injured players were more reserved (versus outgoing) than 

non-injured players. Brown (1971), on the other hand, 

using the California Psychological Inventory, found no 

differences between injured and non-injured football 

players on any personality variable. Young and Cohen 

(1981), using the Tennessee Self Concept Scale, found that 

in women's basketball the injured player was more likely to 

score positively on total self concept, identity, physical 

self, and personal self. The authors suggested that 

players with the higher self concept may be more willing to 

take risks and thus may find themselves in situations where 

injury is likely. The trait approach to studying behavior 

has come under fire. See Fischer (1984) for a critique of 

the trait approach and an appeal for an interactional model 

of sport behavior. 

The personality and athletic injury research recently 
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has been somewhat overshadowed by stress-injury research, 

the results of which appear to be more consistent (at least 

for football). Much of the stress and athletic injury 

research has centered on the influence of stressful 

life events. Life events are major changes in an 

individual's life (e.g., marriage, death of a close friend, 

change in financial status). Initial interest in life 

events stems from the work of Holmes and Rahe (1967) who 

developed the Social Readjustment Rating Scale (SRRS) to 

measure stressful life events. Using the SRRS they found 

that individuals with high life-stress seemed in general to 

be at greater risk of disease than those with low life

stress. Later, it was demonstrated that stressful life 

events had an impact on accident occurrence (e.g., Selzer & 

Vinokur, 1974; Stuart & Brown, 1981). Individuals with 

high life-stress were more likely to experience an accident 

than those with low life-stress. 

From the evidence supporting a relationship of life

stress with illness and accidents, it was reasoned that 

life-stress might influence another form of "dis-ease", 

that is, injury. An early, and rarely cited, study 

(Holmes, 1970) using the SRRS found that football players 

who experienced high life-stress were at greater risk of 

incurring injury than those who rated low on life-stress. 

Later, Bramwell, Masuda, Wagner, and Holmes (1975) modified 

the SRRS to better fit an athletic population, developing 
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the Social and Athletic Readjustment Rating Scale (SARRS). 

Some items from the original SRRS were deleted and new 

items were added that were relevant to athletics (e.g., 

troubles with head coach, difficulties with eligibility, 

being dropped from team). Their results were consistent 

with the previous Holmes (1970) study. Coddington and 

Troxell (1980) and Cryan and Alles (1983) also found 

greater incidence of injury in high stress high school and 

college football players (respectively) than in low stress 

players. 

In another study on football injuries, Passer and 

Seese (1983), adapted the Sarason, Johnson, and Siegel 

(1978) Life Experiences Survey (LES) to athletics, creating 

the Athletic Life Experiences Survey (ALES). The original 

LES was designed to separate positive and negative life 

events, and test the influence of each on illness. Holmes 

and Rahe (1967) had assumed that any major change, be it 

positive or negative, would be stressful and deleterious to 

health, but evidence from Vinokur and Selzer (1978) 

indicated that only negative events were related to 

distress. Passer and Seese (1983) also broadened the scope 

of the research on stressful life events and injury by 

including three possible moderator variables of the life 

events-injury relationship (i.e., trait anxiety, 

competitive trait anxiety, and locus of control). 

Moderator variables are social, behavioral, and personality 
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factors that either influence the effects of life-stress, 

and thus injury, or contribute directly to injury outcome. 

The life events-injury relationship was again demonstrated 

(only for negative events), but they failed to detect any 

influence from the moderator variables. A recent study, 

howeve~, found that the moderator variable of social 

support contributed directly to injury. Those subjects 

with low social support were more likely to become injured 

than high social support subjects regardless of life-stress 

levels (Hardy, Prentice, Kirsanoff, Richman, & Rosenfeld, 

1987). 

All of the initial research which identified a life

stress and athletic injury relationship was conducted on 

football players. The relationship of life events to 

injury, though, has not been demonstrated in recent studies 

of collegiate volleyball players (Williams, Tonymon, & 

Wadsworth, 1986) and basketball and cross-country athletes 

(williams, Haggert, Tonymon, & Wadsworth, 1986). No 

differences in injury occurrence were found for high versus 

low life-stress subjects. Although there were 

methodological limitations in the study with basketball and 

cross-country athletes which may have influenced the 

results, no such problems occurred in the volleyball study. 

In another study, dealing with non-football athletes, high 

life-stress physical education (PE) students involved in a 

variety of sports were more likely to experience an acute 
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injury than low life-stress PE students (Lysens, Auweele, & 

ostyn, 1986). These inconsistent results illustrate the 

need for theory development and refinement in methodology 

and measurement. 

Most of the past research on stress and injury has 

been conducted on a narrow scope, minimally considering the 

complexity of stress and the broad array of factors that 

might moderate stress and injury outcome. Also, much of 

this research has been conducted without the benefit of an 

adequate framework to explain the relationships between 

psychosocial factors and injury. The purpose of the 

present dissertation is to examine a comprehensive 

theoretical model of injury (Andersen & Williams, 1988) 

which includes the cognitive, physiological, attentional, 

behavioral, intrapersonal, social, and stress history 

variables that may influence injury occurrence. A test of 

the entire model is beyond the scope of the present study 

so only a portion of the model is experimentally examined. 

The model and its resulting hypotheses offer a framework 

for many avenues of research into the nature of injury and 

reduction of injury risk. Although the model concerns 

stress and athletic injury, it is applicable to injury and 

accidents in general. The model (see Figure 1) includes 

not only stressful life events but other aspects of stress 

and psychosocial factors that may influence injury 

occurrence. other advantages of the model are that it 

• 
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addresses possible mechanisms behind the stress-injury 

relationship and it suggests several specific interventions 

that may help diminish the likelihood of injury. The 

general model and its implications for identifying who may 

be at risk of injury and how to lower this risk will be 

briefly described followed by a closer examination of the 

model's sUb-components and the rationale for their 

inclusion. An initial perusal of the model reveals four 

major components in the central portion: the potentially 

stressful situation (e.g., competition, a bad social 

encounter, Los Angeles rush hour traffic) the cognitive 

appraisal of various aspects of that situation, the 

physiological and attentional responses, and the potential 

injury outcome. The conceptual foundation for the core of 

the model was derived from smith's (1980) mediational model 

of stress. His basic stress model was originally adapted 

and expanded to fit the athletic population (Andersen & 

Williams, 1988). smith's model also proposes interventions 

aimed at the stress response core. Similar models may be 

found in health (e.g., Allen, 1983; Pelletier, 1977) and in 

other areas of sport psychology (see the competitive 

process model of Martens, 1975). Thus, the model presented 

here is not unique. 

Above the stress response core of the model are three 

major areas (i.e., personality factors, the history of 

stressors, and coping resources) that are hypothesized 



I2j .... 
'2 
11 
(D 

I-' . 
~ 

::= o 
Po 
(D 
I-' 

o 
HI 

m 
c1" 
11 
(D 
III 
III 

III ::s 
Po 

~ 
I-' 
(D 
c1" .... 
o 
H ::s 
u. 
r:: 
~ 

A MODEL OF STRESS AND ATHLETIC INJURY 
HISTORY OF 

PERSONAUTY ~ SlRESSORS « COPING RESOURCES 

HARDINESS 

LOCUS OF CONTROL 

SENSE OF COHERENCE 

SENSA TION SEEKING 
COMPETITIVE TRAIT ANXIETY 
ACHIEVEMENT MOTIVATION 

I 

UFE EVENTS 

DAILY HASSLES 

PREVIOUS INJURIES 

GENERAL COPING BEHAVIORS 

SOCIAL SUPPORT SYSTEM 

STRESS MANAGEMENT lie MENTAL SKillS 

MEDICATION, SELF OR PRESCRIBED 

I 
POlENTIAllY SlRESS RESPONSE 
SlRESSFUl 
AlHLETIC 

SllUATIONS • COGNITIVE APPRAISAL OF: 

DEMANDS 

RESOURCES 

CONSEQUENCES 

1 
COGNITIVE RESTRUCTURING 

THOUGHT STOPPAGE 

CONFlDENCE TRAINING 

PHYSlOLOGlCAL/ A TTENTlONAL ASPECTS: - INCREASED GENERAL MUSClE TENSION 

- NARROWING OF VISUAL FlElD 
INCREASED DlSTRACTIBIUTY 

INTERVENTIONS t 

FOSTERING REAUSTIC EXPECTATIONS 

FOSTERING TEAM COHESIVENESS 

RELAXA TION SKILLS 

AUTOGENICSjMEDlTA TION 

IMAGERY!MENTAL REHEARSAL 

DISTRACTION DESENSlTlZA TlON 

MEDICATION MODIFICATION 

.. INJURY 

I-' 
\0 



20 

to act as direct contributors to the stress response and/or 

moderators of stress (i.e., life events, daily hassles). 

The history of stressors contributes directly to the stress 

response. Personality factors and coping resources may act 

on the stress response either directly or through their 

moderating influence on the effects of the history of 

stressors. Most of the health literature has viewed these 

moderator variables as only moderating the effects of life

stress. This view may be too narrow in that personality 

factors and coping resources may moderate the stress 

response regardless of the levels of life-stress or daily 

hassles. 

The model is predicated on the assumption that the two 

basic mechanisms behind the stress injury relationship are 

increases in general muscle tension and deficits in 

attention during stress. It is hypothesized that 

individuals with a lot of stress in their lives, 

personality traits that tend to exacerbate the stress 

response, and few coping resources, when placed in a 

stressful situation, will be more likely to appraise the 

situation as stressful. Consequently, they may exhibit 

greater muscle tension and attentional changes, and thus be 

at greater risk of injury compared to those individuals 

with the opposite profile. 

Below the stress response are two groups of 

interventions that are hypothesized to lessen the stress 
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response by addressing either the cognitive appraisal or 

the physiological/attentional aspects. In addition, these 

interventions, and others, may be used to directly 

influence the moderator variables of coping resources and 

personality factors. Each section of the model will be 

described and all the sub-components will be examined. 

The stress Response 

The major components of the stress response and their 

potential contributions to injury outcome are discussed 

below. 

Cognitive Appraisal 

Cognitive appraisal and the potentially stressful 

athletic situation may be logically but not experientially 

separable. As athletic situations (or any other stressful 

conditions) develop (and the process may take weeks or 

months) there is a continual appraisal and reappraisal. In 

response to potentially stressful situations (e.g., NCAA 

Championships, oral prelims, dance recitals) the individual 

makes some appraisal of the demands of the situation and 

his or her ability to meet those demands (resources). If 

the person perceives his or her resources as exceeding 

demands ("I can handle this opponent easily"), the stress 

response to the situation may be minimal. On the other 

hand, if perceived demands exceed perceived resources 

("This pas de deux is a killer. I hope I don't embarrass 

myself"), the stress response to the situation may be 
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pronounced. Also, appraisal of the consequences of the 

event may influence the stress response. If the 

consequences, both actual and perceived, are crucial to the 

person's career ("If I perform poorly, I'll no longer be a 

starter) or self-esteem (liMy worth depends on my artistic 

achievements"), the stress response may be extreme. 

Whether or not one's cognitive appraisal of potentially 

stressful situations reflects reality is of little 

importance in the generation of a stress response. The 

cognitive portion of the model owes much to Ellis' (1962) 

work concerning the influence of perceptions, attributions, 

and irrational beliefs on the generation of inappropriate 

or maladaptive emotional responses. These responses, if 

extreme, may predispose an individual to be at risk of 

injury because of the attentional and physiological changes 

that accompany negative cognitive appraisals. 

Physiological/Attentional Aspects 

The cognitive appraisal of demands, resources, and 

consequences is connected bi-directionally to physiological 

and attentional aspects of the stress response. Just as 

cognitive appraisal of a situation can influence attention 

and physiological arousal and attentional patterns can act 

as feedback information for the continual appraisal and 

reappraisal of the external situation and one's behaviors. 

As for mechanisms behind the life-stress-injury 

relationship, an early suggestion by Bramwell et ale 



(1975) was that " ••• the effect of life change may be to 

hinder concentration on environmental cues that are 
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crucial ••• and/or to block previously learned adaptive 

responses when difficult and potentially damaging 

situations are recognized ••• "(p. 18). This suggestion fits 

well with the model's interpretation of the stress response 

as it relates to injury. 

There are many physiological changes that occur during 

stress, but increases in generalized muscle tension may be 

one of the more serious culprits influencing injury 

likelihood. Generalized muscle tension (bracing) has been 

suggested recently as one of the mechanisms behind the 

stress injury relationship (Nideffer, 1983). The 

simultaneous tensing of antagonistic and agonistic muscle 

groups in generalized muscle tension can lead to 

disturbances in motor coordination and reductions in 

flexibility. This condition could contribute to strains, 

sprains, and other musculoskeletal injuries. A research 

issue which needs to be addressed is whether certain 

subjects will, when placed under stress, exhibit greater 

increases in generalized muscle tension than others (e.g., 

high life-stress versus low life-stress subjects), and are 

these "tenser" subjects more likely to become injured. 

The most frequently cited culprit, however, in the 

stress-injury relationship is a change in the pattern of 

attention (e.g., Bramwell et aI, 1975; Cryan & Alles, 1983; 
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Williams, Tonymon & Wadsworth, 1986). During stress 

excessive narrowing of the visual field may occur, leading 

to a failure to pick up vital cues in the periphery and 

thus increasing the likelihood of injury (e.g., getting 

blind-sided in hockey, not seeing that car pulling up on 

the side). Also, a scattering of attention may occur under 

stress, resulting in attending to stimuli not relevant to 

the task at hand and thus failing to detect vital cues 

Kahneman, 1973). 

Changes in attention during stress have been 

repeatedly documented (see Hancock, 1984, for a review), 

but only a few studies have been conducted in a sport or 

sport-like setting. For example, Weltman and Egstrom 

(1966) found that novice divers experienced a greater 

narrowing of the visual field compared to experienced 

divers when tested in a stressful situation (open ocean). 

Why these attentional deficits occur is not exactly clear. 

It has been suggested that the profound circulatory changes 

that accompany high levels of stress may account for visual 

narrowing by affecting the blood supply to the retina 

(Weltman & Egstrom, 1966). More recently, Nideffer (1983) 

has proposed that the physiological changes that occur 

during stress act as distractors, drawing attention away 

from the primary task. This might account for the 

narrowing of the visual field and increased 

distractibility. 
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A common method used for measuring changes in 

attention during high arousal has been the dual task 

paradigm. Easterbrook (1959) suggested that increases in 

arousal lead to a restriction of cues that an individual 

can utilize to guide behavior. The restriction or deficit 

of cue utilization often occurs in the periphery. Dual 

tasks, where one is central and the other is peripheral, 

performed under stressful conditions (e.g., heat, noise) 

often show a decrement in performance on the peripheral 

task. Bursill (1958), using a dual task paradigm under 

conditions of high heat and humidity found a shift in the 

balance of attention to the two tasks. In this study, the 

peripheral detection task of visual targets suffered. This 

is not to say that stress causes impairment of peripheral 

vision as such. What may be occurring under conditions of 

high arousal is a change in the rules of allocation of 

attention and effort. Kahneman's (1973) attention 

allocation model may be relevant here. His capacity theory 

of attention incorporates the ideas of arousal and effort. 

It is assumed that there is an upper limit to the total 

amount of resources (attentional and otherwise) at any 

given time and this amount is dependent on arousal. In 

general, higher arousal levels result in the availability 

of more resources, but only up to a point (specified by the 

inverted-U principle; Yerkes & Dodson, 1908). The "current 

allocation policy" is Kahneman's mechanism that determines 



how resources will be allocated to various tasks. If 

demands exceed attentional resources because of over

arousal (stress response), the allocation policy may 

change, leaving some facets of the task at hand without 

adequate resources for successful execution (e.g., 

peripheral narrowing, leading to a failure to detect 
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cues). In Kahneman's (1973) review of the relevant arousal 

and attention literature he concludes that high arousal is 

associated with " ••• (1) narrowing of attention; (2) 

increased lability of attention; (3) difficulties in 

controlling attention by fine discriminations; and (4) 

systematic changes of strategy in various tasks." (p. 42). 

Kahneman's model offers a direct link between arousal and 

the patterning of behavior. Regarding this model, Hockey 

(1984) states liThe idea that changes in environmental 

stimulation can act (via the internal state) to alter the 

relative efficiency of different processes is one which has 

important consequences for theories of stress" (p. 464). 

Further research using an attention-allocation model and 

the present stress-injury model would help illuminate the 

role of attention in the stress-injury relationship. The 

relationship between attentional deficits and stress is 

complex and that relationship can change depending on the 

nature of the stressors and the attentional tasks. In 

terms of task variables, simple tasks are often performed 

under stress conditions while complex tasks usually suffer 
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under stress conditions (see Hockey, 1984). 

The perceptual narrowing during stress may occur in 

sensory modalities other than vision. For example, there 

is evidence that stress can reduce auditory detection 

(e.g., Poulton, Edwards & Colquhuon, 1974). Under too high 

levels of stress, someone may not even hear an important 

instruction or warning from a teammate or they may hear the 

voice but not comprehend the content. One example of 

stress and auditory detection research that is relevant to 

sport is Landers, Qi, and, Courtet (1985). They found 

slower reaction times to auditory stimuli when rifle 

shooters were under stressful conditions. What is needed 

are more studies of the effects of stress on auditory 

detection and comprehension (or stress effects on any other 

sensory modality). 

Research has addressed attentional changes under 

stress, but studies are needed that examine those 

attentional changes and the variables that may moderate 

them (see below). If attentional and physiological changes 

can be minimized during a potentially stressful situation, 

the likelihood of injury may be lowered. The literature is 

replete with studies of variables that may moderate the 

responses to and the consequences of stress. Three broad 

areas that may influence how one responds to specific 

stressful situations are presented below. 

History of stressors 
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An individual's history of stressors, i.e., the major 

life events, the chronic daily problems, and previous 

injuries appears to have a substantial impact on the stress 

response (and thus injury risk). A thorough assessment of 

the stressors in an individual's life may give a good 

estimate of how much at risk (at least from a history of 

stressors standpoint) of injury that person is. 

Life Events 

The relationship of life events stress to physical 

illness has been well established and some of the 

neurological, physiological, immunological, and hormonal 

mechanisms behind that relationship have been studied 

(e.g., Solomon, Amkrant, & Rubin, 1985). Although the 

stress-injury literature is not as vast and solid as the 

stress-illness research, there is support for a life

stress-injury relationship. The relationship of life 

events to athletic injury has been particularly well 

established for the sport of football but, as noted 

eariier, attempts to test the effects of life-stress 

outside of football have been somewhat equivocal. Perhaps 

the nature of the sport is a major determinant of injury 

outcome. Football is a full contact sport, while 

basketball, volleyball, and cross country running move from 

moderate to minimal to almost nothing, respectively, in 

terms of contact. In sports where there is a naturally 

higher incidence of injury due to physical contact, the 



relationship between stress and injury may be more likely 

to occur. 
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A relationship between accidents and life-stress has 

also been established (e.g., Selzer & Vinokur, 1974). 

Accidents are very similar to, and often inseparable from, 

injury. The salient outcome of many accidents is the 

injury of an individual, but of course this is not always 

the case (e.g., accidents resulting the damage of 

property). 

Another issue concerning life events is how they are 

measured. There are several measurement issues in the 

assessment of life events stress (e.g., confounding nature 

of some items, time frames, item weighting schemes, 

positive versus negative events, scales for special 

populations). Resolution of these issues and the 

refinement of stress scales may help eradicate the present 

inconsistencies in the stress-injury literature. For 

thorough reviews of the major measurement issues in life 

events research see Christensen (1981) and Creed (1985). 

Life events are included here as contributors to the stress 

response because of their past demonstrated value as 

predictors of injury (particularly in the sport of 

football) and accidents. 

Daily Hassles 

One weakness of earlier stress-injury studies is that 

they only examined stress within the framework of life 
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events scales. A weakness of such scales is that they 

measure only major stressful events. The stress of life 

change may not be due solely to the major life events, but 

the stress may stem from all the minor daily problems, 

irritations, or changes that accompany a major event. For 

example, moving to a new city also involves a lot of daily 

problems such as getting used to a new school, new 

neighbors, new streets, new climate, and so forth. It may 

be that life events effects operate through the daily wear 

and tear of the minor adjustments they bring about. Also, 

individuals experience many chronic daily stressors that 

may have nothing to do with a major life event (e.g., job 

dissatisfaction, being lonely). 

Kanner, Coyne, Schaefer and Lazarus (1981) developed 

The Daily Hassles Scale (DHS) which was designed to measure 

minor chronic stressors rather than major life events. The 

scale demonstrated an ability to predict illness as well as 

life events scales. In fact, in one study, daily hassles 

were found to be better predictors of psychological 

distress than major life events (Monroe, 1982). Burks and 

Martin (1985) in an attempt to refine and shorten the DHS 

(118 items) developed an Everyday Problems Scale (34 items) 

for college students and found this scale to be a better 

predictor of psychological distress than a life events 

scale. The shorter length of this scale, compared to the 

DHS, and its good predictability make it a promising 
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instrument for stress-injury research. The relationship of 

daily hassles or everyday problems to injury has not been 

established but they are included herE! as potential 

influencers of the stress response. Measurement of life 

events and daily hassles may produce a more complete 

assessment of an individual's stressors. 

Previous Injury 

An assessment of previous injuries (and their 

severity) incurred by an individual would seem crucial for 

the prediction of future injury. The old adage "once 

burned, twice shy" can apply to many injuries (e.g., 

athletic, auto, industrial). If the someone has not 

recovered physically enough to return to their activity but 

does, the high probability of re-injury is obvious. Also, 

if the person is physically, but not psychologically 

prepared to return to athletic participation or work, 

problems may arise. Fear of re-injury may lead to a 

considerable stress response and actually increase the 

probability of re-injury. The history of previous 

injuries, and the psychological and physical rehabilitation 

of the individual is extremely important. Their role in 

re-injury may outweigh other contributing factors in the 

stress-injury relationship. 

Personality 

Any comprehensive model of the relationship of stress 

to injury would not be complete without considering certain 
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personality differences. In the stress-illness literature 

many personality and psychosocial factors have been 

identified for their roles in moderating the stress-illness 

relationship (see Jenkins, 1979; Garrity & Marx, 1985). 

These personality differences may make some individuals 

less likely to perceive situations and events as stressful 

or they may predispose one to be less susceptible to the 

effects of stressors. Several of the following personality 

factors have been shown to be such moderator variables and 

some have been examined in the stress-injury literature. 

See Bergandi, (1985) and Crossman, (1985) for reviews of 

other psychological and personality factors related to 

athletic injury. There is surely considerable overlap 

among the factors, but they are all presented here as 

suggestions for future research in identifying who is most 

at risk of injury. 

Hardiness 

The trait of psychological hardiness has been shown to 

moderate the stress-illness relationship in several studies 

(e.g., Kobasa, Maddi, & Puccetti, 1982). Psychological 

hardiness is really a constellation of characteristics such 

as curiosity, willingness to commit, seeing change as a 

challenge and stimulus to development, and a sense of 

control over one's life (Kobasa, 1979). subjects with high 

stress and high scores on hardiness have rated lower in 

illness symptoms than subjects with high stress but low 
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levels of hardiness (Kobasa et al., 1982). It may be that 

hardy persons modify the stressfulness of an event by 

viewing it more positively, as a challenge to overcome 

rather than as a catastrophe. Although the relationship 

between hardiness and injury has not been established, the 

Jackson et al. (1978) finding that tough-minded football 

players were less likely to be injured than those who were 

tendered-minded seems to be addressing an issue very 

similar to hardiness. The measurement of psychological 

hardiness was originally accomplished by gathering 

subscales from various different established scales that, 

when assembled, appeared to cover the concept of hardiness 

(see Kobasa, 1979). Recently, the concept of hardiness has 

come under close scrutiny (Hull, Van Treuren, & Virnelli, 

1987). It does not appear to be the unitary concept that 

Kobasa (1979) had assumed and thus some refinement seems 

warranted. 

It is hypothesized that hardy individuals when faced 

with a potentially stressful situation are more likely to 

view it as an opportunity and a challenge. The subject 

would thus exhibit a lower stress response than one who was 

less hardy. Also, hardiness may help inoculate an 

individual from the harmful effects of life stress. 

Locus of Control 

Locus of control (probably a subset of hardiness) 

refers to an individual's perception of how much events in 
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his/her lives are under their own control. An internal 

locus of control indicates that the individual believes he 

or she is responsible for, and personally in control of his 

or her behavior and life. External locus of control is an 

orientation that sees the outside world or chance as the 

controlling factors of destiny. Rotter's (1966) Locus of 

Control scale is often used to study the effects of this 

personality variable. 

Kobasa (1979) found that locus of control 

discriminated between high life-stress/low illness 

executives and high life-stress/high illness executives 

with the low illness group having a more internal locus of 

control and the high illness group having a more external 

locus of control (illness was measured with a weighted list 

of 118 diseases). It appears that a habitual perception 

that events are outside one's control tends to exacerbate 

the stressfulness of situations. One study examined the 

role of locus of control and life-stress in football injury 

(Passer & Seese, 1983). They found the typical 

stress-injury relationship, but did not detect any 

moderating influence of locus of control on that 

relationship or on the incidence of injury in general. 

Most all of their athletes, however, had only low to 

moderate life-stress and this may have contributed to their 

failure to detect a difference in injury rates between 

external and internal locus of control subjects. Another 
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contributing factor may have been their use of the Rotter 

(1966) instrument to measure locus of control. Perhaps 

this tool is not specific enough for athletic settings, 

suggesting there may be merit in developing a sports locus 

of control scale (possibly assembly line locus of control 

scales for factory accidents). The variable of locus of 

control is included in the model because of its 

demonstrated moderating influence on the stress-illness 

relationship (see also Johnson & Sarason, 1978). More 

research is needed to determine whether or not to include 

or exclude this variable from the model. 

sensation Seeking 

Sensation seeking, which has been shown to have a 

moderating influence on stress, is included in the model 

because it is a personality factor that may be particularly 

relevant to sport. Sensation seekers are those who enjoy 

the strange or unfamiliar, like to take risks, and may 

participate in such activities as rock climbing, sky 

diving, auto racing, and so forth. Sensation avoiders do 

not care for change, avoid the unfamiliar, and stay away 

from risky activities. Smith, Johnson and Sarason (1978), 

using the Sensation seeking Scale (Zuckerman, Kolin, Price 

& Zoob, 1964), found that subjects with high life-stress 

and high sensation seeking scores reported less 

psychological distress than high life-stress/low sensation 

seeking subjects. Perhaps sensation seekers are better 
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equipped to handle life events and do not perceive them as 

stressful as persons low in sensation seeking. 

competition is full of risks, challenge and change. 

The relationship of sensation seeking to athletic injury or 

any injury for that matter is purely speculative at this 

point. sensation seeking may moderate the stress response 

and thus decrease the likelihood of injury or it may be 

that high sensation seekers are actually at greater risk of 

injury because of a willingness to take unnecessary or 

dangerous risks. Future research will be needed to confirm 

or refute the usefulness of this factor. 

Competitive Trait Anxiety 

Competitive trait anxiety, or rather trait anxiety in 

general, is a measure of the tendency to perceive and 

respond to many situations in an anxious manner. It is 

included in the model as a possible moderator variable 

because, theoretically, those who score high on trait· 

anxiety should, when faced with a stressful situation, 

experience a marked stress response and thus be more at 

risk of injury. 

Sense of Coherence 

Antonovsky's sense of coherence is included here 

because it appears to be a comprehensive concept that 

encompasses many of the characteristics found in locus of 

control, sensation seeking, and psychological hardiness. 

Antonovsky's (1985) measure of the sense of coherence is 
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the Orientation to Life Questionnaire (OLQ). The sense of 

coherence is divided into three major components (and thus 

the three subscales of the OLQ)u The component of 

comprehensibility refers to the extent to which individuals 

perceive the world and themselves as making cognitive 

sense. Is the world an ordered and consistent place or is 

it chaotic, disordered and random? The second component is 

manageability which refers to the extent to which an 

individual feels that he or she has adequate resources to 

meet the demands of life. People who score high on 

manageability believe that with their own resources and 

those of important others they will be able to cope. The 

final component of the sense of coherence is 

meaningfulness. Individuals scoring high on meaningfulness 

feel that the world makes sense emotionally and that many 

of the problems of life are worthy of commitment and viewed 

as challenges rather than as crosses to bear. The sense of 

coherence is included in the model as a potentially good 

predictor of injury because individuals who have a strong 

sense of coherence may see their participation in sport or 

any other activity as manageable, comprehensible, and 

meaningful and thus be more at ease than those with a low 

sense of coherence. The overlap of sense of coherence with 

hardiness appears extensive. Future research should 

determine which of the concepts and which of their 

concomitant instruments will best serve the stress-injury 
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research. 

Achievement Motivation 

Achievement motivation is included in the model not 

because of any solid empirical connection to illness or 

injury, but because of its possible influence on stress and 

the stress response. If an individual has a high need to 

achieve, the response to stressful situations may be 

severe, and especially so if the individual has a strong 

fear of failure. Additionally, high achievement motivation 

(and sensation seeking) may influence injury outcome 

directly and not indirectly through the stress response. 

Individuals high on these personality factors may be more 

likely to take dangerous risks and set themselves up for 

situations where injury is likely. 

Coping Resources 

Coping resources comprise a wide variety of behaviors 

and social networks that aid the individual in dealing with 

the problems, joys, disappointments, and stresses of life. 

The "role of coping resources in the stress-illness 

literature is extensive. For example, deAraujo, van 

Arsdel, Holmes, and Dudley (1973) found that among chronic 

asthma patients, those with high life-stress and low coping 

resources required more medication and had a poorer 

physical condition than other groups with more coping 

resources or lower stress. It appears that a good supply 

of coping resources may help buffer the negative effects of 



39 

life stress. See Billings and Moos (1981) for a review of 

the interactions of coping resources and life-stress. 

In the area of athletic injury, williams, Tonymon, & 

Wadsworth (1986) found that general coping resources 

(measured by the Vulnerability to stress Questionnaire: 

Miller & smith, 1982) were directly related to injury, but 

did not moderate the effects of life-stress. Athletes who 

had low coping resources were more likely to be injured 

than those with better coping resources. The failure to 

find an interaction between life-stress and coping 

resources was not surprising because the athletes reported 

only low to moderate life-stress and stress had no 

relationship to injury rate and severity. In much of the 

stress and health literature, coping resources have been 

viewed as moderating the effects of life-stress, and by 

that route, influencing illness outcome. As stated 

earlier, this may be too narrow a view. Some coping 

resources may act on the stress response directly (see 

Social Support section). What constitutes "coping" has 

been long debated and is surely multifaceted. The coping 

resources presented in the model probably do not comprise a 

complete list and must be considered only as suggestions 

for future research in the stress-injury field. 

Social Support 

One major source of coping resources is the extent and 

kind of social support system an athlete has. Agreement on 
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what constitutes social support and how to measure it has 

not been forthcoming in the stress literature. Social 

support is usually considered to be the presence of others 

on whom we can rely and who we know value and care for us. 

An example of an assessment tool for social support is The 

Social Support Questionnaire (Sarason, Levine, Basham, & 

Sarason, 1983). Also, see Sarason, Sarason, and Johnson 

(1985) for a discussion of the myriad problems that 

accompany the assessment of social support. 

Social support has been studied extensively in the 

area of stress and health. For example, the Nuckolls, 

Cassell, and Kaplan (1972) study of pregnancy complications 

found that women with high life-stress and low social 

support were much more likely to experience birth 

complications than any other group. Social support also 

was found to be a moderator of the effects of life-stress 

for all groups. The interaction of stress, social support, 

and injury has not been examined carefully. One study 

(Coddington & Troxell, 1980), though it did not 

specifically examine social support, found that football 

players who experienced family instabilities (e.g., 

separations, divorces, deaths) were more likely to become 

injured than those who did not. This could be interpreted 

as a disruption of the athlete's social support system. 

Evidence for social support's role in injury comes 

from Williams, Tonymon, and Wadsworth (1986). Half the 
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items on their coping resource questionnaire dealt with 

social support and, as stated above, coping resources was 

the only variable related to athletic injury. Hardy et al. 

(1987) also found a direct influence of social support on 

injuries. Again, athletes with high levels of social 

support had a lower incidence of injury, but the notion 

that social support buffers the effect of life-stress by 

serving as a mediating variable in the life-stress-injury 

relationship was not supported. 

The presence of a supportive social network (family, 

friends, colleagues, teammates) may directly inoculate the 

individual against injury or may attenuate the 

stressfulness of life events and daily hassles. More 

research is needed before we can determine if social 

support only directly influences the risk of injury or if 

it also buffers the negative effects of stress (as 

suggested in the general health literature). 

General Coping Behaviors 

General coping behaviors is a category containing 

several diverse behaviors that may influence an 

individual's overall stress level. Their relationship to 

injury has not been clearly demonstrated and their 

inclusion here is only suggestive. This category might 

include the assessment of such coping behaviors as sleep 

patterns, nutritional habits, exercise, time management, 

and if the individual is a student, study skills. Lack of 
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lead to higher stress and thus greater risk of injury. 
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Many of these behaviors are measured by the DHS and the 

coping resources vulnerability to stress subscale of Miller 

and smith's (1975) Stress Audit Questionnaire. 

stress Management and Mental Skills 

This section refers to the stress management 

techniques the individual has at his or her disposal and 

what other mental skills the individual possesses that may 

influence responses to stress. It has been demonstrated 

repeatedly that techniques such as meditation, relaxation, 

and biofeedback have been helpful in reducing the stress 

response. For example, in medicine, many of these 

techniques have been used to treat stress related 

disorders. Bali (1979) and Benson (1975) found long term 

reduction in hypertension for subjects who learned 

progressive relaxation or meditation, respectively, as 

compared to no change for control subjects. If these 

techniques are capable of reducing the stress response, 

they may help attenuate the likelihood of injury, so an 

assessment of stress management skills should be 

undertaken. For a brief discussion of these techniques and 

others, see the section on interventions below. 

Mental skills, game plans, or other mental strategies 

prepare an athlete for athletic endeavors, or a dancer for 

a performance. Techniques, such as thought stoppage, 
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address the cognitive aspects of the stress response by 

reducing negative appraisals and thus may moderate the 

overall stress response. other techniques address 

physiological or attentional aspects. See the intervention 

section for further discussion. 

Medication: Self or Prescribed 

Drug use is prevalent in our society for many 

legitimate and illegitimate reasons. An extensive 

pharmacopeia is employed for performance enhancement (e.g., 

anabolic steroids, amphetamines), injury treatment (e.g., 

cortisone), pain management ( e.g., novocaine, opiates), 

stress management ( e.g., alcohol, marijuana, beta 

blockers), and recreation (any number of drugs). Many of 

these substances have the ability to influence the stress 

response, perception, and performance, and thus, injury 

probability. Assessment of a person's drug use, both 

inside and outside of those drugs that are legitimately 

prescribed, is often difficult, if not impossible, due to 

the frequently clandestine nature of drug use. 

Identification of substances used and abused by the 

individual, and programs for drug use modification should 

help not only in injury prevention but in most all aspects 

of life. 

The above list of variables that may moderate stress 

and the stress response is assuredly incomplete and in some 

places redundant. It is offered here as a springboard for 
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research that will lead to a better picture of the factors 

involved in stress and injury. 

Interventions 

Not only do we wish to identify the predisposing 

factors of injury, but also to identify potential 

interventions for preventing injury. Following smith's 

(1980) suggestion, the stress response's two major 

components invite a two pronged offensive directed at 

attenuating the negative cognitive and physiological/ 

attentional aspects of the stress response. 

In the present model, however, another avenue of 

intervention presents itself. Modification of the stress 

response could also originate in changes in the personality 

and coping resources components. For example, changes in 

general coping behaviors such as better nutrition, time 

management, and good sleeping habits could impact on the 

stress response. Likewise, in the personality section, 

changes in locus of control could possibly influence the 

stress response. The avenues of intervention are many and 

future research should be directed at determining which of 

these paths is most effective in reducing injury risk. 

Interventions for the cognitive appraisal side of the 

stress response include cognitive restructuring, thought 

stoppage, confidence training, fostering realistic 

expectations, and fostering team cohesiveness. The process 

of cognitive restructuring, developed by Ellis (1962), 
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involves changing the thinking patterns and beliefs that 

lead one to make maladaptive responses to situations. For 

example, if a person believes that his or her worth is 

dependent upon performance, (e.g., the work place, the 

stage, the podium, the playing field) then performance 

situations may become much more stressful than necessary. 

Cognitive restructuring may help attenuate the stress 

response by eradicating such irrational beliefs, and thus, 

may reduce the risk of injury. For further description of 

this process and how it might be applied to sport see 

Heyman (1984). 

Fostering realistic expectations with honest, 

constructive feedback ( e.g., from boss, coach, academic 

advisor) is really a subset of cognitive restructuring, 

sort of cognitive "structuring", and can give individuals a 

clearer picture of what they can and cannot accomplish, 

what is expected of them, and so forth. This may help 

people make a rational appraisal of the demands of their 

situation and the resources they have to meet those 

demands. This realistic and rational approach to 

performance of any kind may help reduce the stress 

response. 

Thought stoppage and confidence training go hand in 

hand. What a person says to him or herself (self-talk) may 

vastly influence the cognitive appraisal of an event. For 

example, if an athlete at the beginning of a match says 
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"I'm going to lose and embarrass myself", the anxiety level 

and stress response may rise. Negative thoughts need to be 

stopped and replaced with confidence building ones. Also, 

positive self-statements (e.g., affirmations) should be 

rehearsed in the absence of any negative thoughts so they 

become automatic. Negative thoughts are at times 

appropriate, even motivating, but dwelling on them and 

ruminating over past failures can be detrimental to 

performance and stress inducing. There are several 

techniques for stopping negative thoughts and replacing 

them with confidence building ones. For a thorough 

description and review of these techniques see Bunker and 

Williams (1986). 

In athletics, team cohesiveness may act on the stress 

response through the cognitive appraisal of the 

consequences of an athletic situation or through an 

improved social support system (see above). If the athlete 

feels that the team and the coach are behind him or her, 

win or lose, then the stress response may be attenuated. 

Carron (1986) offers several practical suggestions for 

fostering team cohesiveness. The cohesiveness of the group 

is not limited to athletics. The cohesiveness of groups in 

many other endeavors may determine success (e.g., 

campaigns, fund raising) and in some groups may help 

decrease injury (e.g., factory workers). 

Interventions aimed at the physiological aspect of the 
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stress response include such relaxation skills as 

progressive relaxation and quick relaxation exercises. As 

stated above, unnecessary general muscle tension may be one 

of the key culprits in the stress-injury relationship. It 

is also detrimental to performance. Other interventions in 

this section are also useful in lowering physiological 

arousal (e.g., meditation, autogenics). Harris (1986) 

describes several relaxation techniques that are useful 

both on and off the playing field (or in and out of the 

office or assembly line). 

Interventions aimed at the attentional aspects of the 

stress response would not be needed, according to the 

model, for individuals operating at a level where demands 

do not exceed resources. Except for circumstances beyond 

their control, they should rarely incur injury. For those 

in need of interventions, regular practice of techniques 

such as imagery, autogenics, and meditation either 

separately or combined may help them attain an optimal 

level of attention and physiological arousal for the task 

at hand. Many specific concentration techniques also have 

been developed to help individuals become more resistant to 

internal and external distractors (see Schmid & Pepper, 

1986). 

The problems of medication modification have been 

discussed above. An honest, open relationship with the 

boss, parents, or sport psychologist, and the introduction 
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preparation for peak performance may reduce the need for 

substance use or abuse. In severe cases, a drug 

rehabilitation program may be the only answer. 
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Past research on the psychological factors related to 

injury has suffered from a lack of a theoretical framework 

and from simple experimental designs addressing very 

complex phenomena. The model presented here provides a 

first step at a comprehensive view of the psychosocial 

factors that may influence the frequency of injury. What 

is needed now is rigorous testing of the model using 

complex designs examining the influence of a host of 

different types of stressors and moderator variables on the 

physiological/attentional processes and the frequency of 

injury. 

The present model suggests many different research 

designs and hypotheses for both the playing field and the 

laboratory. For example, field studies should concern the 

identification of the injury prone athlete. Once 

accomplished, longitudinal studies over a team's season, 

after having implemented carefully designed programs of 

intervention, might inform researchers how effective one 

can or cannot be in reducing injury occurrence. In the 

laboratory, athletes might be tested for peripheral 

narrowing and increases in general muscle tension under 

conditions of stress (e.g., noise, heat, humidity). These 
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variables could then be compared to personality and stress 

factors to determine the interrelationships between all of 

them. 

Hypotheses 

To test the entire model would be a gargantuan task. 

The present dissertation has been developed to test a small 

portion of the model. The primary focus of the 

dissertation is not injury outcome (indeed, it is not even 

assessed) but rather fine motor skill, general muscle 

tension, peripheral vision, and state anxiety changes 

during stress. Also measured are some personality, 

personal stress, and coping resources factors that may 

modify those changes. Specifically, measurements of major 

life-stress, everyday problems, sense of coherence, trait 

anxiety, and coping skills will be used as predictor 

variables in regression equations for changes in peripheral 

vision, fine motor skill, general muscle tension, heart 

rate, and state anxiety from a non-stress baseline to a 

stress condition. The major hypothesis is that individuals 

who have profiles that tend toward high life-stress, many 

everyday problems, low sense of coherence, high trait 

anxiety, and few coping skills will, when placed in a 

stressful situation, exhibit greater peripheral vision 

narrowing, poorer fine motor skill, greater general muscle 

tension, and greater state anxiety changes during stress 

than those subjects with an opposite profile. 



Subjects 

CHAPTER 2 

METHODS 

The subjects were 74 right handed undergraduate 

students from either the athletic department or an 

Introduction to Psychology class at The University of 

Arizona. Participating in an experiment fulfilled a part 

of the requirements for the class, but was not mandatory. 

For the subject consent form, see Appendix A. 

ouestionnaires 

Each subject completed six questionnaires after 

reading and signing the standard consent form. The 

questionnaires were presented to the subjects in a random 

manner. 
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The measurement for major life events was the Life 

Experiences Survey (LES), a 60 item survey (50 original 

items with 10 additional items for students) developed by 

Sarason and his associates (Sarason et al., 1978). This 

instrument lists major life events (e.g., marriage, new 

job, death of a close friend) and asks the subjects to 

check off the event if it had occurred to them within the 

last year. Subjects also rated the event from extremely 

negative (-3), to no impact (0), to extremely positive 

(+3). Subjects received a total life events score, a total 

negative events score, and a total positive events score 

(each includes the number of life events checked. Also 
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calculated were the weighted scores (based on the weighting 

scheme of -3 to +3 mentioned above) for negative life 

events, positive life events, and total life events. See 

Appendix E. 

The Vulnerability to Stress subscale of the Stress 

Audit Questionnaire (Miller & smith} 1982) was used as a 

measure of coping resources (CR). This CR measure consists 

of 20 Likert scaled items, 7 of which deal with social 

support (e.g., I give and receive affection regularly), the 

other items concern general coping skills or resources 

(e.g., I take adequate quiet time for myself each day). 

The subject rates each item from one (almost always) to 

five (never). High scores on this measure of CR indicate 

poor coping resources. See Appendix C. 

The instrument selected to measure minor chronic 

hassles or problems was the Burks and Martin (1985) 

Everyday Problems Scale (EPS). This measure was chosen 

over the original Daily Hassles Scale because of brevity, 

good predictability, and design for college stUdents. It 

consists of 34 items covering a range of common everyday 

problems that face college students (e.g., financial 

problems concerning school). Subjects were instructed to 

check off any of the problems that have occurred to them in 

the last three months. See Appendix G. 

Measurement of state and trait anxiety was assessed 

with the Spielberger, et ale (1970) State-Trait Anxiety 
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Inventory (STAI), Form X-I (20 items) for state anxiety and 

Form X-2 (20 items) for trait anxiety. Form X-I of the 

inventory was administered twice (see below). Form X-I 

consists of self statements concerning how one feels at the 

very moment one is completing the questionnaire (e.g., I 

feel at ease; I am jittery). Subjects were asked to rate 

each statement from one to four, which corresponded to the 

judgments "not at all", "somewhat", "moderately so", and 

"very much so" respectively. Form X-2 consists of self 

statements concerning how one feels in general (e.g., I 

tire quickly; I am a steady person). Subjects were asked 

to rate each statement from one to four, which corresponded 

to the judgments "almost never", "sometimes", "often", and 

"almost always" respectively. See Appendix F. 

The sense of coherence was measured by the orientation 

to Life Questionnaire (Antonovsky, 1985). Subjects read 

statements regarding different aspects of their lives and 

rated them on a one to seven scale. The one and the seven 

were anchored by extremes. For example, item 8 states 

'Life is:' followed by (1) full of interest, the numbers 2 

to 6, and (7) completely routine. Please see Appendix B 

for the specific questions and anchors. This scale has 

three subscales titled manageability, controllability, and 

comprehension. Please see the Sense of Coherence section 

of Chapter 1 for a description of these constructs. 

Subjects received a score for each subscale and a composite 
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score composed of the sum of the three subscales. See 

Appendix B. 

A validity scale was added to test for the effects of 

response bias. In order to control for defensiveness and 

attempts to "look good", the short form of the Social 

Desirability Scale was included (Reynolds, 1982). This 

test is composed of 13 statements similar to those on the L 

scale of the Minnesota Multiphasic Personality Inventory 

(e.g., I sometimes try to get even rather than forgive and 

forget). High scores on this test could indicate a 

defensive posture and a desire to present oneself in a 

favorable or socially acceptable light. See Appendix D. 

Apparatus 

The equipment used to measure peripheral vision was a 

Topcon Goldman Perimeter, model SPB-11. This is a 

sophisticated ophthalmological device that can accurately 

measure limits of peripheral vision. Goldman perimeters 

have been described by Goldman himself (Goldman, 1976) as: 

A spherical projection perimeter with a recording 
device. A nitra lamp illuminates a circumscribed 
peripheral area above and inside the bowl which is of 
300 rom radius and painted matte white. The lamp is 
shaded from the rest of the hemisphere by a hood. A 
portion of the light is sent by a condenser through a 
hollow lever arm containing the projection system for 
the perimeter target. By this means slight variations 
in the brightness of the lamp affect background and 
target luminosity equally. The movement of the 
projection arm is produced by a pantograph controlled 
by a handle which slides on a vertical plate of opal 
glass illuminated from behind on the back of the 
perimeter. This plate carries the recording chart. 
Each position of the handle corresponds exactly with 
the position of the spot of light on the hemisphere. 
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By slow movement of the handle across the surface of 
the chart the visual fields may be examined for 95 
degrees on each side of fixation. A telescope through 
the back of the hemisphere allows for constant 
observation and control of the patient's eye and in it 
is a light, variable sized fixation point. A slide 
allows the target to vanish and reappear noiselessly. 
The projected targets are ellipses of varying sizes 
from 1/16 mm2 to 64 mm2 and are easily changed by 
stops. A series of filters permits geometric 
reduction in the luminosity of the targets from 100 
millilamberts to 3.16 millilamberts. The basic 
luminosity of the target has been fixed at 33 times 
that of the background. (pp. 15-16) 

The hand steadiness apparatus consisted of a metal 

aluminum ring mounted on a projecting block of wood just 

below the fixation on the Goldman perimeter. The internal 

diameter of the ring was 6 rom. The wand was composed of an 

insulated copper coil with a stainless steel tip attached. 

The diameter of tip to be inserted in the ring was 3 mm. 

The wand was bent in such a manner that when it was 

inserted in the ring at a 90 degree angle the arm and hand 

had to be held free of any support. The grip point on the 

wand was 18 inches from the tip. 

The wand and ring were connected electrically to a 

small speaker. When the wand and the ring were in contact, 

the speaker would sound a tone. The speaker was housed in 

a timing box that was connected to a Lafayette 

Clock/Counter model 54519-A. The timing box, when turned 

on would close the wand/ring circuit to the clock so that 

whenever the wand was in contact with the ring, the time of 

contact was cumulatively recorded. The timing box was 

preset for trials of 90 seconds. 
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The tape recorder was a Sony Cassette-corder model 

TCM-747. The headphones were a modified Arista, model 301. 

The modification allowed presentation of the wand/ring tone 

to the right ear and the loud distraction tape (Mahoney 

1982) to the left ear. The distraction tape had varying 

degrees of loudness, with voices and music, but at no time 

did the sound exceed 70 dbs. 

The Biocomp 2001 computerized biofeedback system is 

composed of a sensor module with four separate channels. 

In the present study channels one to four monitored EMG for 

right anterior tibialis, EMG for right trapezius, EMG for 

left extensor carpi ulnaris, and heart rate respectively. 

The sensor module gathers information from the four 

channels and sends it in the form of electricity to a 

telemeter module. The telemeter then turns the information 

into an infra-red beam. The light is picked up by an 

identical telemeter unit and converted back into 

electricity and sent through the Biocomp computer card to 

an Apple lIe computer. 

Using the Biocomp software (Toomin, 1987) the Apple 

lIe can be set up to average channel information for any 

length of time with up to 36 consecutive measurements. 

Heart rate is measured in beats per minute and EMG is 

recorded in microvolts in the 80 to 200 Hz frequency band. 

The data are stored on the Biocomp software floppy disk. 

The data were averages for each 20 second interval, and a 
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mean and standard deviation for all the intervals combined. 

Procedures 

The subject read the consent form which explained the 

procedures of the experiment and signed it (see Appendix 

A). The subject was then given the instructions for the 

paper and pencil questionnaires (i.e., Life Events Survey, 

Everyday Problems Scale, Social Desirability Scale, 

orientation to Life Questionnaire, Vulnerability to Stress 

Scale, State-Trait Anxiety Inventory). The subjects were 

then left alone in a room to complete the questionnaires. 

All subjects wore shorts and, if necessary, they changed 

into a shirt that had a cutaway over the right shoulder to 

permit unimpeded access to the right trapezius muscle. 

After completion of the questionnaires subjects were then 

seated in front of the perimeter. The chair was adjusted 

so that the angle between the foot planted flat on the 

floor and the lower leg was 85 degrees. The angle between 

the lower and upper leg was 95 degrees (knee as vertex). 

The "right foot was strapped onto the base of the perimeter 

to prevent any repositioning of the lower leg. The stand 

and chin rest of the perimeter were adjusted for each 

subject so that when sitting upright, and bending slightly 

forward at the waist, the chin comfortably fit into the 

chin rest without stretching the neck or hunching the 

shoulders. Final adjustments were made so that the eyes 

were at the level of 0 degrees latitude in the perimeter. 
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The subject then moved out of the perimeter and 

electrodes were placed on the three muscles after scrubbing 

the skin with an alcohol wipe. Activity in tibialis was 

monitored because it was a muscle not involved in any of 

the performance tasks. Increases in activity in this 

muscle under demanding situations might indicate an 

increase in the body's general muscle tension. Increases 

in trapezius activity (beyond that necessary to maintain 

posture) might also indicate an overall increase in general 

muscle tension. Extensor carpi ulnaris was chosen because 

it is directly involved in the hand steadiness task and 

increases in the activity of this muscle during stress (the 

dual task of hand steadiness and peripheral vision 

detection with noise distraction) might be correlated with 

decrements in the hand steadiness task. 

The two active electrodes for tibialis and extensor 

carpi were placed over the belly of the muscles along the 

longitudinal axis four cm apart. Electrodes for trapezius 

were placed five cm below the shoulder ridge of the muscle 

along the longitudinal axis of the muscle fibers 

approximately two-thirds the way toward the spine from the 

shoulder. The heart rate monitor was attached to the right 

index finger by means of a velcro strip across the 

fingernail. 

In the present study, the program for the computer was 

to average the EMG and heart rate information every 20 



seconds for 3, 4, or 5 consecutive 20 second intervals 

depending on the task being performed. The data were 

averages for each 20 second interval, and a mean and 

standard deviation for all the intervals combined 
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The subjects were then instructed to relax in the 

chair and the room was darkened except for the light of the 

perimeter. The subject sat quietly for one minute and then 

a baseline reading was then of the four channels for 60 

seconds (three 20 second intervals). The only measure of 

real interest for this recording was heart rate. 

The subjects were then instructed in the operation of 

the perimeter. The subjects were to fixate on the aluminum 

hand steadiness ring, holding the perimeter buzzer in the 

right hand with the index finger (heart rate monitor site) 

extended to prevent any interference. The right thumb was 

used to press the buzzer. Practice target lights were 

presented in the four different quadrants of the perimeter 

(i.e., upper right, lower right, upper left, lower left) at 

15 degrees above and below the point of focus. The target 

lights were moved at 2 degrees and 15 degrees per second in 

all quadrants. Almost all kinetic perimetry studies are 

conducted with slow moving targets in order to insure that 

reaction time plays a minimal role in determining 

peripheral vision. See Harrington (1976) for a thorough 

explanation of perimetry techniques. The faster speed of 

15 degrees was tested because in reality very few cues come 



into sight at 2 degrees per second. The faster speed was 

presented to test for detection of, and response, to cues 

that might represent a condition less artificial than the 

presentation of targets at 2 degrees per second. 
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Subjects received eight practice trials of the slow 

target and eight practice trials of the fast target (two 

trials of each in each quadrant). Under all conditions, 

peripheral vision for the slow targets was measured first. 

To control for errors in perception the subjects were 

always required to verbally report the quadrant in which 

the target was seen. 

For a baseline measure of peripheral vision four 

measures were taken randomly for each subject in each 

quadrant for each of the two different speeds. So there 

were 16 measures for the slow target and 16 measures for 

the fast target. 

The subjects were then instructed in the hand 

steadiness task (the left hand attempting to hold the wand 

within the ring at a 90 degree angle and not touch the 

sides of the ring). The speaker in the timing box informed 

the subjects when they were touching the side of the ring. 

The hand steadiness task was practiced for one minute. 

In order to determine a baseline muscle activity and 

heart rate for the positioning of tbe hand steadiness task 

subjects were instructed to hold the position of chin in 

chin rest, buzzer in right hand, index finger extended, 
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left hand holding the wand at 90 degrees to the ring but 

not actually doing the task. A 60 second reading (three 20 

second intervals) was then recorded for the three EMGs and 

heart rate. After resting two minutes the subject 

performed the hand steadiness task for 90 seconds. Time in 

which the wand was in contact with the ring was recorded by 

the clock/counter. EMGs and heart rate were recorded for 

80 seconds (four 20 second intervals) during this period. 

Under the first stress condition, the subject's head 

was strapped into the perimeter and the subject was 

required to perform both the peripheral vision and hand 

steadiness tasks simultaneously. The only instructions 

given to the subjects were that they had to perform both 

tasks at once and to do their best. As in the baseline 

peripheral vision task, subjects verbally reported the 

quadrant of each target. The subjects wore headphones. In 

the left ear, the Mahoney distraction tape was played 

(loudness did not exceed 70 dbs.). In the right ear, the 

error tone of the hand steadiness task was presented. The 

target lights were presented 15 degrees above and below a 

degree latitude moving at 2 degrees per second from the 

periphery toward the point of focus. Four measures were 

taken in each quadrant. EMGs and heart rate were recorded 

for 100 seconds (five 20 second intervals). 

In the second stress condition the only change was 

that the target lights moved at 15 degrees per second. 



There was a minute pause between the first and second 

stress conditions to allow for some rest and to reset the 

equipment. 
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Immediately after the two stress conditions, the 

subjects completed the state portion of the STAI. The 

subjects were then asked to rate their feelings during the 

stress conditions (from anxious/stressed to positively 

challenged; see Appendix H). They were also asked to rate 

the division of their attention to the two tasks. See 

Appendix H. These last measures completed the experiment 

and the subjects were debriefed. 

Data Analysis 

The data were to be analyzed in steps. The first step 

was to calculate means for each of the visual field 

quadrants for each of the two different target speeds. A 

mean was calculated on three of the four measures in each 

quadrant. The most deviant measure in each quadrant for 

each speed was eliminated. The appropriate left and right 

visual fields were than added to each other to produce 

eight measures, four for each visual field (i.e., baseline 

peripheral vision for fast and slow targets, stress 

peripheral vision for fast and slow targets). 

The second step was to perform one-way repeated 

measures ANOVAS on the dependent variables of hand 

steadiness (three levels; baseline, stress with slow 

target, stress with fast target); EMG for each of the three 
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muscles (four levels; position baseline, during hand 

steadiness baseline, stress with slow targets, stress with 

fast targets); and heart rate (five levels; resting 

baseline, position baseline, durin~ hand steadiness 

baseline, stress with slow targets, stress with fast 

targets). Analysis of the resting baseline of muscle 

activity was not undertaken because the baseline of 

interest for muscle activity was the position baseline. 

There would obviously be a significant change in muscle 

activity from resting to task position (raising the arm, 

sitting up straighter) but this change is not of interest. 

In the next step, paired t-test were performed on the . 
dependent variables of peripheral vision and state anxiety. 

T-tests were performed on the peripheral vision data 

because of a desire to keep upper and lower visual fields 

separate. There is ample evidence for significant 

differences in size and acuity of the two fields (e.g., 

Harrington, 1976). For each field separately the baseline 

slow target visual field was compared to the stress slow 

target visual field. The same thing was done for the fast 

target visual fields. For state anxiety, a paired t-test 

compared baseline state anxiety to stress condition state 

anxiety. 

The significant change variables fro~ the above 

analyses were then used as dependent variables in multiple 

regression equations with the paper and pencil tests (not 
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state anxiety) as predictor variables. In order to reduce 

the number of predictor variables, a correlation matrix was 

constructed for the significant change data by the six 

scores for the LES to determine which score would be the 

better predictor. Both the number of life events checked 

and the weighted score for negative life events appeared to 

be fair predictors. Since the weighted score is used more 

often in research it was chosen as the variable to 

represent life events in the regression. Correlations were 

also found for the three subscales of the OLQ. These three 

scales were found to be substantially correlated with each 

other (Pearson rs from .46 to .67) so only the total score 

was entered into the regression equation. The final 

variables used to predict the significant change scores 

were orientation to life, trait anxiety, social 

desirability, vulnerability to stress, everyday problems, 

weighted negative life events, the stressed/challenged 

rating for the dual task, and the attention division rating 

for" the dual task. 



CHAPTER 3 

RESULTS 

Table 1 gives the means and standard deviations for 

the paper and pencil tests, hand steadiness, 

physiological, and peripheral vision measures. 

TABLE 1 

QUESTIONNAIRES 

Life events survey 
Negative (#) 
positive (#) 
Total (#) 
Weighted negative 
Weighted positive 
weighted total 

Orientation to life 
Comprehensi~ility 
Manageability 
Meaningfulness 
Total 

Vulnerability to stress 
Trait anxiety 
Social desirability 
Stress/challenged item 
Attention division item 

state anxiety (baseline) 
state anxiety (stress) 

HAND STEADINESS (HS) 
(error in seconds) 

Baseline 
Stress (slow target) 
Stress (fast target) 

MEAN 

4.6 
4.4 
9.0 
8.2 
8.9 

17.1 

48.0 
49.4 
43.8 

141.2 

41.8 
35.7 
5.6 
7.6 
6.5 

35.0 
41.5 

MEAN 
11.1 
16.9 
19.7 

SD 

3.5 
3.5 
5.6 
6.8 
7.2 

10.4 

9.0 
7.9 
5.9 

19.3 

8.5 
7.3 
3.4 
2.6 
1.7 

8.7 
9.0 

SD 
8.0 

12.2 
13.7 
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TABLE 1 - CONTINUED 

PHYSIOLOGICAL 
MEAN SO 

EMG (microvolts) 

Right anterior tibialis 
position baseline 16.7 14.4 
During baseline HS 21. 6 18.3 
Stress (slow target) 21.8 15.6 
Stress (fast target) 20.1 14.8 

Right trapezius 
position baseline 46.5 34.2 
During baseline HS 46.0 33.6 
Stress (slow target) 50.4 41.5 
Stress (fast target) 50.3 43.1 

Left extensor carpi ulnaris 
position baseline 43.7 15.1 
During baseline HS 50.6 22.6 
Stress (slow target) 52.0 22.2 
Stress (fast target) 48.3 20.4 

Heart rate (beats per minute) 

Resting baseline 74.4 13.4 
position baseline 75.2 11.1 
During baseline HS 74.3 14.5 
Stress (slow target) 81.5 11.0 
Stress (fast target 84.5 11.5 

PERIPHERAL VISION 
(in degrees) 

,Upper visual field 
Baseline (slow) 137.9 10.8 
Stress (slow) 136.6 11.5 
Baseline (fast) 117.0 15.5 
Stress (fast) 107.0 17.2 

Lower visual field 
Baseline (slow) 150.7 9.9 
Stress (slow) 149.1 10.8 
Baseline (fast) 132.5 13.7 
Stress (fast) 123.0 16.5 
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For all the ANOVAS, when the ~s were significant, a 

Tukey (a) post hoc test was performed to determine which 

conditions were significantly different from each other. 

The ANOVA for the hand steadiness task was significant, 

~(2, 146) = 46.13, £<.00001. The post-hoc test revealed 

that all three conditions were significantly different from 

each other (£<.01). 

The ANOVAs for anterior tibialis and extensor carpi 

ulnaris were both significant with ~(3, 219) = 5.79, £<.001 

and ~(3, 219) = 5.19, £<.002 respectively. For both these 

muscles the hand steadiness baseline and the dual task with 

slow targets conditions were significantly different from 

the position baseline condition, (£<.05), but those were 

the only differences. The stressful dual task with fast 

targets condition approached but did not meet the 

significance level (see Table 1.). The trapezius analysis 

did not yield a significant result, ~(3, 219) = 1.72, 

£<.20). 

The ANOVA for heart rate was performed with the first 

resting baseline measure included. Heart rate data were 

lost for three subjects because of a heart rate monitor 

malfunction so the analysis was conducted with 71 subjects. 

The ANOVA was significant ~(4, 280) = 24.07, £<.00001. 

Post-hoc tests revealed that heart rate for both the stress 

conditions was significantly different than from hand 

steadiness, position baseline, and resting baseline 



conditions. See Appendix J for all the ANOVA summary 

tables. 
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The preliminary analysis of the peripheral vision data 

was conducted with four t-tests. The tests compared the 

baseline measures in the upper and lower visual fields of 

fast and slow targets to the equivalent stress measures for 

each of these variables. The tests for the upper and lower 

visual field fast targets were both significant. The upper 

field ~-test produced a mean decrement in peripheral vision 

for the stress condition of 10.0 degrees, ~(73) = 10.83, 

R<.OOOl. The lower field ~-test produced a mean decrement 

in peripheral vision for the stress condition of 9.5 

degrees, ~(73) = 11.06, R<.OOOl. For the slow targets, 

only the lower visual field ~-test was significant, ~(73) 

2.44, R<.02. The mean decrement for the slow target during 

stress was only 1.6 degrees. Although the difference was 

statistically significant, the small mean change of 1.6 

degrees might be considered to have little, if any, 

practical significance. 

The ~-test for the state anxiety baseline and state 

anxiety just after the stress conditions was significant 

~(73) = 6.25, R<.OOl. Greater state anxiety was reported 

after the dual task stress conditions. 

For all of the significant conditions an appropriate 

baseline was subtracted for each subject (e.g., resting 

baseline heart rate was subtracted from both stress 



conditions heart rate; tibialis position baseline was 

subtracted from tibialis hand steadiness baseline and the 

dual task with slow targets) in order to produce a change 

score. The paper and pencil tests (except for the state 

anxiety questionnaires) were used in stepwise regression 

equations to predict the significant changes in hand 

steadiness, EMG, heart rate, peripheral vision, and state 

anxiety. The analyses mainly resulted in poor prediction 

equations (the maximum number of variables that 

significantly entered the equations at R.<05 was two). 

For the peripheral vision change from baseline to 

stress condition with the fast targets, the only variable 

that significantly entered the equation was negative life 

events, R = .24, R<.05. Higher levels of negative life 

stress were associated with greater decrements in 

peripheral vision during stress. 

For the state anxiety changes, two variables entered 

the equation. The assessment of the task as either 

stressful or challenging and everyday problems were 

associated with state anxiety changes, R = .38, R<.Ol. A 

tendency to feel that the task was stressful rather than 

challenging and lower everyday problems were associated 

with greater increases in state anxiety. 

Only one of the EMG regressions was ~ignificant. 

Greater increases in tibialis anterior EMG from position 

baseline to the stress condition with slow moving targets 
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was associated with lower coping resources and lower trait 

anxiety, R = .39, Q<.003. No equations for hand steadiness 

or heart rate changes were significant. See Appendix K for 

all of the multiple regression tables. 



CHAPTER 4 

DISCUSSION AND CONCLUSIONS 
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The major hypothesis of this study was that 

individuals with high life-stress, low coping resources, 

high trait anxiety, and low sense of coherence, when placed 

in a stressful situation would show greater deficits in 

peripheral vision and fine motor skills, more state 

anxiety, and increases physiological stress responses than 

individuals with the opposite profile. This hypothesis was 

only weakly supported with negative life events being a 

marginal predictor of peripheral vision narrowing. The 

only other regression equation that was significant was the 

one for changes in state anxiety. Unfortunately, this 

equation presents a problem for interpretation. That the 

rating of dual tasks as stressful would predict changes in 

state anxiety was expected. That fewer everyday problems 

are associated with greater state anxiety is exactly the 

opposite of what would be expected. The author cannot make 

any sense out of this equation. 

There may be several reasons for the weak results of 

the regression equations. The use of change scores as the 

predicted variables may be a weakness, but change over 

conditions was the focus of the study. Perhaps a re

analysis using just the individual condit~on scores may 

show a greater predictability for the paper and pencil 

measures. It was very surprising that changes in state 
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anxiety were not predicted by trait anxiety. This was due 

to the fact that while trait anxiety is correlated to both 

baseline and stress state anxiety (r = .34, R<.002 and 

r = .21, R<.04, respectively), orientation to life is more 

highly correlated to those measures (r = -.42, R<.001 and 

r = -.39, e<.001, respectively). orientation to life is 

also highly correlated to trait anxiety, r = -.75, R<.0001. 

This secondary look at the variables may help explain some 

of the unexpected results for the state anxiety data. High 

scores on orientation to life are significantly associated 

with low trait anxiety and low state anxiety for both 

baseline and stress conditions. Further study with the OLQ 

seems warranted. 

The poor results in trying to predict perceptual, 

motor, physiological, and emotional changes during stress 

are not all that surprising. Earlier mUltivariate studies 

in the stress and injury field have also shown minimal or 

no influence of life stress (e.g., Williams et al., 1986) 

or moderator variables on outcome measures (e.g., Passer & 

Seese, 1983) 1986). High negative life stress was only a 

fair predictor of peripheral vision changes, accounting for 

less than 6 percent of the variance. It may be that high 

life stress "sensitizes" one to stressful situations and in 

some way interferes with the execution of learned responses 

as Bramwell et ale (1975) have suggested. If this is so, 

the role of negative events in injury occurrence is 
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obvious. If one cannot respond quickly in a stressful and 

potentially harmful situation, the potential for injury 

increases. This may be what is occurring in the peripheral 

vision data (see below). 

Although the regression results were disappointing, 

the results of the ANOVAS and t-tests offer a more 

interesting picture of perceptual, physiological, and motor 

changes during stress. These results may help considerably 

to guide future research in stress-injury relationships. 

The hand steadiness results indicate that the stress 

conditions were effective in producing decrements in 

performance. In the dual task conditions the mean increase 

in contact time of the wand and ring from baseline was 5.8 

seconds for the slow moving targets and 8.6 seconds for the 

fast moving targets. Fatigue could be ruled out as a 

factor since the trials were only 90 seconds in length and 

there were rest periods between trials. The decrement in 

performance could be explained with a limited capacity of 

resources model. If the stress conditions (dual tasks with 

distracting noise) "use up" the resources in the system 

then one or both of the tasks may suffer. This appears to 

have occurred for the hand steadiness task during the dual 

task fast and slow moving target conditions. The dual task 

fast moving target condition produced hand steadiness 

scores that were significantly poorer than either baseline 

or slow target scores. This may indicate that the fast 
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target condition placed even greater demands on the system 

than the slow target condition. Fast targets may stress 

the system more through increases in frustration at seeing 

the target but not being able to react to it as fast as the 

baseline condition. The hand steadiness results 

demonstrate clearly how fine motor skills begin to suffer 

during demanding performance situations. 

The EMG results were rather disappointing and in one 

case, contradictory. Increases in tibialis activity from 

position baseline to the first stress condition was 

associated with low coping resources. subjects low in 

coping resources had greater EMG increases than subjects 

high in coping resources. This is congruent with the 

hypothesis that subjects with low coping resources would 

exhibit a more generalized muscle tension. That low trait 

anxiety also was associated with greater muscle tension is 

exactly the opposite of the expected relationship. This 

paradoxical result cannot be explained by the influence of 

social desirability since this variable loaded into the 

equation (albeit not significantly) in the same paradoxical 

fashion. (i.e., low social desirability associated with 

greater increases in EMG). 

That increases in muscle tension occurred from 

position baseline to hand steadiness task (for tibialis and 

extensor carpi) is not surprising given that the hand 

steadiness task alone may be somewhat stressful. In terms 
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of extensor carpi, you would expect a change from position 

baseline to hand steadiness task. It takes more muscle 

activity to perform the task than to just hold the 

position. Increases in stress during the dual task noise 

conditions were not any different than the increases from 

position baseline to the hand steadiness task alone. It 

may be that the stress conditions were not prolonged enough 

to produce an increase in EMG (there was less than 4 

minutes total stress time). other problems with the EMG 

data are the very large standard deviations. These large 

variabilities indicate that the data are quite skewed. The 

poor results of the EMG measures may also be due to the 

muscles chosen for recording. There is evidence that the 

same muscle group may not react similarly across subjects 

and thus not represent a general neuromuscular response 

(Fridlund, Cottam, & Fowler, 1982; Whatmore, Whatmore, & 

Fisher, 1981). Also, there have been several studies where 

EMG has not responded to stress conditions (e.g., McGowan, 

Robertson, & Epstein, 1985). We all know the feeling of 

getting "tense" in stressful situations (a crucial 

competition, driving L.A. freeways) but reproducing that 

phenomenon in the laboratory has been elusive. 

The heart rate results offer a clearer picture of 

physiological change during stress. The heart rate 

measures show a distinct rise for the stress conditions. 

It appears that the dual tasks with noise distraction did 
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have a physiological effect. 

The crucial measures in this study were peripheral 

vision changes during stress. It appears that the changes 

in peripheral vision are probably not due to a "true" 

peripheral deficit but rather to an increase in reaction 

time. It may be that under other more stressful conditions 

than were presented here, there is a "true" decrement in 

peripheral vision. In terms of injury and accidents, 

seeing something in the periphery and not being able to 

respond to it could have the same results as not detecting 

the cue at all. 

The very small change in peripheral vision during 

stress for slow moving targets indicates that there was a 

small, but statistically significant decrement, in 

peripheral vision during this specific stress manipulation. 

The combination of small peripheral changes with slow 

moving targets and large changes with fast targets suggests 

that the stress manipulation somehow interferes with the 

abiiity to respond to cues. This interference results in a 

longer reaction time and thus the apparent deficit in 

peripheral vision. 

Although it was not analyzed, it is interesting to 

note that if the data are looked at in terms of reaction 

time increases and speed of target, the data are completely 

consistent. For example, an increase in reaction time for 

the stress condition of 330 ms in both quadrants would lead 
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to an overall reaction time increase over baseline of 660 

seconds. In terms of the slow moving target this would 

represent a decrement of 1.3 degrees. In terms of the fast 

moving target, an overall increase of 660 ms would 

represent a decrement of 10 degrees. These degree changes 

are almost exactly the same as the mean differences for the 

slow and fast targets from baseline to stress conditions. 

This observation also provides evidence that the 

experimenter moved the targets consistently. 

The large effect for the fast targets is interesting 

in light of the fact that in many conditions (athletics, 

driving a car, riding a bicycle) cues move into the field 

of vision much more rapidly than 15 degrees a second. A 

response latency increase of 330 ms could be disastrous for 

a stimulus moving 90 miles per hour straight at you (e.g., 

jai alai, baseball) or a cue coming into the periphery at 

60 degrees a second (a defensive lineman's hand). Also the 

subjects in the present experiment had to respond to a 

peripheral cue with the simple motor task of depressing 

their thumb on a button. In "real world" conditions, the 

responses to a stimulus that are needed to avoid injury may 

be complex motor patterns. The actual time to respond to a 

vital cue during stress may be considerably longer in the 

outside world than what was found in the laboratory. 

Further corroboration that the stress conditions were 

effective comes from the state anxiety data. An overall 
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increase in state anxiety scores obtained after the stress 

manipulations supplies support for the assumption that the 

stress manipulation would indeed be stressful. 

Conclusions 

The major hypothesis of this dissertation was only 

marginally supported, with negative life events modestly 

predicting changes in peripheral vision during stress. The 

lack of positive results for the paper and pencil test 

predicting physiological, emotional, motor, and perceptual 

changes during stress may have been due to the manipulation 

of the data (i.e., calculating change scores and using them 

as the predicted variables in regression). Future studies 

may wish to look at responses in stress conditions alone 

and not changes between conditions. It must also be 

considered that several of the questionnaires may be of 

little value when it comes to predicting changes during 

stress. 

The more significant and robust effects of the stress 

manipulation provide confirmation of the stress response 

core of the model presented in Chapter 1. During stress 

there is a significant decrease in peripheral vision 

detection, a decrease in motor control as measured by the 

hand steadiness task, an increase in state anxiety, and an 

increase in heart rate. The deficits in peripheral vision 

and motor control could be seen as contributing antecedents 

to injury or accidents. Failure to respond to a cue in a 
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potentially dangerous situation, or responding to a cue, 

but doing so in an unco-ordinated manner could both easily 

lead to injury. General muscle tension may still be a 

factor despite the inconclusive results. It may be that 

the stress manipulation presented here was strong enough to 

produce some physiological change (increase in heart rate) 

but not strong enough to affect EMG significantly. 

Future research on stress and injury relationships may 

want to use stress response data rather than paper and 

pencil measures to predict who is more at risk of injury. 

It is very common in medicine to use stress response data 

to identify who is at risk of major cardiac problems. 

Longitudinal studies of high injury sports (e.g., 

football, women's gymnastics) using physiological and 

perceptual data may be more productive. Are subjects who 

show greater perceptual and physiological changes more 

likely to become injured? If the answer is "yes" then we 

have a means of identifying the injury prone individual. 

Identification then leads to the design of intervention 

programs as outlined in Chapter 1. This dissertation has 

been a small step toward helping reduce injury risk. The 

author hopes that the contributions made here will be 

helpful in this vital area of research. 
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APPENDIX A 

HUMAN SUBJECTS CONSENT FORM 

Visual Motor Tasks and Psychological factors 

Student Consent Form 

I am being invited to voluntarily participate in the 
above titled research project. The purpose of this project 
is to measure muscle activity, peripheral vision, and hand 
steadiness during a noise and no noise condition. Also the 
study concerns the use of paper and pencil measures of 
major life events, daily problems, coping resources and 
orientation to life. I have been invited to participate 
because I am a Psychology 101 student and participation in 
experiments fulfills a requirement of the class. The 
Psychology 101 requirement may be fulfilled without 
participating in experiments. I understand I have the 
choice of writing a short (3-5 pages) paper on some subject 
in psychology as a means of fulfilling the requirements of 
my course. If I agree to participate, I will be asked to 
agree to the following: 

1. To complete questionnaires concerning 
a. major life events 
b. coping resources 
c. daily problems 
d. orientation to life 
e. vulnerability to stress 
f. three self evaluation questionnaires 

2. Surface electrodes will be attached to my trapezius 
(shoulder), anterior tibialis (shin), and extensor 
carpi ulnaris (forearm) muscles. These electrodes 
record muscle activity. I understand that I am in no 
way whatsoever capable of receiving an electric 
shock from these electrodes. 

3. My peripheral vision will be measured under a noise 
and a no noise condition. This will be accomplished 
using an ophthalmological perimeter. My head will be 
strapped onto the perimeter. I will focus on a 
central dot. In a trial when I detect a light in the 
periphery I will signal by depressing a switch I will 
have in my hand. 

4. Also during the noise condition (an irritating but not 
painful or harmful noise) I will perform a hand 
steadiness task by keeping a stylus in the center of a 
ring. If I touch the edge of the ring with the stylus 
a tone will come on to warn me. This task will take 
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place inside the perimeter. 

5. Hand steadiness will also be measured during no noise 
and no peripheral vision testing. I understand that 
all subjects will do exactly the same thing as I am 
doing. 

I understand that my participation in this study may 
involve some risks. The major risk involved is that I will 
become irritated and "stressed out." If the irritation and 
the stress become too uncomfortable I may terminate the 
experiment. Also,if I wish, I may listen to some 
relaxation tapes to help calm me down. I understand that 
there are no personal benefits to be gained from my 
participation. The potential benefits to society will be a 
better understanding of visual and motor performance during 
demanding situations. I understand that all the data 
received will be treated with anonymity and 
confidentiality. I will be identified only by a number. 
Only Mark Andersen, Drs. Sechrest, Ittelson, Lansing, 
Williams, and Miller will have access to the data. 

The nature, demands, risks and benefits of the project 
have been explained to me. I understand that I may ask 
questions and that I am free to withdraw from the project 
at any time without incurring ill will or in any way 
affecting my university standing or my grade in this 
course. I also understand that this consent form will be 
filed in area designated by the Human Subjects committee 
with access restricted to the principal investigator or 
authorized representatives of the particular department. A 
copy of this consent form will be given to me. 

Subject's signature Date 

Name and phone number of a friend/relative: 

Name ____________________________________ _ Phone 

Investigator 



81 

APPENDIX B 

ORIENTATION TO LIFE OUESTIONNAIRE 

Here is a series of phrases or statements which are 
completed by anchors, located at the end points of a 
seven-point scale. Each of the anchors expresses one 
extreme or the other. In each case, make an 'X' over the 
number that best expresses how you feel. If the words 
under 1 are right for you, 'X, the 1: if those at the 
opposite extreme under 7 are right for you, 'X' the 7. If 
1 is too extreme, but your feeling is close to it, 'x, the 
2. And so on. 

1. When you talk to people, do you have the feeling that 
they don't understand you? 

never have 
this feeling 

1 2 3 4 5 

always have 
this feeling 

6 7 

2. In the past, when you had to do something which 
depended on cooperation with others, did you have the 
feeling that it: 

surely wouldn't 
get done 

1 2 3 4 5 6 

surely would 
get done 

7 

3. Think of the people with whom you come into contact 
daily, aside from the ones to whom you feel close. How 
well do you know most of them? 

you feel that 
they're strangers 

1 2 3 4 5 

you know them 
very well 

6 7 

4. How often do you have the feeling that you don't 
really care about what goes on around you? 

very seldom 
or never 

1 2 3 4 

very often 

5 6 7 



5. 

6. 

7. 

8. 

9. 

10. 

How often has it happened in the past that you were 
surprised by the behavior of people whom you thought 
you knew well? 

never happened always happened 

1 2 3 4 5 6 7 

Has it happened that people whom you counted on 
disappointed you? 

never happened always happened 

1 2 3 4 5 6 7 

Life is: 

full of interest completely routine 

1 2 3 4 5 6 7 

until now your life has had: 

no clear goals or 
purpose at all 

1 2 3 4 

How often do you have the 
treated unfairly? 

very seldom 
or never 

1 2 3 4 

In the past ten years your 

full of changes without 
your knowing what will 
happen next 

1 2 3 4 

very clear goals 
and purpose 

5 6 7 

feeling that you're being 

5 

life 

5 

very often 

6 7 

has been: 

completely con
sistent and clear 

6 7 

11. Most of the things you do in the future will probably 
be: 

completely fascinating deadly boring 

1 2 3 4 5 6 7 
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12. How often do you have the feeling that you are in an 
unfamiliar situation and don't know what to do? 

very seldom 
or never 

1 2 3 4 

very often 

5 6 7 

13. What best describes how you see life? 

one can always find a 
solution to painful 
things in life 

1 2 3 4 5 

there is no solution 
to painful things 

in life 

6 7 

14. When you think about your life, you very often: 

feel how good it is 
to be alive 

1 2 3 4 5 

ask yourself why you 
exist at all 

6 7 

15. When you face a difficult problem, the choice of a 
solution is: 

always confusing 
and hard to find 

1 2 3 4 5 

always completely 
clear 

6 7 

16. Doing the things you do every day is: 

a source of deep pleasure 
and satisfaction 

1 2 3 4 5 

a source of pain 
and boredom 

6 7 

17. Your life in the future will probably be: 

full of changes without 
your knowing what will 
happen 

1 2 3 4 5 

completely con
sistent and clear 

6 7 
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18. When something unpleasant happened in the past your 
tendency was: 

19. 

20. 

lito eat yourself up" 
about it 

1 2 3 4 5 

to say "ok, that's that 
I have to live 

with it" and go on 

6 7 

How often do 'you have mixed-up feelings and ideas? 

very often 

1 2 3 

When you do something 

it's certain that 
you'll go on 
feeling good 

1 2 3 

4 

4 

that 

very seldom 
or never 

5 6 7 

gives a good feeling: 

5 

it's {certain that 
something will happen 

to spoil that feeling 

6 7 

21. How often do you have feelings inside that are 
incompatible with each other 

very often 

1 2 3 4 5 6 

very seldom 
or never 

7 

22. You anticipate that your personal life in the future 
will be: 

totally without 
meaning or purpose 

1 2 3 4 5 6 

full of meaning 
and purpose 

7 

23. Do you think that there will be people whom you'll 
always be able to count on in the future? 

you're certain there 
will be 

1 2 3 4 5 

you doubt there 
will be 

6 7 
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24. How often do you have the feeling that you don't have a 
completely clear idea of what's about to happen? 

25. 

26. 

very often 

1 2 3 4 

Many people - even those 
sometimes feel like sad 

never 

1 2 3 4 

When something happened, 

you overestimated or 
underestimated its 
importance 

1 2 3 4 

5 6 

very seldom 
or never 

7 

with a strong character -
sacks in certain situations. 

5 

have 

5 

very often 

6 7 

you generally found that: 

you saw things in the 
right proportion 

6 7 

27. When you think of difficulties you are likely to face 
in important aspects of your life, do you have the 
feeling that: 

you will always succeed 
in overcoming 
the difficulties 

1 2 3 4 5 

you won't succeed 
in overcoming 

the difficulties 

6 7 

28. How often do you have the feeling that there's little 
meaning in the things you do in your daily life? 

very often 

1 2 3 4 5 6 

very seldom 
or never 

7 

29. How often do you have feelings that you're not sure you 
can keep under control? 

very often 

1 2 3 4 5 6 

very seldom 
or never 

7 
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APPENDIX C 

VULNERABILITY TO STRESS OUESTIONNAIRE 

The following are some factors which have been found to 
influence your ability to deal with stress. A common 
aspect of each item is "Be good to yourself". Circle a 
number from 1 (almost always) to 5 (never) according to how 
much of the time an item is true of you. 

1 2 3 

1 2 3 

1 2 3 

A 1 2 3 

L 
1 2 3 

M 

o 1 2 3 

S 1 2 3 

T 1 2 3 

1 2 3 

A 1 2 3 

L 1 2 3 

W 1 2 3 

A 1 2 3 

Y 
1 2 3 

S 

1 2 3 

1 2 3 

1 2 3 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 N 

4 5 E 

4 5 V 

4 5 E 

4 5 R 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

4 5 

1. I eat at least one hot 
balanced meal per day. 

2. I get 7-8 hours sleep at 
least 4 nights per week. 

3. I give and receive affection 
regularly. 

4. I have at least one relative 
within 50 miles on whom I can 
rely. 

5. I exercise to the point of 
perspiration at least twice 
per week. 

6. I smoke less than half a pack 
of cigarettes per day. 

7. I take fewer that 5 alcoholic 
drinks per week. 

8. I am the appropriate weight 
for my height. 

9. I have an income adequate to 
meet basic expenses. 

10. I get strength from my 
religious beliefs. 

11. I regularly attend club or 
social activities. 

12. I have a network of friends 
and acquaintances. 

13. I have one or more friends to 
confide in about personal 
matters. 

14. I am in good health 
(including eyesight, 
hearing, teeth). 

15. I am able to speak openly 
about my feelings when angry 
or worried. 

16. I have regular conversations 
with the people I live with 
about domestic problems, 
e.g., chores, money, and 
daily living issues. 

17. I do something fun at least 
once per week. 
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1 2 3 4 5 18. I am able to organize my time 
effectively. 

1 2 3 4 5 19. I drink less than 3 cups of 
coffee (or tea or cola 
drinks) per day. 

1 2 3 4 5 20. I take quiet time for myself 
during the day. 



APPENDIX D 

SOCIAL DESIRABILITY SCALE (SHORT FORM) 

INSTRUCTIONS: Read each of the items below and circle 
whether it applies to you (true) or not (false). 
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true false 1. It is sometimes hard for me to go on with 
my work if I am not encouraged. 

true false 2. I sometimes feel resentful when I don't 
get my way. 

true false 3. On a few occasions I have given up doing 
something because I thought too little of 
my ability. 

true false 4. There have been times when I felt like 
rebelling against people in authority even 
though I knew they were right. 

true false 5. No matter who I'm talking to, I'm always a 
good listener. 

true false 6. There have been occasions when I took 
advantage of someone. 

true false 7. I'm always willing to admit it when I make 
a mistake. 

true false 8. I sometimes try to get even rather than 
forgive and forget. 

true false 9. I am always courteous, even to people who 
are disagreeable. 

true false 10. I have never been irked when people 
expressed ideas very different from my 
own. 

true false 11. There have been times when I was quite 
jealous of the good fortune of others. 

true false 12. I am sometimes irritated by people who ask 
favors of me. 

true false 13. I have never deliberately said something 
that hurt someone's feelings. 
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APPENDIX E 

LIFE EXPERIENCES SURVEY 

Listed below are a number of events which sometimes bring 
about change in the lives of those who experience them and 
which necessitate social readjustment. Please check those 
events which you have experienced in the past year. Be 
sure that all check marks are directly across from the 
items they correspond to. Also for each item below, please 
indicate the extent to which you viewed the event as having 
either a positive or negative impact on your life at the 
time the event occurred. That is, indicate the type and 
extent of impact that the event had. A rating of -3 would 
indicate an extremely negative impact. A rating of 0 
suggests no impact either positive or negative. A rating 
of +3 would indicate an extremely positive impact. 

section 1 

1. Marriage -3 
2. Detention in jailor 

comparable institution -3 
3. Death of spouse -3 
4. Major change in 

sleeping habits (much 
more or much less sleep) -3 

5. Death of a close 
family member: 
a. mother -3 
b. father -3 
c. brother -3 
d. sister -3 
e. grandmother -3 
f. grandfather -3 
g. other (specify) -3 

6. Major change in eating 
habits (much more or 
much less food intake) -3 

7. Foreclosure on mortgage 
or loan -3 

8. Death of close friend -3 
9. outstanding personal 

achievement -3 
10. Minor violations of 

the law (traffic 
tickets, disturbing the 
peace, etc.) -3 

11. Male: wife/girlfriend's 
pregnancy -3 

12. Female: pregnancy -3 

-2 -1 

-2 -1 
-2 -1 

-2 -1 

-2 -1 
-2 -1 
-2 -1 
-2 -1 
-2 -1 
-2 -1 
-2 -1 

-2 -1 

-2 -1 
-2 -1 

-2 -1 

-2 -1 

-2 -1 
-2 -1 

o 

o 
o 

o 

o 
o 
o 
o 
o 
o 
o 

o 

o 
o 

o 

o 

o 
o 

+1 

+1 
+1 

+1 

+1 
+1 
+1 
+1 
+1 
+1 
+1 

+1 

+1 
+1 

+1 

+1 

+1 
+1 

+2 

+2 
+2 

+2 

+2 
+2 
+2 
+2 
+2 
+2 
+2 

+2 

+2 
+2 

+2 

+2 

+2 
+2 

+3 

+3 
+3 

+3 

+3 
+3 
+3 
+3 
+3 
+3 
+3 

+3 

+3 
+3 

+3 

+3 

+3 
+3 
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13. Changed work situation 
(different work 
responsibility, major 
change in working 
conditions, working 
hours, etc. ) -3 -2 -1 0 +1 +2 +3 

14. New job -3 -2 -1 0 +1 +2 +3 
15. Serious illness or 

injury of close family 
member: 
a. father -3 -2 -1 0 +1 +2 +3 
b. mother -3 -2 -1 0 +1 +2 +3 
c. sister -3 -2 -1 0 +1 +2 +3 
d. brother -3 -2 -1 0 +1 +2 +3 
e. grandfather -3 -2 -1 0 +1 +2 +3 
f. grandmother -3 -2 -1 0 . +1 +2 +3 
g. spouse -3 -2 -1 0 +1 +2 +3 
h. other (specify) -3 -2 -1 0 +1 +2 +3 

16. Sexual difficulties -3 -2 -1 0 +1 +2 +3 
17. Trouble with employer 

(in danger of losing job, 
being suspended, 
demoted, etc. ) -3 -2 -1 0 +1 +2 +3 

18. Trouble with in-laws -3 -2 -1 0 +1 +2 +3 
19. Major change in 

financial status (a lot 
better or a lot 
worse off) -3 -2 -1 0 +1 +2 +3 

20. Major change in 
closeness of family 
members (increased or 
decreased closeness) -3 -2 -1 0 +1 +2 +3 

21- Gaining a new family 
member (through birth, 
adoption, family member 
moving in, etc. ) -3 -2 -1 0 +1 +2 +3 

22. Change in residence -3 -2 -1 0 +1 +2 +3 
23. Marital separation from 

mate (due to conflict) -3 -2 -1 0 +1 +2 +3 
24. Major change in church 

activities (increased or 
decreased attendance) -3 -2 -1 0 +1 +2 +3 

25. Marital reconciliation 
with mate -3 -2 -1 0 +1 +2 +3 

26. Major change in number 
of arguments with spouse 
(a lot more or a lot 
less arguments) -3 -2 -1 0 +1 +2 +3 
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27. Married male: Change in 
wife's work outside home 
(beginning work, ceasing 
work, changing to a new 
job, etc. ) -3 -2 -1 0 +1 +2 +3 

28. Married female: Change 
in husband's work (loss 
of job, beginning new 
job, retirement, etc.) -3 -2 -1 0 +1 +2 +3 

29. Major change in usual 
type and/or amount of 
recreation -3 -2 -1 0 +1 +2 +3 

30. Borrowing more than 
$10,000 (buying home, 
business, etc.) -3 -2 -1 0 +1 +2 +3 

31. Borrowing less than 
$10,000 (buying car, TV, 
getting school 
loan, etc, ) -3 -2 -1 0 +1 +2 +3 

32. Being fired from job -3 -2 -1 0 +1 +2 +3 
33. Male: wife/girlfriend 

having abortion -3 -2 -1 0 +1 +2 +3 
34. Female: Having abortion -3 -2 -1 0 +1 +2 +3 
35. Major personal illness 

or injury -3 -2 -1 0 +1 +2 +3 
36. Major change in social 

activities, e.g. , parties, 
movies, visiting 
(increased or decreased 
participation) -3 -2 -1 0 +1 +2 +3 

37. Major change in living 
conditions of family 
(building new home, 
remodeling, deterioration 
of home, neighborhood, 

. etc.) -3 -2 -1 0 +1 +2 +3 
38. Divorce -3 -2 -1 0 +1 +2 +3 
39. Serious illness or 

illness of close friend -3 -2 -1 0 +1 +2 +3 
40. Retirement from work -3 -2 -1 0 +1 +2 +3 
41. Son or daughter leaving 

home -3 -2 -1 0 +1 +2 +3 
42. Ending of formal 

schooling -3 -2 -1 0 +1 +2 +3 
43. separation from spouse 

(due to work, travel, 
etc. ) -3 -2 -1 0 +1 +2 +3 

44. Engagement -3 -2 -1 0 +1 +2 +3 
45. Breaking up with 

boyfriend/girlfriend -3 -2 -1 0 +1 +2 +3 
46. Leaving home for the 

first time -3 -2 -1 0 +1 +2 +3 
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47. Reconciliation with 
boyfriend/girlfriend -3 -2 -1 0 +1 +2 +3 

Other recent experiences 
which have had an impact 
on your life. List and rate 

48. -3 -2 -1 0 +1 +2 +3 
49. -3 -2 -1 0 +1 +2 +3 
50. -3 -2 -1 0 +1 +2 +3 

section 2: Student only 

51. Beginning a new school 
experience at a higher 
academic level (college, 
graduate school, 
professional school, 
etc. ) -3 -2 -1 0 +1 +2 +3 

52. Changing to a new school 
at same academic level 
(undergraduate, 
graduate, etc. ) -3 -2 -1 0 +1 +2 +3 

53. Academic probation -3 -2 -1 0 +1 +2 +3 
54. Being dismissed from 

dormitory or other 
residence -3 -2 -1 0 +1 +2 +3 

55. Failing an important 
exam -3 -2 -1 0 +1 +2 +3 

56. Changing a major -3 -2 -1 0 +1 +2 +3 
57. Failing a course -3 -2 -1 0 +1 +2 +3 
58. Dropping a course -3 -2 -1 0 +1 +2 +3 
59. Joining a fraternity/ 

sorority -3 -2 -1 0 +1 +2 +3 
60. Financial problems 

concerning school (in 
danger of not having 
sufficient money to 
continue) -3 -2 -1 0 +1 +2 +3 



APPENDIX F 

SELF-EVALUATION OUESTIONNAIRE (FORMS X-I. X-2) 

Reproduced by special permission of the Publisher, 
Consulting Psychologists Press, Inc., Palo Alto CA 94306, 
from The State Trait Anxiety Inventory by Charles 
spielberger and Assoc., 1977. Further reproduction is 
prohibited without the Publisher's consent. 
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STAI FORM X-I DIRECTIONS: A number of statements which 
people have used to describe themselves are given below. 
Read each statement and then check the appropriate number 
to the right of the statement to indicate how you feel 
right now, that is, at this moment. There are no right or 
wrong answers. Do not spend too much time on anyone 
statement but give the answer which seems to describe your 
present feelings best. 

M 
0 V 
D E 

N E R 
0 R Y 
T S A 

0 T M 
A M E U 
T E L C 

W Y H 
A H 
L A S S 
L T 0 0 

1. I feel calm ........................ 1 2 3 4 
2. I feel secure ...................... 1 2 3 4 
3. I am tense .•••••.•••.••••••••.••••• 1 2 3 4 
4. l am regretful ••.•••••••••••••••••• 1 2 3 4 
5. I feel at ease .•......•..••••••• 0 •• 1 2 3 4 
6. I feel upset ....................... 1 2 3 4 
7. I am presently worrying over 

possible misfortunes ••••••••••••••• 1 2 3 4 
8. I feel rested ••••••••••••••••.••••• 1 2 3 4 
9. I feel anxious ..................... 1 2 3 4 
10. I feel comfortable ..•••••••••••.•• 1 2 3 4 
II. I feel self-confident •••••••••••.• 1 2 3 4 
12. I feel nervous .................... 1 2 3 4 
13. I am jittery •••••••••••.•..••••••• 1 2 3 4 
14. I feel "high strung" •••••••••.••.• 1 2 3 4 
15. I am relaxed ...................... 1 2 3 4 
16. I feel content .................... 1 2 3 4 
17. I am worried ...................... 1 2 3 4 
18. I feel over-excited and "rattled". 1 2 3 4 
19. I feel joyful •••••••••••.••••••••• 1 2 3 4 



20. I feel pleasant .•••••••••••••••••• 1 2 3 

STAI FORM X-2 DIRECTIONS: A number of statements which 
people have used to describe themselves are given below. 
Read each statement and then check the appropriate number 
to the right of the statement to indicate how you 
generally feel. There are no right or wrong answers. Do 
not spend too much time on any statement but give the 
answer which seems to describe how you generally feel. 

A 
L 
M 
o 
S 
T 

N 
E 
V 
E 
R 

21. I feel pleasant .•••••••••••••••••• 1 
22. I tire quickly.................... 1 
23. I feel like crying................ 1 
24. I wish I could be as happy as 

others seem to be •••••••••••••••.• 1 
25. I am losing out on things because 

I can't make up my mind soon 
enough. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

26. I feel rested..................... 1 
27. I am calm, cool, and •••••••••••••• 1 
28. I feel that difficulties are 

piling up so that I cannot overcome 
them. • • • • • • • • • • . • • • • • • • • • • • • • • • • • • 1 

29. I worry too much over something 
that really doesn't matter •••••••• 1 

30 • I am happy........................ 1 
31. I am inclined to take things hard. 1 
32. I lack self-confidence .••••••••••• 1 
33. I feel secure ...••................ 1 
34. I try to avoid facing a crisis 

or difficulty ••••••••••••••••••••• 1 
35. I feel blue •••••••••••••••••.••••• 1 
36. I am content...................... 1 
37. Some unimportant thought runs 

through my mind and bothers me ••.• l' 
38. I. take disappointments so keenly 

that I can't put them out of my 
mind. • • • • • • • . • • . • • • • • • • • • • • • • . • • . • 1 

39. I am a steady..................... 1 

S 
o 
M 
E 
T 
I 
M 
E 
S 

2 
2 
2 

2 

2 
2 
2 

2 

2 
2 
2 
2 
2 

2 
2 
2 

2 

2 
2 

o 
F 
T 
E 
N 

3 
3 
3 

3 

3 
3 
3 

3 

3 
3 
3 
3 
3 

3 
3 
3 

3 

3 
3 
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4 

A 
L 
M 
o 
S 
T 

A 
L 
W 
A 
Y 
S 

4 
4 
4 

4 

4 
4 
4 

4 

4 
4 
4 
4 
4 

4 
4 
4 

4 

4 
4 



40. I get in a state of tension or 
turmoil as I think over my recent 
concerns and interests •••••••••••• 1 2 3 

95 

4 
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APPENDIX G 

EVERYDAY PROBLEMS SCALE 

DIRECTIONS: If any of the events listed below have occurred 
to you in the past three months, please circle that item. 

1. Too much schoolwork 
2. Doing worse in school than you expected 
3. Had problems with a professor 
4. Decisions about course selection, major, or career plans 
5. Needed work but unable to find a job 
6. Trouble getting along with employer 
7. Trouble getting along with co-workers 
8. The work required by your job was boring or unpleasant 
9. Had to work long or hard at your job 
10. Financial problems concerning school (in danger of not 

having enough money to continue) 
11. Other financial problems 
12. Parents having financial difficulties 
13. Parents having marital problems 
14. Serious illness or injury of a close family member 
15. Other less serious health problems of a close family 

member 
16. Emotional problems of a close family member 
17. Trouble getting along with your parents. 
18. Trouble getting along with other close family member 
19. Difficulties or estrangement between family members 

(other than self) 
20. Being away from home or not getting to go home when 

you'd like 
21. Family having housing problems (house or neighborhood 

less than adequate) 
22. Dissatisfaction with your own housing (not enough 

space, bad location, poorly kept up, etc.) 
23. Difficulties getting along with roommate(s) 
24. Being bothered by your neighbors 
25. Marital difficulties, without separation 
26. Difficulty finding the romantic relationship you want 
27. Problems getting along with your boyfriend/girlfriend 
28. Trouble getting along with in-laws or 

boyfriend's/girlfriend's family 
29. Concern over possible pregnancy of self or partner 
30. Carrying on a long-distance romantic relationship 
31. Meeting people with different lifestyles, views, or 

backgrounds 
32. Responsibilities in a living group or campus 

organization have been overly demanding 
33. Disagreements or misunderstanding with a friend 
34. Serious illness or injury of a close friend 



97 

APPENDIX H 

DUAL TASK RATINGS 

Please rate how you felt during the combined peripheral 
vision and hand steadiness tasks on the scale below 

ANXIOUS/ 
STRESSED 

1 2 3 

NEUTRAL 

4 5 6 7 8 9 

POSITIVELY 
CHALLENGED 

10 11 

Please rate how your attention was divided between the hand 
steadiness task and the peripheral V1S10n task when you 
were performing them simultaneously 

PRIMARILY 
HAND 
STEADINESS 

1 2 3 4 5 

BOTH 
EQUALLY 

6 7 8 9 10 

PRIMARILY 
PERIPHERAL 

VISION 

11 
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APPENDIX I 

DISSERTATION RAW DATA 

For each of the 74 subjects numbered on the far 
left side of the page the following data points represent 
scores for baseline upper field peripheral vision for fast 
targets, slow targets,. lower field fast targets, slow 
targets, stress upper field peripheral vision for fast 
targets, slow targets, lower field fast targets, slow 
targets, comprehensibility, manageability, meaningfulness, 
state anxiety baseline, state anxiety stress, trait 
anxiety, social desirability, vulnerability to stress, 
everyday problems, number of life events scored neutral, 
positive, negative, total number, weighted positive life 
events, weighted negative life events, total weighted 
events, hand steadiness baseline, hand steadiness stress 
with slow targets, hand steadiness stress with fast 
targets, stress/challenge rating, attentional division 
rating, EMG baselines for tibialis, trapezius, extensor 
carpi, heart rate, EMG position baselines for the three 
muscles and heart rate, EMG during hand steadiness for the 
three muscles and heart rate, EMG during stress with slow 
targets for the three muscles and heart rate, EMG during 
stress with fast targets and heart rate. 

1 966 1124 1070 1248 946 1148 941 1148 71 53 49 
26 30 28 3 36 6 2 3 5 10 6 10 16 276 305 355 7 4 
330 265 107 10102 560 5806 5319 10212 831 
6033 5875 10128 1625 7548 5511 9939 999 6727 
5557 8656 

2 1037 1395 1264 1556 975 1382 1300 1546 52 55 48 
28 28 35 1 33 9 0 4 5 9 10 12 22 60 113 97 8 6 
744 1472 327 6477 1506 3126 2348 6747 1332 
2992 4812 7144 1143 1791 4634 7316 1089 1850 
4326 7781 

3 1359 1622 1400 1608 1206 1548 1109 1651 48 42 41 
35 37 34 10 37 5 1 0 7 8 o 13 13 190 342 549 8 8 
8068 946 634 7092 1169 6738 6618 6773 7127 
7472 12071 7626 1441 4937 13095 8497 1349 
5211 10937 8089 

4 1095 1440 1496 1651 1018 1420 1268 1551 50 43 42 
54 48 37 7 34 7 1 2 6 9 2 13 15 156 273 307 9 7 
1534 500 819 6965 2282 2329 3545 8367 4983 
2450 5596 8640 2478 3863 6367 8857 2123 
3681 4330 9870 

5 1175 1391 1237 1464 1051 1402 1209 1458 49 52 46 
33 43 35 8 37 3 0 0 0 0 0 0 o 143 109 216 10 9 
515 736 1652 7200 1774 4340 4554 7100 1084 
4073 4218 7400 552 3991 3130 8000 327 3781 
3622 8000 
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6 1326 1508 1491 1597 1371 1432 1386 1548 47 60 52 
22 28 23 8 41 7 0 7 2 9 12 2 14 130 160 193 4 7 
291 420 423 6800 2083 5172 5467 7400 6280 
6965 6366 8200 6731 7118 5400 8400 5352 7327 
5648 8400 

7 1086 1265 1387 1499 1055 1291 1347 1538 68 59 49 
30 29 25 7 32 4 0 2 0 2 6 0 6 353 359 414 8 5 
470 1200 538 7600 2130 5116 3066 7400 2078 
4840 4770 7200 1156 4482 2068 8400 1232 4257 
3084 8400 

8 1201 1316 1528 1637 1149 1380 1499 1644 59 57 46 
39 36 27 1 34 12 1 10 2 13 18 3 21 9 5 16 9 7 
312 315 463 6400 253 3747 5888 6800 488 
3030 7210 7600 2223 4136 7865 8600 1816 3752 
7660 8200 

9 1261 1316 1389 1491 1127 1217 1333 1453 24 30 31 
50 48 51 3 50 8 0 2 14 16 4 26 30 69 125 131 8 7 
283 349 152 7782 189 2879 2544 7624 167 
2509 2183 7337 148 2425 1916 7738 117 2418 
2127 8197 

10 1191 1366 1373 1497 1129 1156 1312 1456 40 56 50 
59 65 34 4 34 8 1 9 8 18 14 17 31 49 48 102 4 5 
1358 2286 253 1357 4448 5184 567 
4362 5602 1450 2012 4515 1831 3108 
6294 

11 1187 1519 1249 1522 1241 1526 1316 1531 46 53 51 
31 44 34 7 49 6 0 7 1 8 15 3 18 87 199 171 10 8 
882 767 425 7523 2151 4271 5771 8064 3044 
5542 4140 7810 3256 3542 5691 8268 4434 1576 
704 8271 

12 1201 1339 1361 1404 1181 1420 1351 1548 39 56 49 
33 35 33 6 41 13 0 9 5 14 18 9 27 77 112 161 9 8 
386 1517 1105 6508 529 3521 3183 6972 5084 
2389 12221 7186 1635 3015 9941 7216 729 3463 
7774 8473 

13 +375 1481 1476 1620 1297 1484 1451 1636 58 53 46 
28 61 32 13 50 1 0 0 1 1 0 1 1 78 56 75 2 7 
629 1857 219 7256 640 5202 6883 7061 866 
6461 9421 6862 925 5780 7255 8011 643 6105 
6998 7971 

14 1220 1384 1421 1475 1139 1396 1438 1416 48 45 37 
33 36 30 4 31 5 1 3 2 6 5 2 7 34 18 62 5 8 
878 240 493 7306 3366 3749 3954 7970 3847 
4331 4792 7305 2651 6025 3498 8078 2375 3845 
6568 10031 

15 1333 1547 1224 1481 1139 1525 1231 1513 58 53 56 
25 47 33 10 39 8 0 2 3 5 6 9 15 34 51 61 9 5 
172 577 822 6129 1281 4364 4386 6227 1188 
4023 4409 6085 1992 3719 5088 6568 1732 4535 
4901 6993 

16 1284 1402 1401 1549 1226 1403 1241 1511 56 55 47 
26 32 35 6 52 6 0 12 5 17 30 9 39 47 58 36 11 6 
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688 915 618 5767 1010 5209 7634 6250 950 
4931 7411 6270 1972 4408 9936 6453 1456 3968 
7526 8487 

17 1216 1421 1376 1466 1271 1462 1421 1550 45 39 41 
33 43 37 2 49 11 0 2 10 12 3 16 19 118 90 169 5 7 
318 439 364 7945 870 2731 5882 7784 2664 
2353 9051 7073 2873 2504 4134 7484 2286 2244 
7347 9105 

18 1266 1331 1355 1521 1228 1459 1306 1571 30 40 36 
41 34 50 6 51 11 0 4 2 6 14 4 18 68 5 53 10 9 
501 434 223 7354 3609 2883 3182 7503 4214 
3042 3618 7048 3629 2914 2434 7800 3702 2458 
3706 9052 

19 1253 1469 1419 1577 1309 1386 1418 1604 30 34 33 
38 43 51 0 56 6 3 7 2 12 11 3 14 179 135 298 8 8 
1918 238 474 6951 1909 3918 5980 7592 2130 
4987 5808 8746 2426 2680 8129 8067 2762 3523 
6113 8500 

20 1346 1504 1518 1624 1326 1496 1433 1608 45 39 53 
30 50 34 5 37 10 0 4 2 6 11 3 14 11 46 26 2 8 
2632 485 495 7794 6804 6176 5848 8121 5457 
5757 5771 8105 5674 6191 6060 8779 5088 5137 
3657 6803 

21 1032 1319 1196 1420 976 1278 1043 1346 61 61 29 
28 30 25 9 41 3 4 2 2 8 3 4 7 52 128 71 8 6 
313 471 910 10121 391 4844 2163 7961 564 
3436 2772 7477 1089 3550 3680 7377 1599 3390 
3957 8883 

22 1126 1342 1431 1545 1096 1429 1249 1551 50 50 42 
23 42 36 5 35 6 1 6 2 9 12 3 15 138 221 176 8 7 
417 1093 218 6452 2087 4526 4999 6821 831 
5086 4720 6220 1934 6582 5052 8405 1298 6754 
5425 7943 

23 1296 1408 1500 1539 1105 1385 1231 1512 54 49 43 
27 38 35 8 46 8 0 2 2 4 6 3 9 48 76 56 10 6 
327 486 1069 6134 797 2276 2348 6676 1110 
2369 4442 6233 1104 2666 4194 7181 1188 2936 
4026 7225 

24 1123 1231 1310 1448 1034 1242 1272 1391 53 45 41 
47 61 35 12 43 5 1 7 5 13 14 8 22 73 137 148 9 5 
433 950 344 662 1827 3007 755 
1963 2827 763 1724 3354 830 1787 
3124 

25 1285 1385 1385 1481 1198 1382 1321 1379 53 60 52 
26 28 31 8 24 2 0 5 1 6 13 2 15 159 183 268 11 7 
4246 1044 583 1385 2753 4016 6696 2141 
1580 5663 7068 1869 2082 6939 7055 1565 2225 
4688 8615 

26 1431 1583 1429 1503 1269 1623 1404 1591 50 52 45 
35 44 35 6 41 4 0 2 2 4 5 3 8 69 54 142 4 4 
395 512 253 6662 1831 4073 1959 7846 1289 
2323 3967 10055 1310 3462 3643 8356 1243 4430 
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1999 9433 
27 1310 1412 1447 1523 1255 1416 1361 1476 55 58 43 

28 32 31 10 33 6 0 5 1 6 8 1 9 65 91 107 9 8 
489 306 437 8302 1035 5716 5973 9108 1906 
11039 5561 8609 1953 19308 4318 8234 1862 17677 
4939 8748 

28 1250 1316 1372 1383 1269 1363 1348 1434 41 41 39 
33 45 35 8 36 8 0 8 5 13 17 9 26 54 45 55 10 9 
518 7446 878 6885 1200 28459 5927 7026 1167 
26797 6059 6821 1384 27405 6452 6890 1018 27990 
5147 7924 

29 1391 1469 1487 1567 1235 1389 1426 1509 48 56 40 
54 55 29 4 34 9 2 5 3 10 10 3 13 39 76 184 8 4 
3532 893 570 5882 3762 4913 4457 7776 3652 
2073 1325 7568 5166 3847 7355 6767 1933 6315 
1686 7213 

30 1273 1360 1291 1436 1085 1342 1247 1491 39 32 41 
47 55 41 0 47 15 0 7 3 10 14 7 21 67 135 175 4 7 
257 687 513 6500 388 2060 3508 6777 596 
2525 3093 6375 905 4685 4212 7491 818 2582 
2396 7546 

31 1216 1214 1445 1571 1118 1387 1361 1578 44 35 37 
47 52 49 5 46 10 1 6 10 17 10 21 31 93 93 89 6 6 
1955 1012 1692 9665 1062 2556 3783 8758 1441 
2150 4675 9737 1781 6577 5629 9910 1923 6363 
5411 10203 

32 1493 1570 1469 1626 1418 1540 1390 1588 41 47 31 
25 47 44 1 49 7 2 1 4 7 1 5 6 8 21 24 3 6 
650 2075 677 6273 691 1603 2341 8163 646 
1450 3946 7647 2496 3005 3111 7931 3647 3866 
3560 10716 

33 1315 1446 1266 1424 1131 1547 1171 1471 67 64 53 
25 35 22 8 23 4 1 3 0 4 8 0 8 41 158 211 9 7 
589 174 429 9072 1462 5293 6301 9216 1578 
6339 4668 9783 1420 3327 6775 9860 1473 3318 
~734 10153 

34 1295 1473 1406 1551 1239 1357 1350 1481 49 56 50 
23 30 32 9 40 9 0 2 2 4 4 3 7 137 484 384 9 8 
1774 328 266 11551 3398 1659 4750 11820 4116 
1852 6097 12217 5414 3727 3305 11504 2326 2837 
5630 11830 

35 1281 1352 1391 1501 1180 1337 1291 1512 50 51 
42 46 38 9 37 2 1 1 1 3 2 2 4 55 52 58 9 7 
649 9265 1486 6221 831 11709 3763 6690 695 
8043 4011 6787 2075 22390 6803 9109 1906 24612 
6991 9552 

36 1308 1413 1406 1480 1216 1304 1318 1501 50 57 
27 46 25 7 35 5 0 3 2 5 6 4 10 20 36 46 11 7 
553 297 218 7053 1868 5231 2083 8212 1866 
7891 3910 7265 1740 8010 5342 7974 1886 9763 
5986 8561 

37 1274 1416 1485 1582 1236 1398 1464 1618 42 37 
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31 38 42 3 40 7 0 3 2 5 7 5 12 61 73 116 10 9 
2791 887 990 9136 1600 3197 2489 7052 3047 
2480 2461 7403 3253 2727 2470 7328 3402 3019 
2887 7922 

38 1362 1419 1421 1578 1117 1414 1359 1576 45 46 
52 51 38 4 45 8 1 3 16 20 1 26 27 208 206 213 4 9 
1290 1409 799 10745 677 9287 1045 8163 955 
8843 1965 8686 952 7833 1706 10192 952 7056 
1999 9136 

39 1438 1549 1451 1598 1261 1523 1386 1543 39 47 
34 44 40 6 41 15 1 6 11 18 11 18 29 8 41 64 7 4 
580 283 154 7561 1742 3984 4039 6742 1463 
2680 6133 6339 1486 2730 4318 7611 1536 3239 
4921 7988 

40 1356 1446 1552 1600 1226 1363 1492 1562 60 57 
33 34 31 4 22 8 0 1 7 8 1 14 15 67 53 8 10 6 
437 222 136 5238 525 2515 4701 5591 4364 
2343 4698 6078 834 4697 2412 6646 808 5692 
4693 7091 

41 1152 1357 1389 1482 1142 1235 1293 1446 48 45 
39 42 37 8 49 11 0 3 5 8 6 7 13 31 60 81 8 7 
1653 1919 698 8760 2848 3592 3334 8664 3018 
3402 2562 8646 2821 3385 2530 9412 2792 3247 
2787 9220 

42 1269 1470 1426 1589 1153 1464 1344 1579 50 48 
28 37 27 8 39 7 0 6 3 9 13 2 15 10 25 46 5 7 
129 403 570 6237 7410 3339 4341 6967 8664 
4201 3336 6911 8215 2988 5332 7914 8038 3516 
4495 7829 

43 1179 1353 1399 1551 1064 1318 1341 1565 49 48 
35 31 30 1 37 9 2 6 5 13 8 9 17 71 72 76 9 4 
91 182 572 7713 117 3908 4075 8003 179 3735 
3658 7882 184 2135 5009 8474 292 2104 1850 
8770 

44 1251 1456 1321 1491 1104 1422 1191 1505 50 48 
37 44 32 5 38 5 0 1 3 4 2 5 7 327 226 465 7 8 
405 404 247 7768 1432 6440 4856 8567 2177 
7525 9910 8216 1963 6580 6778 9012 1937 6898 
7957 9060 

45 994 1311 1148 1413 862 1361 1036 1318 34 50 
37 41 34 7 37 8 1 3 11 15 10 24 34 62 128 211 9 7 
298 2225 405 7537 350 4115 2554 8311 343 
2972 3542 7710 382 3440 4887 8377 529 3147 
2748 10414 

46 986 1395 1231 1486 975 1455 1069 1529 48 51 
29 40 42 5 32 8 0 11 8 19 26 16 42 67 101 69 9 3 
2521 696 975 8503 1127 3167 5133 6332 687 
2931 5068 6328 948 2967 4809 6928 1445 2523 
4411 7053 

47 731 1036 886 1159 608 957 726 1061 47 63 
36 35 32 7 39 13 0 3 10 13 7 24 31 93 220 290 10 8 
574 556 285 7073 1340 4670 3721 7380 1369 



4946 3695 7597 1308 3921 3561 9340 1280 3898 
3514 8646 

48 831 1366 991 1445 748 1339 921 1321 41 47 
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38 58 39 7 52 6 4 0 7 11 0 14 14 261 420 466 9 8 
413 530 745 7586 457 4175 4547 7368 1694 
3223 4530 7570 3328 4014 3637 10364 453 3946 
3040 7436 

49 681 1013 911 1119 522 971 681 1124 28 47 
50 50 50 1 34 14 1 2 3 8 3 5 8 92 101 132 3 7 
380 720 654 6679 633 2842 3413 6805 582 
2674 3701 7058 883 3495 3583 7266 860 3315 
3761 8306 

50 1005 1281 1208 1481 873 1283 998 1475 48 44 
37 34 49 3 51 2 7 3 8 18 5 16 21 66 163 167 9 4 
457 124 298 8699 968 3945 5691 7892 869 
5262 2730 7286 1346 8133 5251 8059 702 8882 
6164 7297 

51 1001 1398 1321 1436 826 1374 1056 1481 36 33 
37 50 46 54 10 12 1 2 6 9 5 11 16 85 119 179 9 3 
407 1444 927 9354 623 2150 2348 9125 651 
3526 3385 9724 658 4091 2416 9834 638 3595 
2732 8879 

52 1058 1311 1221 1458 873 1283 984 1412 59 57 
24 32 35 2 36 6 0 2 1 3 5 1 6 155 285 537 9 4 
492 610 231 9662 775 3974 3769 7214 1824 
5784 5852 7316 1453 6981 7729 8684 4531 6729 
9214 10175 

53 1182 1356 1283 1501 916 1408 1173 1509 47 43 
28 27 55 9 57 15 3 7 10 20 10 16 26 49 274 205 2 2 
320 854 132 6002 564 1105 2463 5820 843 
1814 4012 6155 793 4108 3765 9867 950 3987 
3458 10889 

54 1070 1346 1176 1351 911 1269 1073 1414 48 45 
33 44 34 2 43 10 0 3 5 8 6 9 15 169 402 365 4 5 
2437 1372 352 6553 1133 2676 5198 9224 1084 
~845 7405 7088 1261 2446 5222 9234 492 2304 
2588 7019 

55 1137 1421 1264 1583 1087 1380 1182 1421 55 53 
26 28 31 2 37 10 3 6 3 12 10 3 13 272 337 466 10 8 
1923 446 496 6442 3032 3310 3503 5968 2861 
3748 3722 5837 2464 4453 3328 6652 2977 3785 
2155 6491 

56 984 1323 1195 1483 848 1332 1081 1459 53 55 
44 46 32 9 46 14 0 8 9 17 14 12 26 104 194 182 9 7 
709 1190 530 5794 656 5118 5620 5755 1567 
7646 4971 5843 2125 7482 4528 5900 2225 7925 
4952 6558 

57 1048 1330 1211 1429 844 1300 1017 1445 56 57 
24 32 30 7 42 7 0 4 1 5 10 2 12 110 186 217 9 8 
687 618 685 8240 862 2651 4052 8108 619 
2604 3106 7566 837 5017 7090 10958 732 4420 
3652 10309 
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58 1093 1406 1231 1536 1038 1377 1116 1456 42 48 
34 40 28 7 44 6 0 4 3 7 9 4 13 81 134 118 6 5 
557 1611 287 6607 802 7294 3312 7301 824 
4106 5040 7215 1516 5633 7794 7598 1037 5810 
5257 9624 

59 1069 1349 1328 1618 979 1372 1186 1543 44 49 
35 46 37 5 37 4 1 1 0 2 2 0 2 137 258 192 9 7 
1151 482 492 8615 1492 3916 7812 8393 2163 
3955 3342 8540 1404 1907 3783 7569 1675 2529 
3559 7826 

60 1184 1423 1289 1541 873 1392 1165 1543 50 49 
42 42 38 5 46 11 1 0 2 3 0 2 2 94 107 148 3 5 
912 194 347 6370 2103 2331 5239 7663 3760 
1711 5440 7271 4677 2397 6608 8069 2800 2540 
6541 7054 

61 1041 1154 1053 1331 841 1234 971 1327 49 46 
42 31 42 5 60 10 0 18 11 29 37 17 54 90 195 281 9 6 
568 1196 663 6984 1820 3850 5693 6296 879 
7693 2095 7019 1420 2187 4910 6760 1480 2169 
6416 8463 

62 1096 1359 1159 1430 994 1356 1136 1526 53 56 
26 48 29 5 40 10 1 5 1 7 7 1 8 69 127 74 9 3 
2320 974 344 6687 2392 3096 1822 6748 3852 
3368 2793 6818 4710 2824 2743 6960 4603 2667 
1620 6794 

63 1110 1280 1264 1538 1019 1388 1083 1451 60 55 
40 42 32 7 48 12 0 11 3 14 21 4 25 102 183 256 9 8 
792 669 455 6533 916 6311 4458 6866 931 
4703 6891 6884 947 4692 8116 7493 3915 3412 
8589 7385 

64 998 1273 1144 1466 1119 1109 1054 1430 38 31 
53 36 53 3 62 17 0 3 3 6 6 7 13 190 276 269 10 5 
1454 1088 655 8286 2429 3977 2423 8205 1681 
4010 1686 7512 1890 3532 1700 8698 1677 3476 
1557 8620 

65 1074 1420 1285 1499 909 1401 1189 1477 44 56 
27 36 33 9 32 11 1 6 7 14 10 14 24 167 272 285 8 8 
2267 456 199 7298 4872 7823 4557 6981 5417 
5212 5789 6799 2221 4670 2627 7867 2111 6233 
6713 7311 

66 1021 1335 1309 1591 858 1336 1214 1573 50 50 
44 50 33 3 35 2 0 4 4 8 6 4 10 326 384 386 9 8 
3037 1979 669 10527 6445 3431 3446 7915 6921 
3277 7341 8171 5924 3144 4552 8393 5752 3057 
5541 10250 

67 1139 1438 1473 1638 1079 1431 1296 1589 42 46 
34 51 32 0 49 10 1 2 5 8 4 10 14 46 383 314 3 6 
986 340 846 5717 1696 4690 6606 5851 1577 
3494 6690 5853 4147 6697 8108 7638 4250 4594 
9251 6891 

68 1088 1364 1271 1581 998 1355 1166 1546 45 50 
36 50 35 6 46 12 5 3 8 16 6 12 18 215 181 213 8 7 
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1541 562 444 8535 1766 7194 4295 7235 1767 
5751 4226 7255 1831 4348 5375 7755 1734 5877 
4716 8225 

69 1236 1431 1408 1605 1073 1391 1246 1559 55 55 
46 41 30 8 48 6 0 4 7 11 9 16 25 209 203 231 9 9 
1161 2691 762 7034 1473 6617 4651 7756 1574 
6503 6143 7731 1605 6247 6494 7904 1292 5413 
6953 8320 

70 1037 1419 1327 1601 947 1354 1256 1526 55 58 
43 29 30 9 31 6 0 7 3 10 10 4 14 100 145 208 10 5 
477 267 118 7171 2069 4100 4875 7330 2077 
3992 4724 7496 2550 4361 6034 8364 1804 3295 
3985 7849 

71 976 1410 1261 1552 836 1364 1156 1549 29 42 
34 53 41 3 59 9 1 14 8 23 27 14 41 246 550 556 2 7 
591 504 949 8786 990 4516 7116 10198 1170 
3549 9508 10403 2062 3611 9927 8860 1515 3479 
9760 9855 

72 1186 1455 1353 1535 1094 1454 1298 1509 38 48 
24 51 46 10 46 7 2 0 3 5 0 5 5 272 406 434 4 8 
480 238 648 5942 708 4053 5225 6313 647 
3335 5446 5642 783 3811 4064 7578 986 3738 
3969 8856 

73 1257 1291 1341 1546 1009 1255 1278 1514 53 50 
34 42 41 3 67 14 0 2 9 11 5 17 22 149 266 191 10 6 
382 352 801 6332 861 3961 5640 7215 4124 
5606 9192 7276 3570 5151 8581 7687 1826 6091 
7978 7590 

74 1212 1457 1366 1595 1152 1444 1293 1578 53 60 
34 46 36 1 42 1 1 8 1 10 20 2 22 98 155 217 8 6 
913 337 596 6060 3754 11387 6672 6625 3223 
10761 6187 6601 3968 8363 6073 7181 4662 8813 
6277 7367 
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APPENDIX J 

ANALYSIS OF VARIANCE TABLES 

Analysis of variance for tibialis anterior (EMG) 

Source 

Between sub. 
within sub. 

Between meas. 
Residual 

Total 

SS 

5744503.0 
1655297.4 

125054.0 
1530243.3 
7399800.5 

df 

70 
213 

3 
210 
283 

MS 

82064.3 
7771.4 

41684.7 
7286.9 

5.72.0009 

Analysis of variance for trapezius (EMG) 

Source 

Between sub. 
within sub. 

Between meas. 
Residual 

Total 

SS 

36968885.3 
5312795.1 

145897.4 
5166897.6 

42281680.4 

df 

70 
213 

3 
210 
283 

MS 

528126.9 
24942.7 
48632.5 
24604.3 

1.98 .1185 

Analysis of variance for extensor carpi ulnaris 

Source 

Between sub. 
within sub. 

Between meas. 
Residual 

Total 

SS 

7825319.4 
4327864.4 

280052.7 
1017811. 7 

12153183.8 

df 

70 
213 

3 
210 
283 

MS 

111790.3 
20318.6 
93350.9 
19275.3 
42944.1 

4.84 .0028 

Analysis of variance for heart rate (beats per minute) 

Source 

Between sub. 
within sub. 

Between meas. 
Residual 

Total 

SS 

3533981. 0 
2475774.5 

633459.5 
1842314.9 
6009755.5 

df 

70 
284 

4 
280 
354 

MS E 12 

50485.4 
8717.5 

158364.9 24.07 .0000 
6579.7 

16976.7 
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Analysis of variance for hand steadiness (sec. in contact) 

Source SS df MS E R 

Between sub. 24804.9 70 354.4 
Within sub. 7232.3 142 50.9 

Between meas. 2764.1 2 1382.0 43.30 .0000 
Residual 4468.2 140 31.9 

Total 32037.2 212 151.1 



APPENDIX K 

MULTIPLE REGRESSION TABLES 

For the stepwise multiple regression tables the following 
abbreviations will be used: 

SLESN = weighted negative life events 
OLQ = orientation to life 
TRAT = trait anxiety 
SDS social desirability 
VTS = vulnerability to stress 
EVP = everyday problems 
STCH = ratings on the stressed to challenged continuum 
HAPER = hand steadiness to peripheral vision attentional 

division rating 

Regression for upper visual field fast target changes 

Variables .E Significance Multiple R 

SLESN 4.41 .04 .24 
HAPER 3.73 .03 .31 
OLQ 3.22 .03 .35 
STCH 3.22 .02 .40 
SOS 2.77 .02 .42 
TRAT 2.44 .03 .43 
VTS 2.09 .06 .43 
EVP 1.81 .09 .43 

Regression for lower visual field slow target changes 

Variables .E significance Multiple R 

OLQ .91 .34 .11 
TRAT 1. 71 .18 .21 
HAPER 1.42 .24 .24 
VTS 1.23 .31 .26 
STCH 1.11 .36 .28 
SLESN .96 .46 .28 
SOS .82 .57 .28 
EVP .71 .68 .29 
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Regression for lower visual field fast target changes 

Variables E significance Multiple R 

HAPER 2.11 .15 .17 
SOS 1.95 .15 .23 
SLESN 1.50 .22 .25 
TRAT 1.16 .34 .25 
STCH .96 .45 .26 
EVP .81 .57 .26 
VTS .69 .68 .26 
OLQ .60 .78 .27 

Regression for state anxiety change 

Variables E significance Multiple R 

STCH 8.19 .006 .32 
EVP 7.33 .001 .42 
SOS 5.68 .002 .45 
SLESN 4.65 .002 .47 
VTS 3.83 .004 .47 
TRAT 3.28 .007 .48 
OLQ 2.85 .01 .49 
HAPER 2.45 .02 .49 

Regression for EMG change in tibialis from position 
baseline to hand steadiness task alone 

Variables E significance Multiple R 

TRAT 1. 71 .19 .15 
SLESN 1.65 .20 .21 
HAPER 1.50 .22 .25 
EVP 1.25 .30 .26 
SOS 1.10 .37 .28 
OLQ .95 .46 .28 
STCH .82 .58 .29 
VTS .70 .69 .29 



Regression for EMG change in tibialis from position 
baseline to stress task with slow targets 

variables .E Significance Multiple 

VTS 4.56 .04 .25 
TRAT 6.24 .003 .39 
SOS 4.83 .004 .42 
STCH 3.77 .008 .43 
HAPER 3.06 .02 .43 

_SLESN 2.58 .03 .44 
EVP 2.19 .05 .44 
OLQ 1.88 .08 .44 

Regression for EMG change in extensor carpi ulnaris 
position baseline to hand steadiness task alone 

Variables .E Significance Multiple 

TRAT 1.30 .26 .14 
STCH 1.49 .23 .20 
EVP 1.37 .26 .24 
HAPER 1.23 .31 .26 
SLESN 1.08 .38 .27 
OLQ .94 .47 .28 
SOS .82 .57 .29 
VTS .71 .68 .29 

Regression for EMG change in extensor carpi ulnaris 

R 

from 

R 

from 
position baseline to stress condition with slow targets 

Variables .E Significance Multiple R 

TRAT 1.71 .20 .15 
VTS 1.60 .21 .21 
HAPER 1.19 .32 .22 
SLESN .91 .47 .23 
SOS .73 .60 .23 
STCH .61 .72 .23 
EVP .52 .82 .23 
OLQ .45 .88 .23 
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Regression for heart rate change from position baseline to 
stress condition with slow targets 

variables ~ Significance Multiple R 

SOS 1.46 .23 .14 
TRAT 1.91 .15 .23 
OLQ 3.38 .02 .36 
STCH 2.99 .02 .39 
SLESN 2.73 .02 .41 
HAPER 2.39 .04 .43 
EVP 2.08 .06 .43 
VTS 1.86 .08 .44 

Regression for heart rate change from position baseline to 
stress condition with fast targets 

Variables ~ Significance Multiple R 

TRAT 2.41 .13 .18 
OLQ 3.22 .05 .29 
SOS 2.54 .06 .32 
VTS 2.15 .08 .34 
HAPER 1. 78 .13 .35 
STCH 1.56 .17 .35 
SLESN 1. 33 .25 .36 
EVP 1.17 .33 .36 

Regression for hand steadiness change from baseline to 
stress condition with slow targets 

Variables ~ Significance Multiple R 

VTS 3.46 .07 .22 
OLQ 2.67 .08 .27 
STCH 2.33 .08 .31 
SLESN 2.16 .08 .34 
EVP 1.82 .12 .35 
HAPER 1.50 .19 .35 
TRAT 1. 31 .26 .35 
SOS 1.09 .38 .35 
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Regression for hand steadiness change from baseline to 
stress condition with fast targets 

Variables f: Significance Multiple R 

VTS .69 .41 .10 
OLQ .73 .48 .14 
STCH .61 .61 .16 
SLESN .54 .70 .18 
SDS .47 .80 .19 
HAPER .43 .86 .20 
TRAT .38 .91 .20 
EVP .33 .95 .20 
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