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Seventeen oartrerpants reported two days phor to the MCAT to compieue the Test Axi:rxxety

Inventory (TAA by Sprelberger et al 1980 and to donate 30 ml of blood: Subjeets returned

three days post-MCAT to repeat the procedure Results Jf the TA] (wrth subscales Worry.

Ernotronahty. Total) were tabulated. Plasma was extracted from pre to post-MEAT serum

samples and subjerted to Rad:otmmunoasay (RIA) U, measure th\. amount of Beta-endorphm

Student GPA and number of Screu.e courses were other vanables analyzed

It was h

elevated as a result of stress associated with the MCAT, and test anxiety (as measured by

TAI and Beta-endorphm) would be sxgmfroantly related to MCAT scores. It was further

hypothestzed that TAI scores would be related to Heta-endorphm and that GPA and Sc:ence

courses would relate to MCAT and mt anxrety measures.
Results indicated that TA] (subscales) were more elevated pre—MCAT and Beta-endorphin

was hxgher after the examination. fe?t anxiEty (TAI Total and subsmles) was mgmﬁcantly

inversely related to performance on MCAT. Pre-MCAT Beta-endorphin was nsg’ativay corre-

1ated with MCAT subsets of C‘hemiz;:irji and saeaee Problems: TAI subscales and serum Beta-
endorphin were not significantly correlated; several items of the TAI were giinifiamtisv related

to0 Beta-endorphm;



between GPA and MCAT scores.

Pre-MCAT Beta-endorphin results showed a significant positive relationship with under-

graduate Biology: a significant negative correlation with undergraduate Chemistry coursss.
Post-MCAT Beta- endorphin data was sigmificantly inversely correlated with gradvate Chemis-

try courses.

Regression results indicated that select items from the TAl GPA and Bew-endorphin could

be used to predict performancé on particulsr MCAT subsets and that MCAT scores were

mfluenaed By test ;ﬁxzeiy

Other conclusions and recommendations for further Tesearch are presented. The Appendices

include copies of the TAI, procedures used in processing blood samples for Beta-endorphin, and

complete correlation matrices:
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CHAPTER l
INTRODUCTIGN

Testinig is a reality both in education and society. A View of educational prac-

txce reveais that teachers subject students to fr requent exanunatrons They test to

deterrmne mterest. ach.\evement aptrtudes and mtellxgence Credence is ngen to scores

recerved from these tests and used to screen, admit or reJect, piace and seiect, Judge.

grade; and evaluate students. Research on tst use" poxnts out that Whenever results

are used in important decisions that affect individual life ehanéa; piipils modify their

behavior accordingly (Madeus; 1984).

Psvchologxcal vanables have been suggested to mfluence test anxrety Some are:

self pre-occupymg WOrry, tnsecunty and self-doubt (Sarasonm, 1984); negatxve thoughts

dunng actual tstmg (Galassi et al 1981) and fear of far]ure (Gaudry and Sprelber-

ger; 1971). Whatever the purported causes; when tests are used at crucial decision-

makmg pomts for students, the associated stress may be suffxcxent to mterfere w:th

authentxc output. Thrs is a factor that educators. who are mterested in the academ:c

weii-bemg of therr stndents must address attenttveiy

criminate mvestrgatron, through hterature, of the actual state. Advanced specuiatron

suggests a pomble nhysxologrcal mvolvement

As an educator who is mterested in substantxatmg the fmdmgs on test anx:ety,

carefui efforts have been made in seiectrng the ] part:cular populatlon of pre-medlcal
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students. This group has the potentxal to demonstrate test anxxety since they are

reqmred to suncesfully complete an instrument wh:ch wﬂi screen their e entry 0 a

fxeld of choxce Fmdmgs. mvoivrné ;Sr;-;&h&i studen& in parucular may elucrdate

key mformatlon on ust anxxety Wh:ch may then be apphed to th1s populatxon and

l’eZ’d to fiii'thér i‘é?eii‘ch with 6thér ﬁoﬁdlatioﬁs of students.

Many students are unable to dea.l wrth amuety and are forced to ”drof:out” of

college (Lusk. 1979) Furthermore. anxrety may become 50 intense that students not

oniy oontemplate snxcxde but actually execute it (C. H Brown in Splelberger, et al;

1979 p- 167). These realities cause Head and I:mdsey (1983) to submit, that (test)

anxrety and its effect on coﬁege students must uvome a major concern for all hxgher

education 12rso’nnel

Accordmg to Tryon (1989) there was a consistent moderate negatxve correlation

between test anxxety and total achxevement. Other studxes have shown that test

havmg consequenttai negat:ve effects on grnde pomt average (prelberger & Katzen-

mayer, 195% Culler & Holahan, 1980; B BEnJaxmn et al, 1981).

Earler fmdmgs (Mandler and Sarason; 1952) suggested that test anmety was

mamly oognmve in nnture, ie., mdxv:duals expenenced feelnws of madequacy and

helpl&nas. antxcrpatxon of pumshment or dummshed self-esteem Therefore, when

ingh-wst-anxxons persons were placed in evaluatxve settmgs, a clas of task-m'elevant

or mterfenng TeSPOnises Was evoked More recent fmdmgs substantiate this conceptnon

Wme (1982) claimed that tnghiy test anxious individuals pert‘ormed more poorly on

M
SN
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cognitive tasks than less anxious individuais, especially if the tasks were difficalt and
were given in evaluatively stressful circumstances (Wine, 1982, p. 209).

It scems evident therefore, that student achievement can be suppressed When stu-

dents are in this state: This fact alone makes it worthy of consideration and inves-

tigation.

Work done by Leibert and Morris (1967) suggested that there are two distingui
shable components of test anxiety, one ébéﬁiiiire which they class:f:ed as "Worry”
(eg thinking about the conssquences of failurs, expressing doubts about one’s ability)
and the other "Emotionality” which refers o autonomic or physiological reactions
that become evident in a test situation.

Modern day analysis of test anxiety has preserved the carefully differentiated
facwors. The distinction allows one to categorize "Worry” s the more peychological:
cognitive oriented member and "Emotionality” as the affective component (Morris et
al, 1981).

This nétiéﬁ of the autonomic arousal aspect (géréSén; 1984) has §éﬁéﬁi§l personal

interest o re-examine physiological ramifications of test anxiety. And since test anx-

jety is a situation-specific form of general anxiety (Siebér, 1980) of stress, serum
B-endorphin surfaces as a possible associated contender in the affective response.

The relationship between stress and endorphins was first described by Guillemin
Hughes et al. Using pharmacological bioassays, the researchers demonstrated the pres-
ence of two pentapeptides with opiate-like activity in animal brain tissue. Beta-

lipotropin ( A-LPH ) a 91-aminc-acid peptide (Fig: 1) was isolated &s 3 mifor com-
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peptide contained methionine enkephalin as a sequence of amino acid within the
longer chain. Subsequently, several endorphins were identified from porcine pituitary

extracts and characterized.

B=tipotropin and its nedurotropic subunits
H-Giu Leu Ala Giy Ala Pro Pro Giu Pro Ala Arg Asp Pro Glu z’u;
S 10 i

Ala Ala Arg Ala Giu Leu Glu Tyr Gy Leu

Pro Ala Glu Gly
25 30

val Ala Glu Ala Gin Ala Ala Glu Lys Lys [Asp Glu Gly Pro Tyr
35 a0 as

Lys Met Giu His Phe Arg Trp Gy Ser Pro Pro Lys Asp)Lys Arg

SO 55

[Tyt Giy Gly Phe Met Thr Ser Giu Lys Ser Gin Thr Pro Leu Vai

Thij Leu Phe Lys Asn Ala lle Val Lys Asn Ala His Lys Lys Gly

a v 8o 85 90

{mcme Gin OH
8

6i-65 = Meot*-Enkephalin 6177 YEndorphin  41-58= a MSH

61-76 = a Endorphin 61-91 = 8 endorphin

Eigure 1:  Structure of Beta-lipotrophin znd related opioid peptides. (Cooper, Bloom,
& Roth, 1982) Rsproduced with special permission of the Publisher,

Sibce their isolation, endorphins have been implicated as having both euphoric
(Bloom et al; 1980) and analgesic (Devon; 1984) effects:

Studies have shown that chronic pain patients have a lower than normal level
of serum Beta-endorphin ( B-endorphin ). Consistent with this hypothesis, numerous
other reports indicate that biiuiiary endorphins are released under conditions of stress

or pain (see Lewis et al, 1984).
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plasma levels increassd Significantly (p <0.05) during stress. The researchers posited
that the observed increase was correlated directly with the emotional stressful situ-
ation of pre- surgery. Stress seems to be a natural stimulus triggering pain suppres-
sion thereby releasing G-endorphin to serve as the analgesia (Terman et als 1984).

Cohen et al: (1983); state that the endogenous opivid system has been ciearly

The evidence that the endogenous opiate, fendorphin is elevated during stress-
induced activity could be applied o the individual who requires analgesia 1 cope
with the pressured condition of examinations:

The premise may be forwarded therefore, that the human body physiologically
adapts to the anxious student who is being evaluated: Furthermore, a corroborating

assumption may be that serum [-endorphin level is elevated in response to a:xiety

associated with tests.

General attention about the adversé reactions that siress and anxiety inflict on
academic achievement has led to numerous methodologies for study. Models have
been proposed to describe the stress cycle (§eiye, 1956; McGrath, 1982; ﬁoibéfg. 1985).
An adaptation of these has been prepared to characterize the presumable effects of
test anxiety.

Stage A of the model (Fig: 2), suggests that a stress situation begins with some
set of circumstances in the sociophysical environment. It becomes a stimulus for a
given individual if he or she perceives it as leading to some undésirable state of
affairs if left unmodified or to some desirable state of affairs if modified (McGrath,
1982, p. 21).

17
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A Immune rxn

j,,Cbgngé in Bioldgjcal Function

Performance Response

Figure 2:  Theoretical model of test anxiety
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Stage B in the model represents a perceived situation. The Lnk between §tagé
A and Stage B is what Lazarus (1966) bas called "cognitive appraisal” that which
can result in the Experiénce of stress as @ subjective sute. Note that the stressor is
processec in the central nervous system (CNS).

Adopting the premise that pre-medical students are prime candidates for test anx-
iety, this model may then be used as a filter. The Medical College Admission Test
(MCAT) could be approp'riatéiy adapted t0 the 6iai’e’c'tiiré situation of Stage A. Con-
tingént upon the results of this situation (examination), students optimize their chanc:
e of being accepted into medical school. While not the only component of seléction,
it is a key ome. Moreover, the discrimination is such that it i not unreasonable to
believe that some students who would succeed as doctors will never have the oppor-
tunity because their less than favorable MCAT scores may have omitted them from

initial consideration. Hence, the intense competition of the instrument presents itself
as 1 situation that the student perceives as leading to some desired stite if modified,
namely, to be eligible for medical school.

Stage B or the subjectively experienced stress depends on an individual's "percep-
tion” and interpretation of the objective or external (Stage A) stress situation (Head &
Lindsey, 1983).
cal schools are crowded and can admit only a certain number of mew students. For

example, each Year approximately 36,000 individuals apply to almost 120 medical
schools in the United Statés for about 16,000 available openings (AAMC, 19861
Most schools only accept applicants if schoiastic ability, personsl and social adjustinent,
and involvement in extracurricular activities meet a certain criteria. The MCAT

! Statistics for 1984-85 specify that 35944 individuals filed 331937 applicatior for
16,395 places i medical schools (AAMC, 1986).

19




8
scores may be weighted heavily in determining intellectual ability, particularly for

students whose grades ars minimally acceptable for medical school admission or for

students from colleges or universities without an established track record (Boyles, et
al, 1982).

It is assumed, therefore, that mot only the decisive testifig requirement itself but
also the perception of its implications will elevate test anxiety

The stressor stimulates a variety of biological responses (Fig. 3, C) one of
which is the secretion of adrenocorticotropic hormone (ACTH) and B-endorphin con-
comitantly from the pituitary (Guillemin et al, 1977).

The response selection (Fig. 2, D) When activated involves specific pi:ysidiegicai
activity that is precipitatsd by test amxiety (Holroyd et al; 1978; Mandler ana Kre-
men, 1958 Obrist et al, 1978). The ACTH reachmg the adrenal cortéx triggers the
secretion of corticoids, mainly glucocorticoids such as cortisol or corticosterone.
Through gluconeogensxs; these compoun&s supply a readily avzilable source of energy
for the adaptive reactions necessary to meet the demands of the agent. The corticoids
also facilitate various other enzyme responses and suppress immune reactions (Gol-

berger et al, 1982). Cortisol excretion (Tennes & Kreye, 1985) and metabolic modifi-

cation by elevation of systolic blood pressure (Kermis, 1983) have been kmown to
accompany test anxiousness. Furthermore, DuBois et al. (1981) detected a strong cor-
relation between plasma A-endorphin and cortisol:

The chain of events is cybernetically controlled by several feedback mechanisms.
For instance, if thers is a surplus of ACTH, a short-loop feedback returns some of it
to the hypothalmus-pituitary and this shuts off further ACTH/ f-endorphin produc-
tion. In addition, through a lomg-loop feedback, a high blood level of corticoids or

peptides similarly inhibits too much secretion (Goldberger et al, 1982).
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Changes in the blologlcal function (Fig. 2; E) affect the respomse or perform-
ance procm' McGrath (1982) refers to this as "behavior.” He states that perform-
ance depends on ablllty. task d:ff:culty and the standards agamst which it is com-
f:&i'éd; It has been shown that increases in arousal would degrade pev-formance.
presumably because of the interference of fear, anxiety or disorganization (p. 23).
Differentiating between é&iﬁﬁ'\ié and Ei'aiadaptive behavioral responéc?s is addressed
in Cha{:iéf' i 8
[t is imporiant t cmphasize that the present model is only one way of
attempting to incorporate both the psychological and physiological systems as activated

by the perception and execution of the MCAT.

This study is dsxéned to analyze the association between psychometric and phys-
iological outcomes. Therefore, the ultimate purpose is to empirically elucidate signifi-
cant information about the i-éiiti’o’ﬁﬁhi'p’ betwesn test anxiety as measured by the Test
Anxiety Inventory (TAID and serum ﬁ-endorplnn

Aware of the dehcate evaluatxon rsultmg from the examination, it may be
argued that perception and execution of the required Medical College Admission Test
(MCAT), becomes & s:tuauon-speclfxc event which has the potential to cause elevated
levels of test anxlety and serum ﬂ-endorphxn The objectxve is to determme if the
jiiééﬁéé 6? st anxiety has disfavorably altered MCAT results. A relationship , if

ﬁopefully encourage further research. 'l'hus in the future, (if) when causal factors

can be éiﬁé}iﬁéﬁmlly perceived, constructive intervention measures may be taken.

21
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STATEMENT OF THE PROBLEM
Results of this ipvestigation will point t a number of questions whose answers
physiological relationship. They are as follows:

1 Will test anxiety as measured by the TAI subscales (Worry, Emotionality, and
Total) be significantly elevated as a result of stress associated with the
MCAT-test:

2 Pre-MCAT?
b. Post-MCAT?
3. Will wst anxiety as measured by serum A-endorphin be significantly elevated
as a result of the stress associated with the MCAT:
& PreMCAT?
b Post-MCAT?
3. Will test anxiety as measured by TAI (Worry, Emotionality, Total) be signifi-
| cantly related w subset scores of the MCAT- Biology, Chemistry, Physics,
Science Problems, Reading and Quantitative:
a PreMCAT?
b Post-MCAT?

4. Will test inx:éty as measured by serum B:éﬁdorphin be slgmfxcantly ralated
t subsst wores of the MCAT- Biology, Chemistry, Physics, Science Problems,
ﬁéading and éuan'tiiaiive:

a PreMCAT?
b. Post-MCAT?
5. E test anxiety as measured by the TAI (Worry, Emotionaiify, Total) signifi-

cantly related to serum J-endorphiu:
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b Post-MCAT?
6. Will GPA be a significant predictor of MCAT scores?
& Will GPA be significantly related to TAI (Worry, Emotionality,
Total) resuits?
b. Will GPA be significantly related to serum -endorphis
(Pre-MCAT) (Post-MCAT)?
c. Will GPA be significantly related to MCAT scores?

7. Will the pumber and nature of sciemce courses be significantly related to test
anxiéty? |
a. Will content or total science courses be related to TAI
(Worry, Emotionaiiiy, Total)?
b, Will content or total science courses be related o serum

B-endorphin?

The problem of this study therefore; is to investigate the relationship between
test-anxiety, serum P-endorphin and related variables in pre-medical students Who
tike the required Medical College Admissions Test (MCAT): Choosing the MCAT as
the treatment creates the strategic situation Whereby anxiety level may be tested.
Literature supports the fact that pre-medical students,” who will be selecied on iBe
basis of their performance on the MCAT, are presumably potential candidates for

test anxiousness (Feletti and Neame, 1981).
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Analgesia signifies a specific absence of pain in a certain cutaneous zrea. All
other modalities of sensation are otherwise intact (Afifi & Bergman, 1986). The
endorphins fufiction a5 excitatory transmitier substances that activate portions of the
brain’s analgesic system.

Test anxiety is a pevchological/physiological reaction; sometimes called evaluation
anxiety (Wins, 1982) to distinguish it from general anxiety becawse of its Situation-
specific nature. Its uniqueness often corresponds to the cogmitive appraisal of the test.

Emotlonahty refers largely o a persons awareness of bodily u:nsxon (Sarason
1984). It involves the autonomic arousal aspect of anxiety (Wine, 1971).

Endogenous msans produced or ansmg from thlnn a cel:l or orgamsm. The
endogenous secretion of neuropeptides such as B—éﬁdérphin from the pituitary is pre-
sumed to occur during the time of stress (ALl et al, 1984)

Opmm is the substance obtained By ur—drymg of the juice from the unnpe cap-
sule of the poppy, MM It contains a number of irnportant alkaloids

such as morplnne. codeine, and papavenne, all of winch demonstrate some measure of

1982).

Opiate is a substance canminihg or derived from opium. Powerful drug () such
as morphine, for example, are widely used as analgesics pharmacologxcally
,’J-endorphm is the body's endogenous opizts (Akil, 1984)

Radioimmunoassay (RIA) is a very sensitive method of deuenmnmg the concen-

trauon of substancs, particularly the protem-bound hormones in blood plasma This

Oy
.
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procedure is based on competitive inhibition of radioactively-labeled Bormones f spe-
cific antibody. Concentrations of protein in the picogram (10°12 gram) range can be
measured by usmg this technique (Thomas, 1981). It is one of the biochemical pro-
cesses that tests for the presence of [-endorphin in plasma.

Worry has been described as "precccupation with performance (Doctor & Altman,
1969, p. 564)" "conitive concérn about the consequences of failing, the ability of

others relative to one's own (Liebert & Morris, 1967, p. 975)

Sampling restrictions preciude random selection, as volunteer pre-medical students
(N = 17) taking the MCAT, only, were included in the study. Two blood samples

were obtained, one pre-MCAT and the other post-MCAT.

The distinct selection of this group was made because of possible meaningful
results and propensity toward replication, however this does provoke inherent limita-
tions:

Timing also is a limitation factor because the test is offered (only) twice annu-
ally. Soliciting participstion of subjcts in April and September imposed a temporal
constraint ca cata collsction.

Due to the fact that two blood samples were taken, it is impossible in this

study to determine a B-endorphin curve.




HYPOTHESES

The following major bypotheses were developed and tested in order to confer
information pertinent to the purpose of the study.

Hypothexis 1: Test anxiety as measured by the TAI subscales (Worry, Emo-
tionality, and Total) will be significantiy clevated as a result of stress associated
with the MCAT-tesu:

a. Pre-MCAT.

b Post-MCAT.

Hypothesis 2 Test anxiety as measured by serum [-endorphin will be signif-
jcantly clevated as & result of the stress associated with the MCAT:

a PreMCAT.

b. Post-MCAT.

Hypouiém 3: Test anxiety as measured by TAI (Worry, Emotionality, Total)

will be significantly related to subset scores of the MCAT- Biology, Chemistry,
Physics, Science Problems, Reacing and Quantitative:

& Pre-MCAT.

b, Post-MCAT.

Hypothesls & Test anxiety as measured by serum f-éndorphin will be signif-
jantly related to subset scores of the MCAT- Biology, Chemistry, Physics, Science
Problems, Reading and Quantitative.

a. Pre-MCAT:

b. Post-MCAT.

Total) will be significantly related to sérum ﬁ-endorphin.:

a Pre-MCAT.

b. Post-MCAT.
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Hypothesis 6: GPA will be a significant predictor of MEAT scores:
a. GPA will bE significantly related to TAI (Worry, Emotionality,
Total) results:
b. GPA will be signifi’caﬁtiy related to serum [-endorphin
(Pre-MCAT) (Post-MCAT).

c. GPA will be significantly related to MCAT scores.

Hypothesis 7: Number and mature of science courses will be significantly relat-
ed 1o test anxiety.

a. Content or total Science courses wﬂl be related

t TAL

b. Content o total Science courses will be related to

© serum ﬁ-—enﬂbfﬁﬁiﬁ;

Consequent performance on the independent variable (MCAT), within a specific
into medical school. Because of its qualifying nature, the test will presumably effect
elevated levels in the dependent variables such as test anxiety and serum
ﬁ%ﬁd’orp’hﬁi.

It is imporwnt to clarify that correlation does not imply causality (Best, 1977).
iiepiicaiibn studies are ne&éify to test the f6liow1£g‘ if test anxiery (Total) and/or
cither of its components: Worry or Emotionality and level of serum J-endorphin are
positively correlated then it may be cautiously assumed that the endogenous substance
may act as nature’s response o a stressful situation. If test-anxiety (Total) and/or
cither of its components: Worry or Emotionality and serum [J-endorphin levels are

negatively correlated, another assumption could then be judiciously forwarded, ie.
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eievation of endorphin during physiological stress may not be applied to the test-
anxiety form of stress. Numerous correlations could represent a causal influence but
an experimental study with manipulation and control would be necessary to substan-

tiate results.

The report is organized into five chapters. The first is the introduction. This
includes the need for the study (of) test anxiety in gemeral and the physiological

aspects of test anxiety. Theé theoretical model in Chapter I, while appearing to be a

cursory fepresentation of the literature review is an effort to clarify the interface
between psychological and physiological factors. Chapter I contains the literature
review. The material prestnted is an embellishment of the discussions on test anxiety
and serum Prendorphin (physiological) which were introduced in Chapter L Detailed
definitions, descriptions, research reviews and studies underscore the theoretical frame-
work from which this nivéixgiuoﬁ evolved: In C’hapier I the sample of the study
is defined, treatment and research procedures are described, and biochemical methods
used for analyses are discussed: Chapter IV synthesizes the findings. Chapter V
summarizes, presents conclusions, and offers recommendations and implications for

subsequent research.
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CHAPTER II
REVIEW OF THE LITERATURE

The sections in this chapter are divided into two main catéyories. In the first,

test anxiétxy literatute is reviewed and discussed in terms of: definitions, iﬁeasui'e-
ment and effects Worry and Emotiomality components; and physiological response.
The sscond main category deals with serum A-endorphin ressarch. The theoretical
literature discussed involves their possible role in stress and analgesia- characteristics
which suggest their presumable association with test anziety. In general, the theories
and stwdies cited are slient o the problem being addressed and are responsibie for

generating the questions and hypothesss presented in Chapter I

In an attempt to develop a construct of test or evaluation anxiety, researchers
have proposed conceptual definitions then formulated instruments to test them. An

initial challenge was to clafify the distinction between anxiety in general and anxiety

that is situation- specific in an evaluative setting. The developmental process

described led o the most compelling definition, model and instrument selected Specifi-

cally for this study.

-17 -
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General Anxiety

Sieber (1980) ma.mtams that test anxxety is a speciai case of génerai aﬁxiéty. It
concern about possible failure:

General anxiety permeates our lives. A’ciap’tivé mechanisms forewarn man and
lugher mammals of possxble danger wluch triggers innate and learned copmg responses
in the quest for survival. Anxiety may become a stunulus for efféctivé problém-
solving in one individual but a confounding stimulus for another.

Effective problem solvers perceive anx1ety as part of a positive experience. Thus
for them, annety can produce healthy adaptauon and development. However, mdx—
viduals Who view anxiety as a ccnfoundmg stimulus react in a maladaptive manner.
In this case, a problem may evoke emotional responses of panic, illness, worry, anger,

resignation, shame or the desire to escape physically or mentally through defensive

acts of repression or rationalization (Sieber, 1980, p. 18).

A stmtegic look at test anxiety must be taken from the vantage pomt of genrrai
iiiiieﬁv; Fiéii?é 3 féﬁfé&iiﬁ a scientific éﬁiiﬁi which reflects the aa;.ee@iibas of test
anxiety that somewhat support this pespactive.i
 Darwin (1872) made aaiiéiy and fear subjects of scientific inquiry. He claimed
mals in the same manner. For example, rapld heart beat, pexspxrat:on, dilation of
pupils, dryness of mouth, trembling etc: occurred as adaptive mechanisms- enabling the

organis'm to cope with or fle¢ from sources of clanger for survival.

2 The xdea for producmg the chart stemmed from J: E: Sieber (1977) The hst (Fxg
3) is by no means complete. It includes the most frequently cited self-report
instruments in the studies examined.
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) —Derwin[1872]
- Freud [1936]

ANXIETY AND LEARNING |—— TEST ANXIETY

= Hull [1943] = Learning theory
E«f [HxD]

- Taylor [1953]—= Manifest Anxiety
Scale [MAS]

[ Spence [1958] —~ D[lvéfhéofy

fw'Taylor]

Spielberger [ 1970]— STATE-TRAIT
Theory - -

[STAI A-STATE]
[STAl A-TRAIT]

Test Anxiety
Questionnaire

Scale [TAS]

- Alpert & Haber [1960] Achievement
Anxiety Test
[AAT]

- Liebert & Morris [1967] =~
WéLi’?EEﬁEﬁSnﬁlif?

. [we@)

| Spielberger [1978]  Test Anxiety
et al. Inventory
(TAI]

Figure 3:  Evaluation Anxiety: Theories and Measurement. (NOTE: Datés conform

to publication of peychometric instruments. In some cases, theories
appeared in the literature previous to the dates indicated).
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Later research by Freud (1936) emphasized the distinction between anxiety and
fear. He believed that both objective and neurotic anxiety exist. Objective anxiety,
more complex than fear, is based on a history of learning about danger in the exter-
nal environment. Neurotic anxiety is similar to fear in that it is a complex internal
reaction to some perceived danger based on an individual's own history of traumatic
éxpériéﬁ’c& often repressed. Generally, persons Who exhibit maladaptive responses
need therapy to bring repressed material into consciousness.
Darwin and Freud developed the physiological and psychological rudiments of

Anxi’eiy and Learning

Research on anxiety and learning influenced the field of test anxiety:

Hull's theory (1943) diverged from those of Darwm and Freud and significantly
contributed o antiety’s rolé in learning. In ap awempt to explain and predict lears-
ing of new responses; Hull and his associate Spence, proposed that there are certain
factors effécting the probability of the learninig responsé, such as:

E=f(HxD)
(E) is the excitatory p"oi’eﬁii'&i or probability of response. It is a i‘uncii’o'n‘ f) of (H)
which represents the strength of the learned habit, and (D) which signifies the per-
son’s drive state. Emotional responsiveness (E) is Hull's term for anxiety. According
to his theory, highly emotional persons respond more intensely to stressful and inimic
cal stimuli and can exhibit more forceful escape responses.

Early investigators adopted the mumption that anxiety level was equivalent to
emotional arousal.

Emotionality became the personality variable that led Taylor (1953) to develop

a self-report instrument for assessment: the Taylor Manifest Anxiety Scale (MAS).
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The measure has been wxdely used in learmng laboratories as well as in the study of
abnorma! psychology and personahty The MAS refiecfs tmt anxxety- a subjects pro-
pensity to respond anxiously under spec1f1ed stressful circumstances (Rapaport & Kat-
km 1972). It is useful as an indéx of thé drive level evoked by psychoioglcal not

pi:ysioiogicai stress.

roots in Hulhan pnnclples influenced test anxnety research. In esence, it predxcted

that high anxiety will facilitate performance in learning easy materials, but it will

lead to performance decrements on difficult tasks.
Spielberger (1966) later extended the Drive Theory when %e pmposed that:

1. For sub;cts thh superior mtelhgence, *high anxxety wm facm-
tate performance on most learning tasks. While high anxxety

tasks, it will eventuaﬁy facilitate the performance of bright

subjects as they progress through the task and correct responses
become dominant.

2. For subjects of average mtengenoe. high anxiety will facilitate

performance on simple tasks and, later im learning, on tasks of

moderate difficulty. On very difficult tasks, bigh anxiety will
generally lead w0 performance decrements.

3. For low mtelhgence subjects, high anxiety may facilitate per-

formance on simple tasks that have been mastered. However,

performance decrements will generauy be associated with high
anxiety on difficult tasks, especially - in the early stages of
learmng (Heinrich & prelberger, 1982, p. 147).

anxiety state (A-State) and anxxety trait (A-Trait). He declared that the A-State is a
tranaltory. emononal condition which vanes in mtensxty and fluctuates over time.
The mdzvxdual peroewes mmuh of a (real or unagmed) situation and risp’onds with
certain emotions or behavior; therefore tension; apprehensxon and activation of the

autonomic mervous system occur. A-trait on the other hand. refers to the relatively
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stabie f)efsanahty characteristic. The A-trait is the disposition to perceive as threat-
ening a wide range of stimuli and the tendency to respond with extreme A-State
réactions, thus may be called "anxiety promeness” It appears that those with high
A-trait have performance decrements associated With A-state events because of wOTy-
mg and self-centeredness.

Sp:elberger. Gorsuch and Lushene (1970) developed the State-Trait Anxiety Inven-
strictly a test anxiety device because it does not measure evaluative stimulus situ-
ations (Sieber. 1977: Wine, 1980). Nonetheless, the model/instrument has been used to
measure evaluation anxiety. For example, proponents believe that high A-state indi-
viduals perceive "tests” 8s the stimulus which signals danger and evokes consequent
auiéhisiﬁi& rspome. Furthermore, iﬁ&ivi&uais who have elevated Actrait are ;ﬁa;é
that are intrinsic to the performance itself.

The STAI has been used to deliver pertinent iﬁfdtxﬁéti’dh on the perception of
mest difficultnes” resulting in anxiery (Head and Lindsey, 1983; 1984); and in
phymolog:ca.l response research (O'Neil et al, 1969' Keérmis, 1983; Davxs, 1985)

used by test anxiety factfinders who concur with the theory implied.

Test Anxiety

Test anxiety investigation "officially” began three decades ago when Geurge Man-
dlér and Seymour Sarason (1952) presented pioneer research i the field. In their
effort to distinguish the comcept from general anxiety, the authors proposed a defini-
tional copstruct that inciuded Two factors of tst anxiety: cognitive (a feeling of ina-

dequacy, helplessness..anticipation, punishment or loss of status and esteem and
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implicit attempts at leaving the test situation) and somatic (autonomic arousai) com-
ponénii (p. 166).

Mandler and Sarason believed that two kinds of drives are evoked by the testing
situation: 1) the learned task drives which are subsided by responses which lead to
the completion of the task, and 2) learned anxiety drives- those related to task com-
pletion (which reduce anxiety), and those which interfere with task completion.

The latter were considered in the construction of the Test Anziety Questionnaire
(TAQ). The 3%item instrument was designed to measure self-Oriented responsés; those
readily evoked in a test situation, that interfere with the learning of task relevant
reponses. Usmg the TAQ with college students, they demonstrated that those With
high test anxiety performed more poorly in evaluative situations than low test-
anxious students. It was proposed that decrements in performance were attributable
to the arousal of task-irrelevant responses in test situations. Furthermore, test-anxious
individuals react w evaluative stressful situations by emitting negative self-centersd
responses. These effects of test amuety reverberated in the reports of subsequent
reséarchers (Sarason, 1960; Benjamin et al, 1981).

L Sarasom's Test Anxiery Scale (TAS) (1958) was spawned by the TAQ. The
device demonstrated that high test-anzious individuals elicit beightened automomic
arousal and a tendency to ruminate about failure in circumstances of evaluatiop
stress. It was noted that subjects scoring high on the TAS obtain lower scores on
aptitude and classroom tests than subjects scoring low on the TAS. Reiterating the
earlier theory, Sarason charged that low-anxious subjects turn their attention to the

task while high-ankious individuals focus on internal, self-orientsd respomses. The

plausible assumption therefore, is that performance deterioration could be interpreted in

terms of Seiective attention.
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The amnnonal phenomenon CO% ,eptlon of test anxiety has been underscored by

prominent theorists (see Wine, 1971 i980) Wine maintains that the cetilitating

effect on task performance is a result of the highly test anxious person responding to

evaluative testing ccnditions with ruminative, sclf-evaluative %orry and thus cannot
ditect adequate attention to task-relevant variables. Suc states that:

The low-test-anxious person. is focused on tésk relevant variables While

on self-e yaluanve. seif—deprecatnry tﬁmkmg and the peréepuon of _ his

autonomic performances..he cannot perform adequately while dividing

his attention between internal cues and task cues (Wine, 1971, p 92).

Incorporatmg Sarason's theories, Wine as well as others have stucued test amuety
from the ﬁérﬁﬁctxvé of cue utilization. These iﬁ\igtiiifﬁi'g define test aniaety as a
variable associzted with individual differences in co’gmtxvé activitiés such as attention,
appraxsa.l storage and retnevai of information (sce Geen, 1980).

Test annety rsurt:h mvsugauons employmg the TAS are qum -numerous. Per-
titient ones were selected to steer the direction of this study, however, some conf hct-
uig results were found:

Galassi et al. (1984) administered the TAS at the beginning, middle and end of
an m-coufse examination. Little relationship occurred berween test anxiety and per-
i‘éﬁﬁiﬁc&* iii their eirner s'iudy however (1981) the TAS detected an increase of
higher GPA'S) who reported elevated Bodﬂy sensations indicative of arousal,

In 1982, Bentley used the TAS to conclude that students Who react with phys-
iological symptoms more than usual under stress received higher grades. Elevated
arousal also was a greaier predictor of GPA's. Bentley purported fhat high anxious
students turn their Stress effects inward instead of outward- using themselves as a
scapegoats, rather than society. Contrary to Sarason’s theory. the attention inward in

this case was not deprecatory.
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The results indicate that test anxiety as measured by the TAS is a significant
determinant of performance on problem solvirg tasks involving the manipulation of

responses (Harleston, 1962). It is not surprising, therefore, that high test anxious stu-

1981).
While Schmitt and Crocker (1984) proposed that test anziety can contribute to
erratic performance of an examites, Klinger (1984) through the TAS measure,

detected little indication that test anxisty is debilitating for those less prepared.

A recent swidy by Sarason (1984) seems to synthesize TAS findings. He deter-
mined that test-anxious persons experience ééii‘-isfébééiiping i;orry. msecunty and self-
doubt in evaluative situations. On this basis, the TAS remains a popular assessment
device for exploring test anxiety.

In (1960), Alpert and Haber proposed that anxiety may facilitate or impait per-
formance in test-taking situations depending on its nature. They prepared a 28-item

questionnaire: the Achievement Anxiety Test (AAT) in which two subscales, debili-

tating and facilitating anxiéty in examination Situations, are ascertained: Though not

derived from the TAQ, its widespread iise merits atiention.

A typical facilitating-anviety item is " Before a test, 1 become excited and alert
and this helps me to organize what I koow.” The debilitating-anxiety example is
"When I am about to take a test, I get upset and forget a lot of the things 1 stud-
ied” Items such as these were selected on the basis of their correlations with aca-
dénnc performance measures. McKeachie (1969) argued that the facilitating-anxiety
scale may be more closely related to achievement motivation than to traditional con-
cepts of anxiety. Using the AAT, Tobias and Abramson (1971) concluded that it is

reasonable to assume: students with high motivation should achiéve more than those
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with low mouvanon scores. Therefore it appears that the AAT measures confound
the anxxety experiencéd in tést situations with actual test performance (Sp:elberger et
al. 1978).

Plake et al: (1981) performed a vahdxty investigation of the AAT on the basis
of its extended use in psychoiogrcai and socxolog:cal research: They caution agamst
us:ﬁg the two f)irts of achievement anx:ety (facmtatmg and debllmatmg) as indepen-
dent measures, ciaimiﬁg that the underlying structure of the instrument is more com-
plex than the one originally hypothesized.

In general, research on anxiety and learning through use of the TAQ and its
counterparts, suggested that when evaluative stress is high, the highly anxious
perform at lower levels than the low-anxious. For exsmple, high test angious indi-

viduals tend to score lower on classroom and aptltu&e tests (Aipert & Haber, 1960;

7978). Evaluative stress seems to elicit some type of "state anxiety” which interferes
with performancé of the highly anxicus. Commonly, “state” test anxiery has been

tested as a umvarmte condmon that interferes wnh performance as it is increased.

The univariate distinction of test anxiety was challenged in 1967 by Liebert and
Morris. They suggested that state anxiety has two components Worry (W) and
Emouonahty (E). This prospectxve gmded the formulation of the Worry-Emotionality
Qusuonnmre (W'EQ) Items were specifically selected from the TAQ on the basis of
their content validity for assessing emotional réiéiiohs (Emotionality) and cognitive
concerns about performance (Worry) during examinations.

WEQ studies have shown that Worry is inversely reiated to performance expec-
tations of high school and college students taking classroom exams (Doctor & Altman,
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1969; Licbert & Morris, 1967% Emotionalit is unrelated w performance expectations
in some samples (Liebert & Morris, 1967; Spiegler, Morris & Leibert, 1968 and neg-
atively related in others (Doctor & Altman, 1969; Morris & Licbert, 1970).
In a review of W and E research by Deffenbacher (1980), the following pattern
of results weré reported:
1. Worry and Emotionality are significantly correlated:

2. Worry consistently forms a negative or inverse relationship
with performance expectations.

3. Findings for Emotionality are inconsistent and mixed. Emotion-
ality was either unrelated, related only within certain strata of

4. Worry is the more important variable of the two, accounting

for more variance in relationships with performance or per-

formance expectations.  Furthermore, studies controlling the
common variance show that Worry forms a negative correlation
with = performance, whereas Emotionality no lomger correlates
significantly with performance (p: 118).

Morris and Liebert (1970) when replicating earlier work (1969) tcund that the
effects of anxiety on academic and intellectual performance i accounted for by the
effects of the Worry component, while Emotionality is unrelated to this type of per-
formance. Furthermore, the negative correlations in both studies berween grade and
anxiety were shown by means of partial correlation to be due to the relationship
between Worry and grade. When the variance due to Emotionality is eliminated, the
correlations remain about the same, however, when Worry is partialed out, the corre-
lation drops to nomsignificance. They stressed that & distinction should be made
between the two factors wWhen designing studies o investigate the relationship

On the whole, the W and E concept materializes as a cogent premise for test
anxiety research. Instruments using them as subscales would perhaps be better detec-

tors of test anxiousness.
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The Test Anxiety Inventory (TAI) by Spielberger et al. (1978) appears to be an
enbancement of earfier instruments while undersioring the Worry and Emotionality
distinction. The subscales W and E were factor analyzed to yield high internal con-
sistency and relibility for the TAI (Morris et al, 1981; Thyer & Papsdorf, 1982).

The TAI total scores are equivalent to the widely used TAS The Emotionality
subscale has been the best predictor of state anxiety scores (as measured by the STAI-
A-State) and the Worry subscale has correlated sighificandly with GPA's (Spielberger
et al; 1978).

A substantiatiﬁg study by Minor (1985) used the TAI to conclude that students
who scored high on the Worry subscales were likely to have negative thoughts dur-
mg an exam. Small but Sngmﬁcant partial correlations between Worry and GPA
were found for both males and females.

Another interesting result was obtained by Van der Ploeg and Hulshof (1984)
who administered a Dutch adaptation of the TAI to sscondary school students. They
componeént, on performance were nested in the uppér range of intelligénce. Boys and
girls with lower intelligence achieved less and were less influenced by the impairing
effects of test anxiety (p.343).

iia'viig shed mew ﬁgiif on the concept, the TAI appears o Bave ezcellent poten-

tial for use in the assessment of test anxiety as a situation-specific persomality trait

(Spielbérger et al, 1978). The propertiés and correlates of the TAI are discussed in

detail in Chapter 3.
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Physiclogical Response

Test anxx’”':eﬁ" is a "state” that is situation?si:aifie to the evaluative setting. The

more dtffxcnit an examination ar rd the more tmpormnt the conseqnenees that éié
attendant upon sumful performance. the more hkely the situation wﬂl be perceived
as threatemng by most students (Sarason & prelbetger. 1978 P. 172) The threaten-
mg circumstances evoke oogmtxve (Worry) and physxologrcal (Emotronahty) reponss:

'l‘he conceptxon that test anxxety mcorporaus both cogmtrve and physmlogrcal fac-

regardrng the role of physrologlcal arousal in test anxxety Sieber (1980) contended

that the role of physrologxcal arousal in effectmg annety is not well understood. ln

eaaéai;ea&.; Holroyd and Appel (1980) indicated that most research offers no infor-

mation about the role of physxologxca.l changes in test anxiety and in how the test

anxious perform (p 132) They snggsted that phvsrologncai and cogmtlve componenus
are poorly oorrelated thh each other even though common sense would expect it to
be otherwxse

From a substantral survey of exnpmoﬂl fmdmgs associated with test annety and

physxolog!tal response (see Hol"oyd & Appel 1980) sultable studles have been selected

I3W st anxious (I:.A; females Str00p color-word tasks and apagram tests were used
in an expenmental settmg Rsponss and phymologioal activrty were momtored A

Gras preamphfler wrth Beckman electrodes was used to measure changes in auto-

nomnc response;. Resuits showed that dxfferencs in reported anxxety and tst per-
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formance were not aocompamed l:y corrspondmg d!‘.ff erences in autonomic :.,uv:ty
Heart rate oniy appeared to ref lect vanabxhty All other tonic and phasm eleetroder-

tnal actxvxty were vu'tuaiiy identical in HA/LA females. It was concluded that def-

icits in mformauon prooeesmg assoc1ated wlth test anxxety did not result from mala-

daptxve levels of autonomic 2 arousal.
In 1983 Kermxs de:tgned a etudy t explore the association between psychometnc

and physxologxcal results. Kenms used the ST AI A-Tran mstrument o separate hxgh

test anxious from low test anxious: In an expenmental settmg usmg magery, scnpt

Re’édiné ne alternated dlsmptlve and relaxanon cues whﬂe momtormg systohc blood

pressure and heart rate. Pulse rate was reduced after relaxation cues; that is, it was

greatéit after dtsruptxve cues and and lowest after heipf ul ones.
A 1egmmate skeptxcal view may be taken of the contrxved semngs and Tesults
of heart rate variablity (Holroyd et al; 1978) iiid pulse rate changes (Kermis, 1983)

each of whnch notonously reflects diurnal changs:

The followmg appear to show some relanonshxp between cognitive and autonomic

arousal.

Davis et sl (1985) administered the STAI A-trait to sepmte high and low test

anxious students: Usmg a rmddie-ter;x examination, they tested serotonin levels of

among hxgh A-trait individuals. Serotomn mcreased in both HA and LA in the situ-

attonal stress of exams. A 3-day post examination n measure of serotonin ievel would
have pérhife prowded strength for thxs study.

Tennes & Kreye (1985) modified the Test Anxicty Seale for children (TASC).
Usmg seoond graders in the natural settmg of school days. they fneasui-éd éom;ol

levels in the urine of subJeCts durmg two mormng hours on regular schoox days and




31

compated them Wrth levels on dav that achJevement test were admmrstered Rsults

showed 1o correlation with students answers in terms of accuracy. Children who

were shghtly above ai&éﬁge in mtel.hgenee and children wh'cs were low achievers

were found to have elevated comsol levels. The fact that no relattonslup was found

between the cﬁﬁdrens free cortrsol excretion levels and scores on the ?Agé may hE

attnbutable 7 the qustxonable accuracy of seIF reportmg in the case of the low
achiev(:ﬁ. The better students may have | percexved the unwrtance of optunal response

0 the situation of t&sts.

For participants in a study, Morris et al, (1981) selected TAQ items that comcen-

trated on Wdrry and Emotxonahty Normal class penods '.nd regular clasroom

of a normal class penod and four different times thereafter The process was
repeated dn u;t days After the pulse rates were taken students completed a modi-

fred TAQ wrth W and E components only Bmouonahty was pusmvely related to

form tu theory. self-reported pulse rates are suspect.

a study by ONeil et al: (1969) presents a strong argument agamst the above

mentioned generalrzatmns (Sxeber 1980' Holroyd & Appel; 1980) The methodoiogy

called for the use of the ST:H, A-State, in natural Gomputer—Assrsted lnstructron

(Ez‘d); After completmg difficult asmputer mstructxons, students responded to the

STAI and Systohc blood pressure (SBP) was obtained with a Baumanometer, Model

300. nié same p?dééduré followed an easy computer task Results of t-tests revealed

that A-State SCOTes were mgmflcantly lugher in the dtffrcult task penods and on eaiy

tasks were stgmfrcantly lower than the difficult task penod Furthermore; SBP

mcreased during dlfflcult and decreased dunng easy penods.




32

A relauonslnp was found between the psychometnc and physxologxcal aspects in

Deflmﬁons; iﬁeoﬁs; ané instruments vary however recumng themec of "what

anxxety does" to the test-anxious student dnrmmlte the hterature. Some general effecrs

of test anxiety have been cited to be as follows 1)testxngmmmmevokeboth

learned dnves and leamed annety dnves. Some anxxety dnves are task-relevant

whﬂe others are tuk- melevant EMandier & Saruon. 1952; Snrason; 1930- Wxne,

1971; 1980% 2) lugh test-anxious pbple are more lelf-preoccupxed and self- dissatisfied

than the low test-antious bidividuai (Sara.san. 1960)' 3) selffonen'ed, mtef-fenng Wor-

ry (cogmtxve) and affective Emotxonnhty (phynolognul) are both intrinsic to the phe-

nomenon 'o'f test innety (Laebert & Morns. 1967 prelberger. 1978. Defﬁnbacher.
1980).
The Liebert and Morris cbncepuon as refined by prelberger et al (1978) has

The theory has provxded the underpmnmg for chome of instrument and desgn in tlns
itild}".
aniy esubhshmg a correlation between the cogmtve and affective would hasten

measures for intervention in the telt-takmg process.
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’i‘he phenomenon of pmn is an odapuve mechamsm wtnch has a protect:ve func-

tion. However, it causes unpleasant SENSOTY and emotxona;l expenenos (Bevor 1984)

A traditional pmn management pracnce has been the use of morphme and other opi-

the dxsoovery of reoeptors which were spec:fxc for oplaues.

The direct demonstration of their existence was a difficult process (see Sunon,

cellular) ongxn. This unpomnt fact led scientists to beheve that the opiate receptors

were not prenent for the sole purpose of bmdmg piant—hke substnnws; A mmh

began for an endogenous lxgand “the bmdmg of wlnch was the rea.l reason for the
existence of the recepitor (Sunon. 1982. P 4)" ﬁé substance would have fuéﬁ affin-

1ty for the reoeptor and opnte-hke actzvxty Solenufxc surveys detenmned that no

known neurotnnnmtters and hormonee cou.d bxnd in that mnner ’erﬂ'ore inves-

ngators began proliing for a "natural” substance that serves as an endogenous hgand
A research team headed by Hughes (1975) was responsxble for the breakthrough.

. Cliiixeel pharmecologxeal bxoamys confirmed the presence of two pentnpeptides known

as meth:onme-enkephahn and leucxne-enkephahn w:t.h opute—hke act:vxty from porcme

brain. A year later, Guxllennn (1976) molated longer peptides called endorpluns:

These are the natural hgands that mimic morplnne in cxrcumstances of stress and

The analges:c action of B—endorphm is the subject of mterest and dxscusslon




in 1982. recombmant DNA techmqus udid neuroscientists to refine the classif-

cation oi‘ the endogenous oputes into three genetuzlly dmmct jmd’e ﬁrmh?s: 'lhé

ﬁ-endorphm /ACTH pfecumr (known s proop:omelanocomn PBMG) the enkephalin

precursor (known s proenkeplnhn or proenkephalin A), and the dynorphm/neo—

endorphin precursor (also known as prodynorphm or proenkephalm B) (A]ul et al,

1984) (see ﬁg. )3

A: POMC
o vea - - -
——t

8t Pro-ENKEPHALIN

C: Pro-DYNORPMIN

R B-NeoEND DYNA - OYNS
Signat W4, — 18 1131429 COOH
D— =

ﬁgm:_A Schematic nprecnt.xmn of— jarotem precursor fumhsL _Annual Review
of Neuroscience, -Vol. 7, 1984. Reproduced with permission of Annual
Reviews,Inc. 4139 El Camino Way. Palo Alw, CA, 94306.

. 3 Consideration will be confined to the peptides from POMC.

w BEST COPY AVAILABLE
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Bloom et al (1977) proposed that the location of POMC are in the intermediate

and anterxor lobs of the pmmxry gland Funher proof was obtamed when removal

of the pxttutary gland in expemnental ammals resulted in a reduced amount of plas-

ma ﬁ-endorphm and B-hpotropm uct.wmes (Guxl.lemm et al 1977 Ghaz.aroman et

al.. 1979) Furthermore. decreases ifi pltuwary Vel *ndorphm was followed by a

rec:prooa.l increas of tlns peptxde in blood (Guillemin et al; 1977; Holit et al; 1978).

There appear W be two cell groups that produce ﬁ-?ndorplun/ ACI'H pepudec.
The main oell group found in the region of the arcuate nucleus of the medis{ basal

hypothalamus. has fibers which project anc include muny areas of the hmb:c éyctem
nnd bmn stem. High leveli of opmte receptors have been found in the hmbne sys-

group, in the nucleus of the s solltzry tract and nucleus oommssuralis is not well

described in terms of its projectxons (Akﬂ et al. 1984)

Knowiedge of its ongm directs attention o ﬂ-endorphm as a modulator of the

POMC. as all precunors, are Eioiogmily modxfxed for use in tl:e system Post

translational prouessmg mvolv- cumng lpenﬁc peptxdes out of the pnecunor protem

methyhuon; giyeotylmon and further clexvage as purt of the bnologml program of

the cell. Akil et al.. (1984) explnned that post-translauonal events determine the

exact mix of peptides in a given neuron. They vary from tissue to tissue in §pxte

of thexr common ongm. The pemdes then uke on dxff?rmg potencxes, pharmaoolog1—

cal profxles and receptor oelectwmes. Tﬁey become crmeai in deterxmmng functmn

and constitute a crucial step in the regulatmn and homeostasxs of a given opxond sys-

tem in a pamcular regnon of the CNS (p 227)
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ﬂ-endorphm is cluved in vivo from ﬁ-hpotropm The main method of modxfx-

cation occurs by alpha-N- acetylat:on on the tyrosine snde (Flg 1)

The functxon of ﬁ-endorphm is nmn.ly mvolved in the stress response Alul et

al: (1985) found: (i) that the intermediate lobe releases its products (ome of Which is

N-&5- ﬁ-indorphm) ifito the Gloodstream more readily after repeated stress, (2) N-ac-
}é-e;xdorphm (1-31) accumulates with stress and appeius as the dom.mant form in

plasma. and (3) with repeated activation there is induction of bnesyntﬁsrs and accel-

eration of procmg
Sumlar to utetholemns, the endorphms may have a basxc mulnsystem function

essentla.l o the homeostasi

peptxde functxons as a hormone. ﬂ-endorphm would quahfy as such 1f it could be
shown that: (1) it is released rrom the pituitary gland by specific stimuli, (2) it is

transponed in blood, and (3) it acts on some distant txrget orgxn that is adequately

lensmve w the meentﬁtxons of free peptxde in blood wluch result from the apph-

cation of releasmg stimuli (Gox & Buzman; 1982. p. 145).

Pituitlry Relam 6f Beta%ndorphin
A lmhge in the neurcendocrine control mechanisms for the concomitant release

of ﬁ-endorphm and ACTH from the pmutary has been suggested ( Guﬂ:lemm et ai,.

1977 Wendemnann et al. 1979) ACI'H and ﬁ-endorphm are secreted in response to

known ACPH-reimmg stim:} such as merympone and hypoglycexma (Nakao et al,
1978; Wardlaw & Frrmz 1979).
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The role of the endogenous opxmd cystexn in re;;;onse m stress has been arefully

mvemgated. The mtermedmte lobe relesses its producm into the bloodstream more

readﬁy after repeated stress.
ln humns; it has been shown t.hat endorphms are secreted when subjected 0

mild stress (Boarder et al., 1982), pre-surgxeel (Miralles &t al., 1983) and surgical stress

(Cohen et al; 1981; 1983; DubBois et al, 1981; Hargreaves et al;1983), and durmg
preghancy and labor (Cahill & Akll, 1982). It was also found that the pain of

exercise may sttmuiate a general stress rési?m:me stmﬂar to the many and varied stim-

uh t.hat result in mcreesed gecretion of ACI'H/ ﬁ-endorphm into penphml and

venous blood. ThJs was ohlerved in tnmed mdxv:dua]s by easy and strenous runm;xg

(Colt et al, 1981; Farrell et al, 1982 Fraioli et al, 1980), and in untrained parucx-

pants (Gambert et al, 1981).

Adthough a cause and effcct relauoasﬁip between endorphm seczetxon and anai-

gesic response is not firmly established, findinﬁé such as these lend credibility to the

concept.

Betﬂndorphiﬁ in Blaid

ﬂiéﬁdorphm hes been obeerved in the plasma of humans. tﬁerefore confxrmmg

thnt its presence is nmot artifactual (Nakao et al; 1978; Wardlaw & Franz et al;

1979' Hollt et al 1979' Ghmrossxan et el 1980' erdemann et al 1983) Lyph

et ll.. (1983) du'ectly determmed end momtored 24-hour changs in ﬂ-endorphm

levels.

Tt:u:: process of detection of ﬁ-endorphm is sensitive and time- eonsummg
Before it can be measured, ﬂ-endorphm must be extracted from plasma. There are

several sophxsueeted methods employed for extraction however, two were cons:dered

for the study: use of siiicic acid and use of talc. Each has been well-documented

in the literature (see citations in (fhiptér ),
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3
in 1978, Suda et al: reponed that ﬂ-endorphm could pot be detectsd after an

extraction method usmg sxhcrc acrd and eluuon wrth acrd/acetone. However, rephcat—

ed studies have chnﬂenged this f"mdmg For examplq mnng silicic acid in the extrac-

tion procedure, Ia'rell et al., ( 1982) found incressed levels of ﬁ-endorphm after

treadmﬂl exercise in weH-tmned athletes and Gamhert et al, (1981) showed that

mild exercise revealed levels of ﬂ-endorphm in blood which were greater in men

queﬂ the eontroversy in the hterature concermng the cxistence of ﬂ-endnrphm in

the plnsntﬁ of nurrnil sub)eeﬁ Usmg the sxlrcrc acrd method of extractxon. they

obtained 1133 to 2167 pg/mi of Pendorphin in the. blood of healthy participants

under basehne conchtxons;

Repiited success with the talc extraction method also fefutes the Suda et al

study (1982). Levels of B-endorpmn were detected by Wardlaw & Franz (1979),
the mesn was 21 pg/ml. Inturissi et al, (1982) using ulc observed 30 pg/ml of

ﬂ-indemhn in blnod of psycfnatnc patxents. Furtiier confirmation of detected levels

were obtained by Colt et aL (1981) who found 176 pg/ml sfter an easy exercise Tun

and 280 pg/rnl fo]lowrng strenous actrvrty by well-tmned athletes.

It appears from the above results that &5&5@& is iuihentiﬁiiy fireient and
may be calculated after it has been extractsd onto silicic acid or talc.

ﬁee removed i'rnm phsmt. further brochenned proeednres are neeeesary o meas-

ure the levels of ,B:endorpmn present in blood. The Radrormmunoassay (RIA) tech-

mque hns been populanzed for measurement of optate peptrdes in l;!ﬁy fluids or

extmts; It bas been ealled a competmve proam bmdmg tethmque because it uses

radro- actrvely labeled hormone as the tracer and antisera (prepared agamst a spectflc

hormone) as a binding site. Competition betwe- uniabeled hormone in patrent (sub-
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jcts) sample and the added labeled hormone for a limited number of binding sites
forms the basis of the amay. For P-endorphin in general, the process involves

1. Recovenng serum B—indorphm from plasma (some use syntheuc) and puri-

fying it The P-endorphin is injected into a forexgn species (such as rabbit). This

stunulates the ptoduct:on of speuflc ant:bahs wlnch are recovered from blodd plas-

2. The iuﬁfieﬁ ﬁ-endorphm may be radiolabeled in the laboratory or pur-
chased. When labeled B—indorphn added to anu-endorphm (annbody) a revemble

oomplex is formed. The radxoactxv:ty of the eomplex can be measured.

complex some of the 'adwactxve endorplnn wﬂl be dxsplaced bv the unlabeled subs-

t The oomplex is then precxpxtated and its radxoacnvxty measured Standard

curves are constructed relatmg the amount of unlabeled hormone added to the loss of

ndwacuvxty on the complex.

A problem mhement in all RIA i8 that of crossreactions.  Since neuropeptxdes

generaiiy denve from post-tramlatxonal prooemng of pmtem precursors; a larger

crossreaction. lt:sunportanttonotethereforqthateverymﬁdependsonthespe-

cxficnty and aensiuvity of the antiserum (Ab) used and the pnnty and standards test-

ed for crossreactivity: ln tﬁe case of ﬂ-endorpﬁin research, this becomes ven more

critical. It appaus that ahy Ab rewgmzmg part of the ﬂ-endoxphm amino acid

sequence will also rwogmze ﬂihpotropm (l-'lg 5) Because of this phenomenon, it is

more accurate to refer to " B-endorphm- like xmmunoreactxvxty © the measured

ﬁ-endorphin in analyaxs. The term mphes crossreaction with ﬁ-hpotropm on a

molar basis.
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duced with special permission of the Publisher, Williams & Wilkins, 428
E. Preston St; Baltimore, MD 21201.

The intrinsic problem of cross-reactivity is prevalent in  PB-endorphin research.

The percentage is reported in majr studies It can range from 5% (Wikes et al,

1980 10-25 % (Colt et al, 1980; Hollt et al, 1979 Wardlaw & Franz, 1979; Intu-

thews et al, 1982). The A-endorphin antibody used in this study cros-resctid 36 %

with Biiporsopin (Tefoani o al, 1989

The isi\;ents'meﬁoh of crossreactivity figures in the varied accounts of baseline lev-

‘els of Pendorphin in the blood: Conflicting findings of “normal human plasma

levels” eﬁefﬁe. For eimpie. in a revised protocol from the Immunonuclear Corpora

tion (1980), the normal mean value of plasma A-endorphin is given as 2128 pg/ml.
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Hawever, there is nlso 50% crnlsracuvxty reportaﬂ Other studm mduzung the nor-

mal va]ues of npproxunatzly 20 pg/ml are: Hout et al. (1979) and Wardlaw &

Wilkes et al. (1980) desxgnited 113.00- 11500 pg/ml at 50 % and 5% mcuvny

respectively. A 100% crossreactivity yielded 1024.00 pg/rnl of ﬁ?endorphn in blood

of normal subp:ts (Ho et al; 1980).

Dsngmng prouiooli that measure ﬂ-indorphxn levels pre nnd post treatment

ipTeaE to be a common and perhaps circumvcntmg solution to tﬂe dzscrepanczes. Tﬁe

Mcl:aug&hn et al. (135(5) nrgue that no method of dmct measurement of

5-¢ndorp!nn in blood is available because of the shared amino acid aaquence of
ﬁ-‘endorphm vmh ﬁILPH, suggsung that the detection of such a peptxde requxrs
chromatograpmc characterization in conjunction with the use of Rh& (ﬁ. 288) While

this appurs to be tenable, Colt et al. (1981) found the reaovery of ﬁ-‘endomhm

and A-LPH from plasma averaged 75% after extraction and 68% after extraction and

chromnusgraphy. Mnny of the studies revxewed did not perfonn fonow-up chromato-

Though crcuretcnvxty and vmety of baseline level remain puzzies to be solved;

research on ﬂ:en" dm-phm detection in the blood continues to show progress.

rescarch is needed on this third criterion. Most reports claim vhat the posibie targets

of ﬁ-?ndomhn are yet unknown

Spec:fxc areas of opmte renearcﬁ such as consuminatory md ardxovmular respon-

gmromtsunal functions; erlﬂtDry effects; thermoregulmon. :nd 50 on are bemg
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conducted (see r revxew. Olson, 1983). Studies are mew and inconclusive. It is believed

thh some degree of certamty however. that the autonomic nervous sytem contams

endorphins (Schuitzﬁerg et al; 1978) and opioid receptors (Young et al, 1980). These
otservations pomt to a p'owerfi;. mle of the opnoxds in envuonmenta.l demands,

mcludmg phymeel and psychoiogxoai stress.

There is a compelling body of evidence linking the endogenous opioid,

ﬂ-éndoTpﬁxn to the EEuliﬁoi of re;;:onsxveness to pun. Pharmwlogwnl studies are
needed o determme the potentml chmcaJ usefulness of endorphms strong analgesm
thh hopefnlly low side effects.

The dxwovery of op:oxd re‘ceptors and of the endogenous oplold pepndes wluch are

hgands of the receptoxs hr.ve mflueneed studxes in the pun of surgery and the stress

of exercise. It appears that
Opxoids 108y - have evo1ved ‘more ooxnplex ,,;nd,,mtegm;ed fnneuons,

recrujting hxghér Jevehof tﬁe,,nenmsxm lervmg in the oontroi of

mfo)rmauon controlling attentional mechanisms (Akil et al, 1984 p-
235

A fceei point of this mvemgmon is to determine if ﬁ-endorplnn which is ele-

vated in the stress and pun of surgery and exercise wm mfleet sumlar behavxor in

the process of f:ltenng mformmon and controlhng attexmonal mechanisms in the

uhng prooenr. Smﬁc methods will be used to determime if the MCAT acti-

vates the xntermedute lobular cel]s of the pmutary to secret ieveis of B—endorphm

that are measurable and ngmfwant.



RESEHEH BESIGN m PR%EDURES

Procedures followed before, during and after data collection are discussed in this

chapter. Section one describes the popuizmon used in the study The npext section

haghhghts the characteristics of tiie instrument which has led to its selection 25 the

ﬁﬁéﬁaiﬁﬁi?ai assessment of test annety and how data were analyud Sect:on three
dxicusni the nm—mmpulxtai uutment ﬂm plnyad mle in detenmmng xf and to

what extent students test annety effected the outcome scores. Section four describes

B e i mee F e Sioes D ¥ Geaee @
p-endorphin from plasma and the rﬁ’:iimmm;"”"ua’oam"*'i techm”""'ciiie cbmisiet’e the ciiaiit’e'r.

The iast two methods of rescarch dmgn Were used to anaiyu pﬁys:ologxcai results.

I ':’;;:,: — :;;%

pmhubxhty mnphng of students who were scheduled to take the Medical
Collégi Ad:mmon Test (MCAT) a fiecessary component for adnusslon into médwil
;:ic;l; wes used in the study-: The purposxve mvmxgauon reqmred voiunteers.
These were solicited through pomted announcemes.s, school newspaper (Lantern), con-
tact thﬁ the §tanf ey H. Kafﬂ;;x Edueatmnai antcr (preparatnon program) and pre-
med honor u:xcty meetmgs vefore the target dﬁté of the MCAT:

involved. Snbpcts were notified about the time and place of subwquent data collec-

tion. Those Who igreed:’”' to iﬁrticiiﬁté received a tWéﬂti:dciii’r Eﬁtuits'.
- 43 -
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Seventeen pre—medxca.l etﬁdents; 11 male and 6 female, with a mean age of 21.5

agreed to parnc:pate. None had taken t.be MCAT prevxously All had equlva.lent to

thxrd-year undergnduau status. Six members of the group attended the Kaplan Edu-

cauonal prepmmon program.
The subpcts were t.beu' own controls; that is; data accumulated before the MGAT

were oompared thh post MCAT results: 1;1 ature reviews provxded baselme data

for serum ﬁ?endorphm and t.be TA] P*ofesnonal Manual (prelberger et al 1980)

Meetmg a vmety af criteria for the study. the T&t Anxiety 1 lnventory (TAD,

obtained from the Consnlnng Psyehologxsts Press, Inc. (Splelberger.l980) was used as

the paper- pencxl measure of test anxiety. It was developed to detertmne mdxvxdual

differences in test mx:ety as a sxtuauon-specxfxc ﬁéfsﬁﬁihfy trait. On this iﬁ?tﬁiﬁéﬁi;

dunng and after administs

The TAI my be’ glven mdxvxdunlly or in groups but is ilso desxgned for self-
idmimitrinon. Clint? of dxrecuons md t.be 8 to 10 minute time for execution
made xt sumble for the stuc:iy

The one-pege response form (Appendix A) consiets of 20 Objective items Which

are wexgﬁted on a sale of 1 to 4 The four choices are: (1) almost never, (2)

soixeilmé; (3) iﬁ'iei; and ‘(4) almost always. For enmple. in respondmg to item 3

Al items except the first follow this pattern of rsponse ln item number l "l feel
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annety wmle ’;a.lmest a.lways repracms low anxxety

A minimum TAI total score is 20 and the maxzimum is 80. The larﬁer scores

Spielberger's (1980) goa:ls in deveiopmg the TAl were: (1) o comstruct a bricf,

bopttxve. stlf ‘ep*ort sw.le that was hxghly oorrelated thh other measures of test

anxiety and (2) to employ factor miysxs t 1dentﬂ‘y subscales mmunng Worry and

Emonomhty as mapr components of test mnety (;: 2). Suhsala which measure
Worry (TAUW) and Emotionality (TAVE} sach comsist of eight items and therefore,

arewexghtedmarmgefromSto32. The items on the TA/W subscale are: 34

56711 17 ind20 TAI/Esubscaleltemsare. 2&9 1011 15 16 iﬁal8

On the TAI Tét Form thpendn A) items which repraent "Total” are those

waurﬁ Grefe noi ;:Ie;xrly factor malym znto Worry imd Emonomhty when the test

was dev:sed. The items are: l 12, 13, and 19 The wexghted values rmge from 4

to 16. These scores are combined With Worry and Emotwnahty to abmn a Grand

Tota.l TAI Total score. (W a.nd E oombmed scores = 63 Overal.l score t’or TAI -

Templates were provided to facilitste hand-éconng of Worry, Emotxonahty and
Total components.

The added dimension « of subsca.ls has helpad to charactenu the instrument as
"probably the strongest in its theoretical and peychometric development (DeVito,
1983)”




Normative data for the TAI is based on: college students (1,449 undergraduates:

654 males. 795 femals) mcommg freshmen (1 129 : 533 ﬁiiles, 596 emals) com-

mumt‘y oollege students (320' 136 males, 184 females), Etgh schoo! students (1,118

ninth - through twelfth - grade: 527 males, 591 females)* and Navy recruits (190

In the four ?aixfalé that included both sexes, the TAI Total SCOTES for females

were cons:stently 3 oS pomts lngher The femals also seored conslstently liigliéi'

on the Worry and Emouonallty subscales. Mean TA! Total scores for males across

all sumplé were s sumlar thh lngh school and Navy recruits scormg shghtly lngher

than the oollege sample. Tables of pereenttle were generated 'from the resultant

scores of the normative smnpies; These tables were consulted when analyzmg pre-

medwil smdent responses.

labilics
T est-retest rehabxhty eoeffncxents for the TAI total scores were derived from

idiﬁlﬁﬁtﬁﬁdﬁétﬁémmaeddrlngatwowmweektmepenw; Three inves-

ugatms were selectai to adrmmster the TAl to graduate students, college students and

lugh school i’tii’déiiti. Tune lapse and rtlu.nlty eoefficients are ir;e;xted in Table 15

The author attributes the drop in reliability of the high school group to the longer-

lape penod and also to a posmble clanfxcatxon of college and career plans made by

mdwxduai students.

‘ Students “were from the fgllowmge eaﬂege_- Dmvemty of South _ Flonda; mgh

school- Community College in Tampa Florida, and public high school- Jacksonville

and Pinellas County (St.Petersburg and Clenrwater). Florida.

5 All TAI tables _are - reproduoed by specul pemmon of the Pnﬁhsﬁer Consultmg

Psychologists Press; Inc; P.O. Box 60070, Palo Alw, CA 9436, from Manual for

the Test Anxjety Inventory by Charles D. Spielberger, 1980.
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Table 1

Investigator N Subjects Time Lapse R

A -31 Graduaté Studénts 2 weeks .80
B 159 College Students 3 weeks -80
c 42  H. S. Students 1 month .81

42 H. S. Students 6 months .62

The alpha coefficients for the five normative samples of: cbuege un’cieréraduats,

°°"°£= freahmen, commumty conege lngh school and Navy Tecruits evidence the

mtemal-eonmtency reha&hty of the TAl and its suhsede& Gompuwd by Kuder-

Richardson Formula 20, as modified by Cronbach (1951) the alphas for the TAl

Total scale were umform.ly hxgh for both males and femaies (92 or higher). The
median alphzs for the TAI/Worry and TAI/Emouonahty subsales, 88 and 90 mdx-

cate satlsfactory mternal consxstency for the 8-1tem subscales (prelberger et al, 1986

p. 8

;,,7, ::Zi z -

Gorreiatxons of the TA! ‘ih six other measures Eﬁ!.ﬁixig with the updated
Sarason's (1978) m (TAS) and Liebert and Morriss (1967) M

The relatively high correlations of the TAI scales with the WEQ Worry and

Emotxonahty scales sLzgest the concurrent vahdxty of the ’fﬁi 2s ; measure 8% test

annety Each TA: subscale was more hxghly correlated wrth its WEQ sutjieile

counterpart than thh other WEQ acales for males or females. These data provxde

evxdenee of tﬁe eoncurrent and dxmumuant vahdxty of the TAI/W suhwnle for both
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Males Females

(n=115) (n=185)
Measure TAI W E TAI W E
TAS .82 .79 .73 .83 .77 .69
WEQ-Worry .78 .74 .59 .69 .70 .58
VEQ-Emotionality .77 .71 .71 .85 .66 .84
STAI, A-Trait .5¢ .51 .46 .48 .49 .11
STAI, A-State .67 .54 .67 .34 .31 .28
Exam A-State .86 .70 .86 %7 .61 .76

equivxient for females.

“The moderate pesxtwe eorrehnons between the T{d xcales and the STAI A-Trait

and STAI and A—Stnte scales were generally lower than the arrrelaubns of the TAI

scales wrth other test annety measures. On the basxs of these correlatxons. the 'l‘zﬁd

can not be clasnfred as a measure of e:ther trnt or state anxrety Smce nexther of

these parameters were to be mvesugated in the study per g, it dxd not Elumnité tlié

instrument from eonmderatxon Further drrectmg the choice of this test was a study

by Thyer and Papsdorf (1982) who demonstrated discriminant and concurrent vahdrty

of two oommonly used measures of annety. one of wlnch was the TzH It was
concinded that the test

seems w possess sufficrently lugh discrimipant val;dxty o Justu‘y,,xts

continued use as a screening instrument for research purposes and as a
dependent variable in clinical outcome studies (p:1202).

The instrument was aiso correlated with messures of pemonahty. study skills,

inteuxgence. apt:tude measures and aendemxc aelnevement. Data resultmg from corre-
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lauons thh GPA are pertment to the study Table 3 reflects normmg student sam-

ple correhtxons thh GPA.

Males ?émaléé
Subjects N TAI W E N TAT ¥ E
GPA H. 5. 177 -.22 -.3¢ -.07 196 -.11 =-.21 -.02
GPA Goilege 1 115 -.31 -.47 -.13 185 -.18 -:35 .00
GPA College 2 445 -.12 -.17 -.07 538 -.12 -.21 - .05

Note: Table 3 is a portion of the one presented in the

a
manpual, p. 6.

There were neganve correlations between TAI Total and TAVW scales and the

GPA. Most of the correlations were statistically significant and were shghtly higher

for males. Gorreiatmns of GPAs with TAI/W were comnstentlv lngher than those

with the 1T TAI Totnl sci.le; however. the TAI/E subsﬁie and grades mentmlly dld not

correlate (prelberger 1986 P 6). These fmdmgs are consistent with tii’oée ’o’f: i;.ie-

bert and Morris (1967}

The characteristics just deacnbed contributed to the measure of APmeﬂﬂ‘enﬁ and

consequent seieetxon of the test for tlus study Researcl hsed rehabﬂ:ty and validity

of an instrument has the potennal to increase the crednbﬂny of resultant scores

denved f rom it.



__ - o
The New Medical College Admission Test (MCAT) which was demgned o evalu-

ate the quahty of acadethic preparauon for the study of medicine was used as the

treatment. The test was developed under the sponsrsrshlp of the Assocmuon of

American Medical Colleg& (AAMC) and is administered by the American GoHege

estxng Prngnm twice annually: sprmg and fall (lnterpretxve Manual, 1977): Medi-

cnl schocl admmmn uffieers usually suggest that the test is uken in the ealendar

year before the yeer in whxch eundndates want to enter medical school. Volunteer

Seoresonthesubaetsofchenewﬁééfhaveb?eniiie’dlﬁiiiﬁﬁtiéf

American and Canadian Medical Schools 2s ome of the criteria for selectmg apphcants

since 1978. MCAT scores an six subsets of assessment areas are provxded for each

eandndate. 'I'hey test understandmg of Science Knowie&ge. oniogy Ghennstry and

Phymes; Science Proble*ns; Slnlls Annlysxs: Rendmg and Skxlls Anilyns: Quantmuve

The MCAT takes one whole day to complete. Mormng sessions are divided into

the Se:enee Knowledge Subtest (135 minutes maximum) and Science Problems Subtest
(85 minutes). Fcllowmg a lunch break. afternoon sessions are devoted to skﬂls
Analyses: Readmg and Quantmnve (85 minutes each).

'I‘he;nresmrepnrtedonanle ranging from 115 thhthe mndarderrorof
measurement for eech subeet eeueulated as one aealed score point (Hom et al, 1985).

Because of the eomprehenmve assessment of abmty and endurance, the MCAT was
selected as the appropnate treastment to analyze test anxiety. Its mandatory nature
undemored the choice.

Assured of the provxsmns of the Buckley Amendment and the Rxght to anacy

Aet, students unammously sxgned authonzatxon for the release of their MCAT scores.
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Arranigement was made thh the College of Arts and Sinences o provxde rsults

when available u:1 excfmnge for individual perrmssxon shps.

lncluded on the releise form was hcense tu obtam the pnmcxpnnt Grade Pomt

Average (GPA) to date. Number and nature of Science courses (undergraduate and

graduam) that had been oompietzd prior to the MCAT were also verifxed (with ﬁer-

test anxiety affected the outcome:

The Medical édiieie Admission Test results were used as the indeifeﬁdem variable

tions: Biiéiiiﬁéﬁi with pre-medxcd stude~:: in veneral st.bstantmted the hkei:hood of
test anxiety at this time. Upon arrival, & -oasent form (Ap;!ndlx B) was carefully

reid and siﬁiied by mdxvxduals before mbmm“ ;; W the poject requxrements.

After partxcxpant.s compieted the 20-1tem o wtxv: TE %o denemnne their level of
test anxiety, a professional phlebotorsist Wickdri® 30 ml o blood into 2 = 15 ml

hepanmzed tubes: Sampies were transferred to 50 ml ooiypropyiene tubes contammg
3 ml Bacitracin (05%) a known anmtibivtic ke gz in“ibs | cowolysis and

Etﬁ?iEﬁ?diiéiibbiiﬁtﬁibéﬁb acid (EDTA) (80 mM}. un umcoagulant. Blood samples

were refngerated until centnfugation at 10,000 rpm at 4° C in a Sorvall Centrif iiée;
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The snpernatant plasma was transfenui to 15 m.l polypropylene tubes using dxsposable

polyethylene ( ﬂ-?ndorphm adheres to the surface of glass) pipettes. Plasma was

acidified with 0.5 mi 1IN HEl per 5 mi of plasma to fnrther inhibit protease activi-

ty. These ﬁmples were frozen at -70° C until the time of igﬁy6

Each of these procedures was repeated three days foﬂowmg the execution of the

MCAT examination. Tumng suggstui that scores on the paper—pencll instrument
would reflect a modification in test anxiety level.
Pharmokinetic studies indicate that. dnrmg the administration of dexamethasone

(0.5 mg 6 hourly for 238 hours) em.ogenous ,B:endorphm levels can fall sxgmfwantly

al. (1979) examined the effects on cancer piments who ware ngen §eVera1 doses of

ﬁfendorphm mtravenoualy and to one mtracerebroVentncularly They found that the

ﬂ-endorphm is rapxdiv cleared from human plasma (more slowly in the CSF}

lt was theonzed therefore, that blood le""il B—‘endorphm of test anxious subgects.

00, would show some eiiiiiié.

A hnhge in the neurcendocrine control mechanisws for the release of f"l'H and

ﬁ-endorphm has been suggened (Guxllexmn et al i§ﬁ Wl&iéiiiim'i et il.; l§5§§.

Condmons of siTess have been shown ao mduoe marked comsoi rises and increases in

plasma B—ennoro"" (Cohen et nl., 1983, DuFoxs et al 19.31 Mmles et al 1983)
: Havmg establisiics. (G'.n.mer H) that anxiety over test-taking situations may be

suffxcxently ltruful. it appﬂ ® thzt levels of ﬂ-endorph'x would be altered in the

penphem blood of pomapants sometm:e dur- g the test-takmg proeess.

6 The effects of f.aezm st v N,mg wers, invatxgated by lekes et al (1980)

who found that viic. pir.oc  hibitors ars used there apps::z to be no change
in the level of J-eudcrpain



Tube 1 was: treated with talc using the method described by Wardiaw &t . 379

53

Samplea had been collected and preserved as described previously.

Prior ie the actual extraction, it was necessary to choose a technique that Wbiiid .

yxeld maximum reoovery of ﬂ-endorphm from piasma: Two methods appearmg in

the literature have ben used with reasnnable success. One method uses procedures

mvolvmg the adsorpuon of ﬂfendorphm onto sﬂ:cxc aexd (Farrel al; 1982; Gam-

bert et al, 1981, Ghazarossian et ai; 1979; Ho et tl 1980; Hollt et al 1979 l..ypka

al..‘983 Mxrals, 1983) the other mvolves the use of talc (Colt et al., 1981 Intu-

rissi et al iééi; Nakao et al, 19‘78 Wardlaw et ai..1979)

In order to test for best rewvery. 47 ml of blood taken from a porinz" -lua-

teer was drawn into a 50 m.l pclypropylene tube oonmmng 3 mi bacx

After centni'ugatxon; 30 mi of supernamnt plasma was plwed in two ‘5

thh some mod:fxeatxons (Appendrx G} and tube 2 nhcrx; acid was added fonon-

ing the methods of Hollt (1979) with adapuon at the elution stage (Appendix D

,5::

The extncted pluma was subsequently subjected to radxormmunoassay (discussion
to follow). The 78% recovery of adsorbed ﬁ-endorpmn from talc compared to the

negljglble amount recovered froxn s1.hc1c acxd mde t!us the method of choice.

Radxommunoasay (RIA) was the technique used for the measurement of

;3-endorpinn in extracted pltema. The prm mvolves cnmpetmon between a radxola-
beled antigen (Ag") and its unlabeled coutiterpart (Ag) for binding to a limited

ameunt of specific antibody (Ab) (Felber, 1975): The reaction proceuis % equmbriurn,
thus we have:

Ag* + Ag + ZAB <> Ag* Ab + AgAb + Ag' + Ag
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The basic assumpnon is that the lsbeled 1 hormone will act in exactlv the same way

the unlabeled form and compete for the spec1f1c site on the antxbody Ahquots

standard ﬁ-endorpmn were incubated with a fixed amount of 125 I ("tracer” ).

Q,H

The fxxed amount of antxliidy and the mount of tracer bound to the antxbody

becomes mversely pmporuonal to the standard. I this studv, 125 | as used as the

labeled marker (Ag‘) or tracer substance to indicate the presence of ligand (Ag) or

ﬁ?ndorphm in mbjecti' blood. The amount of bound ﬁ:endomhm/ nubodj com-

piexes were precxpxtaeed. TBe gamma count of the prec:pxtate (due 7 traoer) 7as

inversely prcoomonnl to the concentration of the standard: A sundard curve was

produced. ﬁik;own concentrations o? ﬂ;endorphm were caic‘slawi (Beckmnn Appa-

ratus) by interpolation along the standard curve.

The specxf:c matermls dxscumed below are described in. Appendn E Al reagents

were prepared aoeordmw o 'Iijwam. et al. (i§§§1

specxfxe bmdmg affunty for it. Onoe the anuien is bound the nv:dxt'y or strength of

attaeh;:eut should be h:gh Bemdss avxdxty. the spectfxcnty is also a key desired fac-

greatly increases the bmdmg of labeled ﬂ-cndorphm w0 the s specxfxc annbody and

ificreases the sensmvxty of the assay (Guxllexmn et al 1977) The crossreacuv:ty of

ﬂ-endorp&m with ﬁl’;ToiEf)in which occured in the sample results was 36%

(Tejwam et al 1983. Vaswani, 1984).

The isotope 125 1 was used as the radiclabled antigen because of its high gamma

emmers: It hns a half-hfe of 60 days:
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The _gln_b,_g_i__agggL is known as the standard th;s non-radxoactwe hgand was

chemxmlly and mmunologmuy mdxsnngmsﬁabie from the radxoactxve wunterpan

The RIA buffer was prepared t epsure the mb:hty of all tle reagents.

Prepared as discussed in* Appendix E, charcoal dex

nonspecmc adsorptnon of the antxgen Coatmg it thh dextran crezted a moleoular

sieve that passed only unbisund anugen moleculs for retention by the charcoal

Tubes were labeled as indicstsd (Appendix P. The specific binding tube con-

tained all the teagents present in tﬁe standard tubes except stancard: These are

called iﬁe zero standard concentration tubes (Early et al., 1985) The non-specxf:c

bmdmg. or luank tube contuned all the reagents except antibody. It was used ©

iiétéi’iﬁiiié bmdmg not resultmg from the 5pet:1f1c anUgen-mubaly reacuon. Mmus

-the antxbody the tota.l tutz .eonmned only the total acuvxty reprwentanve of the

total actxv:ty nsed in mh assay tube. Control tubes contined 19 - 1000 pg of

anugen ‘I’ﬁcy were used to dctcrmme the precision of the assay.

A clibration curve was made by addmg a known amount of standard or unla-
beled Ag (10 ul of 1 g/ ml) to the 1000 e tube. After vortenng. 500 ul

were added to the 500 PR tube and so on until all tulié (19 - 1000) were serially

duuted. 'I’heae were mcubated for 24 hours at 4° C thh 100 m 6f aﬁmio’dy

(dilution 1: 4000) The fouowmg day. 100 ul of radicactive label (125 T was

added to every tube and incubated for 24 hours at 4% C. Onm day three, 500 ul of

charcoal solution were added to all except tube # 3, the Total tube. After centrific

gation the mpzrnatant bound pepndes were counted on the Becimann Gamma Instru-

ient thh errors of less than 5% at 95% confxdencc leVel

T
~
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Note: The mnples (subjects blood) which contained an unksown amount of nat-

ural (un.labled) anugen were med with the same amounts of mngen and antibody

as in the standmd curve nuxture; ti:e anugen-antxboﬂy cbmplex was separated and the

tauo of radxoactwrty was determmed when compared thh that of the onginai

amount of labeled nntrgen. The matio was exp-esed in a percenmge and when

féfér;réa % the calibration curve, gave the amount of unlabeled (natural) anugen in

Tﬁe curve fitter oomputer program generated values of percent bound of beta-

endorphm (Ag'/Ab) Usmg a loganthmc sulmg process, pomts were averaged and

smoothed by interpolating values from the fitted; standard curve.

Binding my Precinon

'I‘he detaﬂs of quahty-oontroi parameters of RIA's my be found in Chard (1978).

He suggests that standard curve statistics, that is "0 standard blank, rmd-pomt and

slope are appropnate measures on whxch to base internal quti:ty control.  For exam-

ple. Eﬁe zero standard and amy blank should nlways be noted. If they fall outsxde

lumm st “v previo ;”i.ii éxpincé tiiéti tiié fault must be :denttfled before fﬁﬁﬁéi

runs are performed: A common cause of deviation is the use of outdated tracer
wh:chmmsystemslads wafallmthezeromndard andmsometoasunu-

lataneous ificrease in the assay blank.

The commonest example of an mtercept on the standard curve is the midpoint.

This represents the standard dose at wlnch (percentage bound/percentage bound in "0"
standard) is equal to 05 (Chard, 1978, p. 215).

Cburd auuons thxt a sub?tantxal number of mys have to be done before there
is a fxrm burs for the analys:s. iié mé;t; that the variation may not be nermmy

distributed and that 1ogantimuc transformatxon may be necessary.
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When a number of asays have been performed, the mean and standard devia-
tions are calculated for the serial values. In Euﬁsuiueﬁi work any asay for which
the control resuit lies more than 2 standard deviations from the méan is ré)ectecl and

repeated. The aim of rejection is to eliminate outliers (Chard, 1978, p. 218).

Each of these criteria Wwere met in this study.

Experimental Error

Pamcxpmits’ blood was delivered into 2. 15 ml B’ecton Dickinson Vacutamer
(Rutherford. NI) hepanmzed tubes. Each of the tubes contents was transferred 10 a
s mi poiypropyiene tube which was aiready charged with 3 ml Bacitracin/EDTA.
The tranferral was done facﬂiﬁfe nandling of tubes for centrifugation and aspira-
tron. Winle care was taken in the transferraj proees, a xmnute amount of sample
blood adhered to the ongrm.l vucumners: The tubes are non-eahbrated therefore a
conservative estimate of the amount of resrdual bloed appeared to be less than 1.0
ml.

Fa.lcwmg eentnfugatxon (10000 x ) in Sorvall, the supernatant plasma was
preexpmted. Bupesable poiyetﬁylene p:pettes were used in this procas. An uvenge
of 15-17 ml of plmn was removed. The v:inety in amount is due to the individ-
ual's normal hematocrit Since B-endorphin is evenly distributed in the piasma, the
possibility of neglecting a decanted amount of Jendorphin per se was less than 1%

Thephsmn was frozen at -70° C until use.

Frezen phsma was thawed and 5 mi were removed from each sample in prepa-
ration for extracuon md RIA. The remmmng amount was refrozen. An Eppendorf

odating 1 ml was used five times t obtain the

idapter with a pipette fiﬁ :

amount necessary for extm:txon Relymg oa the efficiency of the instrument, pxpet-

ungerrorrsesumatedatlwthanl%

6
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The repeater plpette was used to assist the process of addmg antxgen, anubody,
buffer and charcoal to the tubes prepared for R].A Pxpettmg error is this case, is
prsumed to be less than 1 %.

It is important to note that while appropriate measures Were taken fo ensure
that simple technical erfors Were Teduced fo a minimum, experimental error in the
collection; transfer; extraction and RIA procedures should have no miore than S %.

Three extracnon/mndam curve and evaluation prdcédurés of saﬁfd& were con-
ducted. Each assay was calculated using a concurrently extracted standard curve.
In assuming that extracted ﬁ-endorphm behiaved like Sendorphin standard no cor-
rection was necessary for t.he effncnmﬁ of the extraction.

Data obtained will be *7lained s Cﬁipier v.

g;, = ':!' ,,;i ;Zi,

SPSS Progrm (Nxe et al; 1975) was used t ger.erate descnpnve statisticss means,
standard devimrsns and frequencm. Correlation coefficients and stepwxse mulupie
regrmon through the use of the SES Program (Nie et al; 1975) were used to

determine ?eiiiiéﬁiﬁiﬁ Béiiiééii iﬁﬂeixndeni and depe” pendent variiisiés’.

difficult process as the literature attests Wardlaw and Frantz (1979), Inturissi et
al. (1982) and Colt (1981) extracted ﬁ-?ndorphm onto talc (as was done in this
expenment) and reported 10-25% cromeacuvxty of the antisera with ﬁihpotropm
They pubhshed basal values for serum P-endorphin as 21 pg/mi. 30 pg/mi, and 176
pg/ml respectively. The latter réiiiilt occured after an easy run by well-trainsd ath-

letes with the level elevated to 28.0 pg/ml after a strenuous run.
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Based on these findings, an arbitrary serum A-endorphin value of less than 40

pg/ml is guardedly assigned as the normal, base level for presumable non-stressed
individuals.

Statistical data of A-endorphin (pg/ml) were subjicted 1 the SPSS Program (Nie

et al, 1975) for amalysis:

Pilot Sridy

A pilot study using pre-medical students (N = 5) was conducted under the same
circumstances as those described and using the Ic method of extraction. Three o
the five subjects had taken the MCAT previcusly. Results from these participants

confirmed the feasibility of the use of talc in amaying participants’ blood. Pre-MCAT

MCAT was correlated With scores from the TAI to determine the presence of a rela-
tionship between psychological and physiological factors:
Paper-pencil resuits from Pre to Post-MCAT showed £io significhant change. RIA

of blood samples indicated that serum B-¢ndorphin was elevated Pre-{CAT.

7 It is important t mention that none of the above studies differentiated between

male and female levels of serum A-endorphin. The same pattern of analyses was
employed in this investigation.
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RESULTS

Chapter IV is comprised of four sections. The first includes descriptive statistics
for all variables examined in the study. Section two contains analyses of correlation
coefficients betrween mdepindent and dep*end’eni varisbles. The degree of feiitiﬁﬁsiiipé
among MCAT scores as influenced by sets of TAI results and levels of B-endorphin
arc interpreted and discused: As an addendum to the explanation of findings, and
for the purposes of futiire research design, regression results and supplementary anal-
yses are in-'udod and dircussed. The last section deals with testing hypotheses of the

study.

SAMPL CHA®ACTERISTICS

Frequencies, Means and t-Tests were obtained for the TAI and serum
Bendorphin pre and post-MCAT in order o answer questions and iest hypotheses
concerning the satus of the subject of the study.

The sample consisted i 17 pre-Medical students. Characteristics are described in

Table 4.
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Sex Moan AGE Mean GPA
Males 11 22 3.47

Females 6 21 3.55

Total 17

Note: None had taken the MCAT previously. Six attended

the Kaplan preparation progranm.

The means and standard deviations of TAI acores pre and post-MCAT are found
in Tabie 5.

All participants completed the self-report instrument. the Test Anxiety Inventory
(TAI) before and after waking the Medical Coliege Admission Test (MCAT),

Mean values for thr Worry subecale were 1129 preMCAT and 1065 afier ihe
completion of the test. Norm values for Worry found in the TAI Professional Man:

ual (Spielberger, 19%0) placed participants in this study i the 39th percentile pre-

MCAT and and in the 34th percentile post-MCAT.

Emotionality scores reflected 8 mean of 1476 preMCAT and 1382 post-test
The test anxiety percentile tble identified subjects in the 36th percentile in the
Eﬁi’dﬁ’oniiitj' subscale pr?—MéA'f 'i‘EE Mean of 13.82 sﬁi-MCAT. compared to norm
sample means indicated that students were in the 35th percentile.

Total results preMCAT (Mean = 3353) when compared to noriis were in the

38th percentile of the test anxiety scale. A posta*wst value (Mean = 31.47) was

found in the 33th percentilé of norm samples.
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Table 5

M,,,, iﬁa o _ .. .- prc d o 7;—,:-,,,,7:,
TAI
Vorry Emotionality Total
N N 8D X §D M SD

Pre-MCAT 17 11.20 2.41 14.76 3.50 33.53 5.33
Post-MCAT 17 10.656 2.26 13.82 2.94  31.47 5.1

Note: Total score included & passible (16 points) from 4 items

which did not factor analyze into W or E, plus scores of
¥ and E subscales (32 points each). T (above) = a possible
80 points; the highest level on the test anxiety scale.

Wnth subscale valus less than the 40th percentxle on the scale of test annety,
pre-MCAT. On thc whole the students appeared to hnve low l.nncty r.lated to the
MCAT. This was also the case in pxlot study findings (Appendix G).

Student’s t-Tests were applied to obtain a ratio which' would determipe whether
the observed difference was sufficiently larger than a dxfference expected by chance.

Table 6 presents the d:fferenees between means of TAI before and aftcr the
MCAT.

Overall mean values of the subscales indicated that subjects, in general, did pot
appear to reflect high test anxiety iiéwévéi; there were decrements from pre to post-

MCAT.
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TAI Pre-MCAT Post -MCAT t-value Pe
X M sD N M §D

v 17 11.29 2.41 17 10.65 2.2¢ 1.89*  0.077
E 17 14.76 3.50 17 13 82 2.94  2.22** 0.041
T 17 33.53 5.33 17 31.47 5.13  4.03%*** 0.001
* p .10

**+ p «.05

**s p .01

Test anxiety results in terms of subscales sho'=>d that the the tvalue for Emo-
tionality (¢ = 232, df = 16} was significant at p < 05. Because upper scores were
mdwnnve of lngher mlety results migmed that students were more anXious before
taking the MCAT (Meati = 14.76) than after (Mean = 13.82) the test.

Testannoumeuwuexpraedmthemnnerofmpomontﬁepm-MeAT
Werry néms as the mean pre- test (11.29) was more elevated than the mean post-

compared to post-MCAT (Mean - 31.47) data were significant at the p <01 level.

~J/
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The statistical summary of means and standard deviations of serum J-endorphin

from three separate RIA's are presented in Table 7.

Table 7

S- 7d,,,,, oL L Za,,,j, PP

Pre-MCAT 12 52.08 5.95
POSt<MCAT 12 60.83 7.93

n = 12 cases, outliers removed

Note: b-endorphin = picograms/milliliter (pg/ml)

The means represent the sample "without outliers.” Subjcts whose values were

measures of serum J-endorphin Were necessary 1o test hypotheses.

Standard curves were conducted comcirrently With each asay. The internal

quality control criteria were met With each experiment as reflected in the midpoint
of the slopes (Appendix I). However, close examination of the three means (Appendix
3) revealed some spurious results which necessitated elimination.

Subjcts "B,” "G,” "L" "J," and "O,” were omitted because of questionable values

in one or more of the assays conducted. The calculation of the mean for each of

the participants resuited in prohibitive values (from the criteria specified) exceeding

|

\

\
~3.
o 3
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100 pg/mi Examination of Tables 28 and 29 in Appendix J will disclos the

approriateness of using the "Mean of Three Assays Without Outliers” for purposes of
Outliers consisted of 4 males and 1 female. TAI scores for these subjcts were

significant in the subscale of Emotionality (p <01) only, with elevation preMCAT.
The mean valuss obtained for the participants in this study, with the 36%

crossteactivity by the antisrum with ALPH was 5208 pg/ml preMCAT and
60.83 pg/ml postMCAT. Since 40 pg/ml had been cautiously designated s the base-
line level of P-endorphin, a Students t-test was applied to detérmine if mean levels
observed by subjects were aignificantly différent from thoss in published literature.

Results are found in Table 8.

Mean of Sample Baseline Mean® t-Test P

Pre-MCAT 52.08 40.00 1.23 0.179
POSt-MCAT 60.03 40.00 ~2.74 0.019**

* p75.05 Toc e

n = 12 cases;, outliers removed

Note: b-endorphin = picograms/milliliter (pg/ml)
: + Value assigned from published research.

These data appear to suggest vict individuals experienced moderate concern Over the

MCAT in general. And comtrary to pilot study results (Appendix G), the physic-

logical f:ii-iiiiéiéf of ﬁ-éndorphin of main study subjects is elevated post-MCAT.
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The mean difference betwean serum B-endorphis i- /2': g6 and post-MCAT may

be found in Table 9.

Pre-MCAT 12 52.08 9.59 -2.30* 0.042

Post-MCAT 12 60.83 7.30

* pe«€6 .
n = 12 cases, outliers removed

Serum  fendorphin values obtained after completion of the MCAT were signifi-
cant as seen by the t value at the 05 level (¢t = 230, df = 11). The neganive
attribute underscores the fact that the A-endorphin was elevated after the MCAT
enmmiuen

Paper-pencil results, unlike those of serum B-endorphin reflect higher anxiety
pre-MCAT. Hence, there is a difference in the test as measured by the TAI (higive

test).
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Pre»MCAT coefficients for the TAI subscales. B-endorphin and GPA are presented

in Table 10.

Table 10

Worry Emotionality Total PRESAM GPA
(W) (B) (1)
v 1.000
E -0.08%78 1.000
T 0.208% 0.880%*** 1.000
PRESAM 0.398°  -0.068P 0.150® 1.000 ©0.088
GPA  -0.307%  -0.353%  -0.4v2%" o0.086® 1.000
* p «.10
£ 3% P ¢ 01 -
. ane- 17 cases
bn= 12 Ccagee, eutliers remaved

PRESA& = b-andorphin values before MCAT .
Note: BSelected variables are included in this table.
4 complete correlation matrix is in Appendix L.
A iiighiy mgmfwanr correlation was found between Emotionality and Total (r =
880, p <O1).
The significant correlation between Total and GPA suggested that when GPA was

i:igix. Total test anxiety as measured ‘by the TAl was low.
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The negative coefficients in Table 10 between Emotionality and Worry, PRESAM

( pendorphin) and Emotionality, GPA and Worry, GPA and Emotionality were

below the .48 level needed to approach slgmflcimee W:th a sample of 17 with a 5%

chance ef statxsncal error (.57 is needed for significance with a smnple of 12). The

negauve ngns however dxd unply inverse relatmnshxps. There were posmve correla-

tions between PRESAM and Worry (which approached significance) and PRESAM and
Total:

Table 11 presents the correlational results of the Worry, Emotionality, Total,

B-endorphin and GPA parameters post-MCAT.

Table 11

Worry Emotionality  Total  POSTSAM GPA
(W) (B) (1)
v 1.000
B 0.140% 1.000
T 0.5818"*  0.843%""" 1.000
POSTSAM O. 0989 -0.288P 0.200% 1.000 0.464
GPA _0.320%  -0.438%  -0.486%'° 0.464® 1.000
™ 5 05 —
2*% p .01
anm= }7 cases -
b n = 12 cases; outliers removed -
POSTSAM = b-endorphin valuas after HCAT;




69

Sex variables were not significant; therefore aré not reported in this table. They
are included in the overall r'itrix in Appendix L.

Correlation of Total and Fmotiomality was again highly significant (r = 843, p
<01) after completion of the examination. The relationship berween Total and Worry
was significant p&i—HCAT;

Correlations betwesn GPA and TAI Total pre and post-MCAT (see Tables 10 and
the norm samples. In this siudy, GPA bad a stronger correlations with Emo*iionaiiiy
than did the norm smples (s Chapter 3). Post-MCAT P-endorphin and GPA had

a stronger positive correlation than pre MCAT and approached the p <05 level of

siﬁniﬁcanc'e.

Pre and post-MCAT data for Correlations :° TAI subscales, GPA, and f-endorphin

with performance are presented in Tables i2 and 13.
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Table 12

Wworry Emotionality Total GPA  b-endorphin
(w) (E) (1) PRESAM

E -0.087 1.000
T 0.298 0.880%**  1.000

GPA  -0.307  -0.353 -0.472*  1.000 0.088
S oo
BIO ~0.391  -0.613***  -0.793%*** 0.578%%  -0.355
CHEM  -0.491** -0.401 -0.671%** 0O

PHY -0.386  -0.378 . -0.567** 0.372 0.188

SPROB  -0.589%* -0.269 -0.8563%% 0.715%%* -0.509*
READ -0.432* =0.415* =0.602** 0.503** =0.040
QUAN -0.380 -0.172 -0.408 0.325 -0.045

L J
sy

5% T
s

gd

~ ~ ~ 1
O
7

Note: TAI and MCAT scores = 17 cases. ,
b-endorphin and MCAT scores = 12 cases, outliers removed.
GPA Correlations with MCAT

Overall patterns show that GPA correlations found in Tables 12 and 13 were all
poimve with high ingmfmnce for Biology (r = 578, p <05), Chemxstry (r = 659, p
<01), Science Problems (r= .715, p <01), and Reading (f = .503, p <OS).
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Table 13

Worry Emotionality Total GPA  b-endorphisn
(W) (E) (?) POSTSAM

=
-
h .011
Q.
o

E 0.140 1.000
T 0.581  0.843+%*  1.000

B1O -0.880%* -0.640%** -0.831°%%**

).578**  -0.088

0
CHEM = ;88 -0.403 -0.B800** 0.659*** 0.424
PHY ~-0.261 -6;356 -0.526** 6.3?5 6.6%1

SPROB  =0.51&%* =0.308 -0.581** 0.715%*** Q.182
0.371 0.466 0.8 0.503** -0.192

QUAN  -0.446* -0.163 -0.414*  0.325 0.180

A~ ~
-
o

* |
. »

»

»
oA -]
[«

s ]

-z ; isgl, - -t - - o . L
Note: TAI and MCAT scores =- 17 cases. . ..
b-endorphin and MCAT scores = 12 cases, outliers removed

Subjcts with high GPA’ performed bevier in all subset aras especially € ones
indicated: The correlation of GPA with- subscales of the TAI. were all neganve sig-
nificance was attained between GPA and Total score pre and post-MCAT suggesting a

logical pattern: high GPA, less test anxiety pre and post-MCAT.
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TAI Subscaic Correlations with MCAT

A general outzome of the MSAI minnons of TAI subsmles thh periorm-

ance mdwated all segative eorrelatxons w:th the subject areas. The inverse relatxon-

slnpi Euggéited that with: lower Wo'ry there was higher performance in all subsets;

lower Emotionalicy (not as strong as Worry) hlgher performance in all; lower Total

score (lower anxxety) lngher performance in all

ngmf:ea.nt correlations were observed between Worry and Ghennstxy (r = 491 P

< 05) Wcrry and Science Problems (r = .589 p <.05), Wor*y and Readxng (r = 432

p <.10) Students thh course content backgrounds mdxeatr’ 135 will be seen later)

were low: The correlation between Emotionality and Blology wwas highly sngmflcant
r = -.613 P <01). As in the Worry results, Ree.dme surfaoed as a correlate with
Emotlonahty (r - -415 P <.16)

All -Total sc score , coefficients were negauVe, wnth 5 of 6 subset areas bemg hlgi'ly

sxgmfwant and the Gth, Quantmatxve, also app"oached sxgmfxeance. The EEgaiiiié cor-

relations indicate that students with lugher MCAT scores had less test anxiety as
(measur v the TAD than those who had lower MCAT scotes.

E L T data demonstrated a change in profile of test anxiety subscales as
related to performs-..> Results of the TAI indicated Significance between Worry and

ﬁxolo’gy ¢ = Ijﬁf} P <08), Worry end Science Problems (r = -515; p <05), Worry

The correlation between Emouonahty anc B;r)logy reme.med ingitly sxgmﬁcant (r

- -640. p <01). The Emotionality - Readxmz relatxonslnp (r = -466, p <10) centin-

ued to reflect 2 negatiVe relatxonslnp between the 'I‘AI and MCAT

Emmiotionality was fughiy correlated with Biology (p <01) pre and post-MCAT

sugge;ttng unnety over the subset area. 'I’he relatxonshxp between Emouonahty and
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Readmg increased in strength from preoMCAT (r= -415) ® ri:ét—MCAT (r= -466"

whxch mmuted an association pciinbly ‘il Gue to chance.

The correlanons of ptnt—MCAT T&l Totai score measures cf tst armety w1th the

MEAT subsets w»i-e all s;gmfxennt The negauve coeffments suggested that lower

MCAT

Serum Beta én&arishin Correlations with MCAT
An analysis of Table 12 for E&; M; :@5: 71: ﬂ-éﬁ&&iﬁhm results pomts to ngmfx-

cance between PRESAM and Chemist (r - -.525 p <10) and PR.ESAM with Science

Problems (r = -.509, P <10). With the exception of Reading, the same correlations

were evident (with lnghet ngmflcnnu) between Worry and the cm'mpondmg subsets.

The lughex the test anxie:y (elevated ﬂ-endorphm} u}E greater the possible negéiive

effect or performanee in the .areas of Ghennstry and Scxence Problems.

EGI_MS..AI serum ﬁ?endorphm (Table 13 ) mults showed no sxgmﬁcant corre-

1ations.

Students were uked to md:eete the nmnbei' nndergmduate (1) and gnduate

(2) courses completed by them: Cahng the subject aress as shown in Tabies 14 and
15 facthtated the arrangement of the c..rreht:on é&i;nm program.

The Totd Science (TS1 and TS2) demgnatwn meorpontes all courses that may

overlnp lreus; such as Genetxes and chrobnlogy in onlogy Quantxtetxve and Readmg

scores were not mcluded Eeeuse there were no courses that treated them as such

Table 14 descnbes the relmonslnp between TAJ and related science courses pre

and poetZMCAT.
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Funber of Worry Emotionality Total
Courses —

PREW ___ POSTW PREE _ POSTE PRET __ POSTT

.340 -0.20Y  -0.147 -0.066

-0.213 -0.188 -0.121

Bio=TB1  0.355 0.190
Bio=TB2 -0.2i0 -O.

=t
[<o 2
o
|

.052
.321

(o]
(02}
V)
|
o 000
(W]
(o))
o

:128 0.141

Chem=TC1 -0:260 -0:116  0:317 128 0:14
;367 -0:241

Chem=TC2 -0.301 -0.250 -0.259 -

(o R o BY

Phys=TP1 -0.073 234 0.302 0.183 0.199 0.242

0.
Phys=TP2 0.000 0.000 000  0.000 0.000

114
190

iéiiéi ;iéé '§:§§i
.288 70;231

TS=TS2  -O.

(o]
(o]
(o]
00 OOl
00 00 OO

N
()]
(o))
|
00
-
N
(@
|

n = 17 cases

Note: 1 § 2 = Undergradvate, Graduate courses respectively.

TAI Subscale Correlations with Number of Courses

No s ant. corrlations wer: detectad berween TAI sabcale reults and. mumer

of courses taken pre or post-MCAT (see Table 14).

Serum Beta-endorphin Correlations with Number of Courses
Table 15 synthesizes correlational results of serum Jendorphin and related sci-

ence courses pre and post-MCAT.
Pre-MCAT findings for serum A-endorphin and undergraduzte Biology (r = 651,
p <05) were significant at p < .05 level. Participants with moté undergraduate Biol-

Ogy courses appea red to be more test anxious as indicated by elevated J-endorphin:

86



Table 13

ﬁﬁiﬁéi;Bf b—endorphin

Courses e R
PRESAM POSTSAM

Bio=TB1 0.651%* -0.303

Bio=TB2 0.298 0.225

Chem=TC1 =D0.517* -0.046

Chem=TC2 0.11% -0.605*+*

Phys=-TP1 -0.061 0.073

Phys=TP2 0.900 0.00C

rs-51 0576 0400

TS=T82 0.299 0.041

* D <.1C

**  pe«.O5.

n = 12 cases, outiiers removad

Note: 1 & 2 = Undérgraduate Graduate courses respeetively

This was also the case with Total Sciezt: ww.ies at the undergraduate level (r =
574, p <05).

The iegauve attribute attached to the correlation between undergraduate Chemis-

try (TCI) courset and serum ﬁ-ﬁﬂo?pfnﬁ level r = -517;, p <10) pre—MCAT may

be mterp‘-etad as the gmter number of undergﬂduaa Chemxstry courses, the lower

the serum ﬁ-?ndorphm level and less physxoiogmi stress.

ﬂ-endorphm r = -.605 p < 05) related that students who were more prcpared in :he

subpct area were probably less stressed physxolopcaﬂy #fter the exnmmatxon
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correlations thh number of coursess Table 15 uggested that students with under-

Chem:stry courses pre-MCAT had les wst-anxxety

Fest-MCAT data show that more graduate courses in Chetmstrv apparently

reduced stras after takmg t.he test.

Th:s section conﬁders xdentxfymg sxgmf:cant predxctor vambles that relate 0 the

GPA, ard nature and number of eonm were pei-:mtted &access 2§ p.ed:ctor variables.

'I‘he purpose :sf tlns prooeduze was o further quahfy relatmnslups, 1denufy the vari-

d Touu as composlts, the regression analysxs program (N:e et al 1575) was

amgedmeneermhoftheZOmemsmastepwmefashmnwdmrmmethebst

test anxiety (TAI items, f-éndorphin, and other) predictors of performance in the

suﬁpct area.
Cud fdr the vanables in Tables 16-20 raemble those almdy descnbed in the
correlmon matrices. lndxvxdual items on the Tkl are des:gnated 2s PREV because

they reprsent vamble scores before talung the MCAT
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Subpcts with unaccepnble serum ﬁ-endorphm values (5) were removed from

these anaiys& Post dntn were not cons:dered in the pred:cnve anaiysxs

Table 16 presents tlié i-i:iili’s of regrssxon anaiys:s with MCAT onlogy used as

the dependent variable. The progm.'n that was uned s‘topped entry when no item had

vii-iiiie !ultiple R R2 Beta F(1,10) P
PREV 9  0.607 0.369  -0.607 5.840 = .036**
(B)

*v p <.05 - —
ns= 12 cases. outliers removed

One 1m item entered the stcpwm Innlysxs as a v’mﬁant prednctor

ef Biéi'oii &negonzed as an Emovons.. ipression, PREV 9 reids  "Even when
I'm well—preplred for a test, l feel very nervous about it” The negmve Beu mdn-

cated that students neiectmg this item had lbwer scores on the MCA'I;-Bmlogy vari-

able;

Pre and postNCAT Emouonthty was xnveﬂelv correlated with onlogy (see

Appendix L). The ltrong ngmf:mce of PREV 9 unphed that this item may have
played a mjor role in thnt relntxons!i:p

‘ﬁble 17 preaent.s Tesutts v?hen Chennit.w was ueed as the dependent vambl ati

predmor vnrubles renmned unchnng:d
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;i‘aiiie 17

Varisble Mui-imis . B peta  F(1,10) p «

Prey 156  0.547 G.418  -0.647  7.181 .023%*
(B)

PRESAN  0.891 0.794  -0.726  17.312  .COD%**
** p .05 ’ -

s¥s p .01

5 = 12 cases. outlisrs removed

The stmngest smgle vamb1e was PREV 15: *1 feel very pnmcky when l take

an xmportint tesc As an Emononzhty jtem wnth a negatnve Beta. the entry of the

vartable suggested that hxgher wst anxiety (autonomic arousal) may Bave influencad

PRESAM appeared as t.he second predtctor vanable for Chexmstry and added to

the i?iﬁiﬁée of PREV 15. The two variables together accounted for 79 % of the

variance; thxs is & lngh exphnned variance f’or two vambles. Students el t*nf the

1tem (PREV 15) and thooe with lugh pre-MCAT B-endorphin had lower Chea

.

Physws. entered as the criterion variable with the same predxctoxs, is found in

ﬁsie iéf

work at a test tﬁe more confused l get. Together these accounted for 67 percent of

the variance expluned in predir tmg performance in Phyms.
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Table 18

variable Multiple R  RZ Beta  F(1,10) p ¢

Prev 2  0.695 0.483  -0.695 9.336  .012**
(E)

Prey 6  0.819 0.671  -0.638  9.180  .006%**
()

B2 0.901 0.82¢  -0.638  12.508  .002%%*

(G-B10)

PRESAM  0.952 0.906  -0.649  16.813  .001***

= p .05

b p;f(.Ql L Dl L. =

n - 12 cases; outliers removed

TB2 contributed to the ii’redii:tiéh of ife’i-fox"mce in Physxcs. The pnonty entrv

is pmsxbly due to ti:e umqueness of the sample

PRESAM sccounted for ngmfncanee ( 8 d)l) as 2 predxctor of l:’txymcs and together

with the above mentioned variables accounted for 90 percent of the ?ri?iiﬁé in the

criterion variable; this is a h.tgh amoust - expluned variance.

M(.{'V‘-Scxenee Woblems was entered into the regressxon equmon as tiie dependent

varisble (Table 19) in effort w decermine which variables would effect the oiiii:énie’

GPA (p <.05) and PRESAM (p <.01) were the best p'ednctm's of performnnce in the

subs: . of Science Problems on the MCAT: The p'mtxve Beta suggeswd that the lngb~

er the GPA and serum ﬁ:er \orphm values pre-MCAT the better the performar in’



Variable Multiple R  R2 Beta P(1,10) v

R Lo m—t

Ggpat 0.620 0.385 L 921 6.270 .031%*
PRESAM 0.840 0.705 0.671 10.792 .004**+*

** p .05
LR R J P <Lt

-3

Note:GPA <«iue is for n = 12; Tables 12 and 13 n = 1

Table 26

variable Multiple R  RZ Beta F(1,10) P <

Preg a o.787 0.618  -0.787  16.260 .002
(w

Prev 13  0.881 0.777  =C.327  15.686 .0u

i iii; Eei o oo DL ol
12 cages, outliers removed

ltem 4 & Worry item wates : "I freeze up on imporuant exams” PREV 13 on

the other band is an item in the "Toul” category, “During imporaant ws 1 am s0

tense my stomach gets upeet” A correlation between Reading and Worry was sig-

nificant (p <10) as indiceted in Table 16. The significance of item 4 (p <01 in the

regresion analysis (p <O1) possibly accounted for much of the relationship that

occured.

W
oo




No t;xdé;;;:dé;t vari« w4 soed the stepwxse regrmsn n analysxs t0 predxct per—

formana in qunuumve skms:

Due to physxologal mtzrat suplemenmry mai’c.u were conducted to mvsngatc
the unpact af ﬂfendorphm on test tahng and paper—rencﬂ measures On ust—takmg.

Uf»per and lower PRESAM were examined (Appendix K) to determine if levels of

serum ﬁ-iﬂdﬁf?iiiﬁwoﬂdrdaxmmewhowm“womem or those who had a

tendency t become "emotionally, avtomomically aroused” No conclusive patiern

‘Upper and lower ﬁ-indorph:n vilits (PRESAM) were comparsd to WOPFy 800res

pze-b"‘k’f to determine if there was an xmphed influence of onme on the other, that

is to see if high PRESAM levei were associsted with low Worry scores and low

PﬁESAM ’Vi’kﬁé were associated vnth li:gh Worry scores and if tho-e presumable
mopposite” relationships effected better MCAT results. No pattern on PRESAM or no
difference on tests was éiritiéﬁt.

A similar comptmon was made with Emotxomhty ucores; PRESAM and MCAT

Te.: inxms' s maiured by the TAI subscales (Worry Emouonah;y. and Total)
will te significantly elevated as a result of s:ress associated with the MCAT-test:

a. Pre-MCAT.
b Post-MCAT.
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Pre-MCAT w amnety level as measured by the TAI in general. was below the

ZIOth percenn]e range of norm samples lxsted in the TAI memonal Maﬁual there-

fore. the students did not appear 0 be unduiy strssed ﬂowever. the vaiues of
subscales were higher than the standard error of the instrument and evidenced decre-

irents from pre t6 post-MCAT in the subscales. Hypothesis 1 is supported.

Hypothesis 2
Test anxiety as measured by serum pB-endorphin will be significantly elevated as

a muit of the str& associated thh ti:e MCAT

a PreMCAT.
b. Post-MCAT.

The 40 pg/ml criterior from published literature for normal, non-stressed indi-

vxduais, indicated that pari: panus were moaerateiy scressed pre-MGAT
Post-MCAT RIA data am only were sxgmf lcantly dxfferent f rom the normal val-
ues specxfxed but shov,ﬁd an increase from pre-MCAT levels. Pre and post-‘VlGAT

resnlts support Hypothsm 2.

Test mxxety as measured by TAI (Worry Emotxonahty. Tota.l) wm b s;gmf i-
cantly related to subset scores of the MCAT- Biology, Chemistry, Physics, Science
Problems, Reading and Quantitative:

a. Pre-MCAT.

b:  Post-MCAT:

lBrE-MéAi' TAI data (Table 12) showed negatlve correlations with the MCAT
SCOTeS. Total Score wh.lch mmrporates Worry and Emotxonahty was s:gmfncant thh

all subset areas except Quantxtatxve Regrmon Tables 16 17 i8 and 20, indicated

that selected 1tems from the TAI showed sxgmfu:ant predtction and accnurted for a
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substantml amount of the vartance of N‘CAT subset area scores. Since tbe Beta was

egatwe, th.xs mdlcated that hxgher scores in TAI resulted in lower MC‘ :T scores.

On this basis, Hypothesrs 3 is supported wuh a s:gnmcant negauve relanonslnp

TA.I 'I‘otal scores for post-MCAT data were mgmﬂcantly correlated with the six

subset areas. Hypothaxs 3 is strongly supported

o Tmmmety as meaured by serum - Blendorphm wm be s1gmf:cantly related to

subset_scores of the MCAT- Biology, Chemistry, Physics, Science Problems; Reading
and Quantitative: .
a. Pro-MCAT.

o 1CAT

Pre-MCAT data found in Table 12 indicated that all areas except Physm % e

neganveiy correlated wzth serum ﬁ-cnoorphm Th1s mem"\ that the h1gher the

ﬂ-endorphm levei the lower tbe scores on the subset areas. Significance was noted in

Chezmstry and Scxenoe Problems wmch ind ted that pamclpants Wltl: .Aghu

ﬂ-endorphm values scored lower in ehexmstrv and Sc:ence Problems. The correlation

between Blology and Bfendorphm approached sxgmfmnce Regresnon Tabls 17 18.

and 19 indicated that serum ;3-endorpﬁon showed sxgmf.mnt predxctmn and accounted

for a sumnmu mount of the variance of MCAT subset area scores Smce the Beta

was ﬁégauvé (Tables 17 and 18), higher leveis of [-endorphin indicated lower

MCAT scores. ‘l'able 19 had a posmve Beta. Pre-MCAT results support Hypotﬁes:s 4.

’féb’ié i3 réi?éii’&i tiiit corr .70 - “Veen ,’i—?ndorphm and the MCAT subsets

were mostly posttxw }hghéi 4 f—cndorp!m: are related to tngﬁer MEAT
scoies in all ar. .3 exeept Bmlogy and Peadmg, two areas wluch len:: support w0

Hsiétﬁésis a



nificantly rela;ed to serum ﬂ-endorphm
a. Pre-MCAT.
b. Post-MCAT.

PreMCAT daa found in Table 12 suggesied a mixed relationship. Serum

P-endorphin a and Worry approached sxgmﬁcance

Post-MGAT data indicate; all posmve correlations. Based o on the data Hypoﬂreﬁrs
5 is not supported Trend Gata mchcate posmve correlatxons thh the exceptxon of

pre~Worry

ii _ :ﬁ,:: i: —e_ ':E

BPA will_be :LsngmfxcanL premctornf MGﬁT scores.

a. GPA_will be significantly related to TAI (Worry, Emotxonahty,

. _Total) results. .

v. GPA will -be- s:gmfxmtlx relatad to serum B-?ndorphm
(Pre—MCAT) (PQEt:MCAT),, . _

Tabls 12 and 13 showed that GPA is mvexsely relates' % Tﬁ scores. This

mdu:atcd thnt subpcts with h:gh GPA had low TAI SCOTES and hcnce. low paper-

MCAT (p <10);, Total and GPA post MCAT (p <;05} The negatxve correlations indi-

cated that when GPA was loW self- remrted test anxiety was hxgh Tlns pattern

supports Hypothans 6

logmal pat‘:em was deteeted Serum ﬂ-endorphm level corr;lanons with GPA were

non—s:gmfxcant Pre and Post-MCAT results were posmve with POSTSAM app‘mchmg

sxgmfxcance. ngh GPA thh lugher serum ﬁ-’endorphm suggests tugh GPA students



were more étfe?aiid as measured physnologxcally after testing than before. This how-

evei, was not apt to mfluence st performance;

The stgmfxcant. posmve oorrelauons of GPA wzth all subset areas except Phy;r;.

mdrcate that GPA was a srgnﬂ'xcan’ vanable and predlctor of MCAT performance.

Hypothesxs 6§ is supported.

Number and nature. of _scjence courses wrll be sxgn:fmndy related 0 test anxxety
a. Content of total science courses will be related

o TAL B
b. Gontent or total science courses wrll be related

o serum [S-endorphin

Pre ;55 Post-MeAT correlations between TAI and Scrence courses, found in 'I‘able

ll had no sngmfxeant relmonshxps: This suggem:ed that nature and number of courses

taken in preparatron were not related to selr reported test anxlety Part 1 of

Hypotheexs 6 was not supported:

s:gmn&ii; in u;deréruduate Btoiogy a.nd Tctal Sc1enoe (p <.05) The posmve nature

mdunted that students wrth more undergraduate preparatron had a ingher level of

stress. Gﬁennstry on the other hand. was negatlvely correlated. Students thh more

undergraduate Chemrstry courses had lower stress.
PostMCAT date revealed a srgmfrmt negauve correlanon with Tcz graduate

level Chermstry Serum B—endorphm results support Hypothes:s 7.



CHAP’I’ERV

SYNTHESIS CONCLUSIONS A:ND RBCOMMENDATIONS

Statlstxcal anzlyses of test anxxety as measured by the TA] and twt anxiety as

meas'u'ed by serum ﬂ-endorplun were conducted in tlns mvesttgatxon The study

was undertaken because literature wh.xch is avaxlable on test anxxety and its negatzve

effect on acluevement hns not considered the association 6f serum ﬁ-e'nd’o'i‘ph’im the

Eodys endogenous optate. w1th evaluatxon m ’I'h- present study attempted t0

detenmne 1f test annety. thh its subseale components Worry and Emotmnnhty,

tmly mamfsted in pre-medical students as a result of the eorn;ctmve event of the

Medical College Admission Test (MCAT) and 1f B-’-endorphm sumlnrly responds w0

that type of sxtuauonnl streis An unportant aépt,ct of the analyses was to determine

if test anxiety is mversely related to performance.

Correlattonnl and muinple correlational studies are a fust step in tlns line of

mvestxgauon. if rephamve fmdmgs occur then cansai-oomparatxve renearch through

mterventxon measure to assnage anxxety in the tst—tahng procss in order to effect

opttmal ””” perfurmanee.

ws AND DlSCUSSll

Data from this mvestxgatxon must be v1ewed in hght of the volunteer (smaii)

sample Wlnch had d:stmctxve characteristics: Partmpants as pre-medwal students were
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above the mean in abmty and preparednes fbr the test situation and instrument used

as the non-mampulated treatrneﬁt; The com;ztmve nature of the Medxcal Coiiege

Admission Test (MGAT) may not have provxded as strong a stimulus for test inkieiy

as some other test taken by a drfferent sample. Wich these caveats in mind results

are re\newed as foHows.

1. Based on norm sampls, TAI data mdrcated that students in general were not

extremely strased however seif-report measurss of the TAI were more eie—

the key evaluat:ve event. TzH Totai score; which had the highect srgmfrcance
showed decrements from pre © post-MCAT
2. wiéx} compared tb the critérion set for norrnai; non-strmed mdxv:duals, par-

trcxpans serum ﬂ-endorplnn values (pg/ml) were h.lgher in general There

have enus’d test inxxery

3 Serum B-endorplnn was not correlated thh any of the TAI subscalos.
However, the posmve correlatron mth Wdrry ure—MCAT approached srgmfx-
4 Test anxrety as rneusured by the TAI was srgmﬁcarxtiy mversely related to
GPA. There were significant positive correlations between GPA and MCAT
s. Test anxrety was srgmfrmntly mverseiy related to performance.
a. Worry correlated neganvely wnh Chexmstry, Scrence Probiems and
Reading pre-MCAT and with ﬁioioﬁy, Science Problems and Quantitative




b. Emotxonah'y reflected a lngh nega..xve correlation with oniogy before

and after the MCAT. A correlation with Reading before and after the

test occured.

c Pre and post-MCAT TAI Totai scor& with the exceptton of Quanttta-

tive pre-test, were all sxgmftcantly. neﬁaﬁveii correlated with per-

formance The hxgl"er the self-reported test an::ety. the lower the

scores in the MCAT subset areas.

d. Pre-MCAT ﬁ-endorphm results showed negattve earrelatmns thh
Chemxstry and Science Problems
. On ftve of six MCAT suhset areas, one or both test anxlety measures

was a stgmfxcant predtctor of performenee

The nature and number of science courses did show a; 'réiaiibnéiiiﬁ ©

had lower serum 5—endorphm values prr—MCAT And pammpants thh more

graduate Chetmstry had lower serum B—endbrplun values after the examina-

tion.

a.- Select items from the Test Annety lnventory (TAI) could be used to

b GPA predxcted performance in the Science Problems subset of the

B—endorphm values pre-MCAT were m@ﬁftca:l::t predtctors for three of

the six areas of the MCAT& Chemistry, Physics and Science Problems.

P |
Ch
D
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TAI Results The instrument measured test amxiety in terms of Worry, Emc-

tlonahty and Total As seen in the overall mean values of the subscaies, subpcts

setf-reported test amuety was moderate to l-ow. however. there were decrements f rom

pre to post-MCAT. Significant elevations were found in Emotionality before the test.

ﬁ&é data corroborate those t:ﬁriady documented which found that "Emotloﬁahty
scores dropped sngmfrcantly f ollowmg uomi:ietion of the examination irr’siaéctivé of
untmal level of test anxiety or performance expectancy (Boctor and Altman, 1969, p

563)."

found in the literature: Spaey 'éx et al. (1968) established that among students facing

a vcry unportant emmmatlon Worry scores are elevated pretest (as much as frve

days bef’ore) Consonaﬂt w:th these data; Worry scores obtained by subpcts two &.-;ys

before the MCAT showed sxgmf icant elevation (p <i0). The strhgth of the sxgmfl-.

cance is beheved to corrspond to the nature of the partxcxpants and therr better-than-

average ability. l:ecs acadermca;liy mpabie and prepared students would perhaps evi-

dence thher Worry I\onethelels. ﬁgmfxcance was observed to substantxate the cla.un

Doctor & Axtman (1969) claxmed that both Worry and Emotionality scores

dropped sxgmflamtiy from pre to post tst penods although the absolute change in
Worry was les than that of Emotlonahty The prsent study has rephmted tbrs

fmdmg
B&ﬁi’aam Results Mean ﬁ-indorphm assay rsults suggested that mchvxdu—

after compietton of the exanunatton.

Literature ﬁndiﬁés propose that test anxxéty (Worry and Emotionality) is elevated

in anticipation of an evaluative event, it was believed that ﬂ-en&orphm would act
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as natures mponse to the p paxn of test anxiousness and would also manifest hxgher

values pre-MCAT. Thc pilot study adhiered to this assumption.

Key sclenuflc fmdmgs, hoerer. mdwate that mcrcased vaiues of ﬁ-endorphm

are observed after a stressful event. For example. Wardlaw and Frantz (1979) found

elevated levels post admxmstrauen of meétyrapone. 8 Fraxoh et al (1980) obtamed

mgher values of ﬁ-endorphm wst-physxcal exercise. Colt et al (1981) obtained

hngher ‘values followmg easy and strenous runs suggestmg that the stress of runmng

stimulates secretion of ﬂ-endorphm ﬂ-hpotropm DuBois et al: (1981) observed that

post-surgm? SETeSS produced a sxgmflca.nt increase in plasma ﬂ-endorphm reacnvny

It is concewable that the theory held by Cohen e al (1983) may be apphed in
this case; that is; elevatad {:lasmf sma s-anaaqsm iﬁa’y be considersd a Biologieal marker

of the human stress response (to evaluation anxiety)’ much as plasma cortisol levels

have previously been used (p: 463). And that stress could easily oecur after a chal-

lrngmg test.

Sub_]ecs approached the MCAT thh some degree of confldence. 1t is not unrea-

sonable to assume that the enormxty of the sxtuatlon may have eum%d dlstm over

iserpecu‘ ective less-than-optimal ffer?ormaﬁee and its unfavorable cOnsequences.

In rev:ewmg the outcome of mean compansons, it may be cauticusly assumed
that self-report measures point to anticipation of evaluative events as potential stimuli

for test annety and the physxologlcai parameter of ﬁ-endorphm places the empha.sxs

of examination stress on the response. Neverthelss, these fmdmgs suggest that anxle-

ts' i’ia&ed a role in the test-takin g process.

8 a drug to determine ability of the hitnitary gland 10 increase secretion of cortico-

9 Parenthess mine.

102



91
,Ai oz ia: R ,QZQ:,:i N

i.ite'rstufé iias propesed* thét iii’o’ﬁ-y fmﬁs a corisiSteﬁt ﬁeéativé or invé’rsé réia;

mvmgatxon strongly support th.ts posxtxon

Deffenbacher (1980) and Tryun (1980) showed that although Worry is related ia
performance decrements in the presence of evaluanve stres. Emononahty is ot
I'helr fmdmg may be quahﬁed by results obmned from thxs correlanona.l review.

Regron analysxs (Emononalxty xtems) indicated high pred.ctzbhty of performance

decrem'ems.

Contnbutmg to the knowledge of evaluatlon anxxety pattems is the mfluence of

;B-?ndorphm in the test—takmg process. Serum ﬂ-?ndorphm was found to be

mversely corrclated in the specrflc areas of the MCAT before the exa examination.

Morris et al. (1981) found that iéﬁiotioﬁsiitsr was related to imise raté change.

O'Neill et al. (1969) obtained higher A-state scores on difficult tasks with a concomi-

tant increase of systohc blmd presure durmg dxffxcult tasks. lt was theonzed there-

measures autonon:ur arousal. a stgnmout coﬂelatxon wonld be found wrth serum

,B-T:ndorphm. ﬁgmf::”riciﬁ’cé was fiot attain écii however there were isositive correlations

between serum B—endorphm and Worry pre-MCAT Correlations with the subscales
of the TAI were all posmVe post—MCAT The size of the sample may have been a
factor in the less than sxgmfunnt values.

In the regremon resulw; certain item responses had higher S-endorphin therefore,

selected items were mgnlﬁca.ntly dxfferent from PRESAM
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Sgggmcance gﬁ GPA in the S dy
Splelberger & Katzenmayer (1959) Culler & Holahan (1980) and Bengmmn et al.

mstrucuon thus havmg negatxve effects on grade pomt average (GPA).

ln thls study, GPA was mgmflmtly negatlvely correlated with Total TA] pre

and post-MGAT However, the test anxiety was not extreme. It is necessary tw re-
emphasxze the umquenes of the volunteer sample. In general. they were exefnplary
students (Mean GPA = 3.5 see Appendlx K) who had quahfled for an ehte pre-

medlcal program Partlmpants overall standmg in aclnevement may ave mfluenced

the less than average amount of stress due to the MCAT examination.

The study looked at the nature and number of science courses to monxtor theu-

contribution to test anxiéty. It was iié,’riootiimud*‘"’ that the more courses (more pre-

parednss) the less test anxxety before the MCAT.

There were 1no mgmﬁmnt correlatlons betwun number of courses and TA.I

Serum B—endorphm results however, suggested that those who took undergraduate

onlogy courses appeuui o be more test anxious as indicated by elevated
ﬂ-’endorphm Subpcts seemed "womed" abour Biology (as seen in the subwale corre-
lations) and the physologwnl rmse of ﬁ-endorphm increase tends w substantiate
the stress.

The negative correlation between undergmdoate Chexmstry ('I‘Ci) and serum
ﬁ-endorphm pre-MCAT brought out a umque characuensuc of tlns sample. lt seems
as though subjects prepared in basxc Che:mstry were less physxologuzlly stressed

before the test.
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A &r?élatxon betvieen Chemistry (TC2) aﬁd ﬁ-endorphm post-MCAT could indi-

:::ate that students Who wWere more prepared in the subject area were less strmd

physxolo’gxcally aftér the examination.

The most prominent recommendation is that the investigation should be replicated

with a larger sample if possible.

Follow-up studxes shoutd repeat paper-pencxl measutement of test anxxety Wlth an

mstrument that dxfferentmtis between subseales. This would adhete to the msxght by

Saraﬁon (1984) who states: correlations that relate to the Worry-Emot:ona;hty drstme-

tion deﬁne more rehably the reaetxons people have when placed in evaluatxve situ-

ations. Certam items on the subscales appeared to have more strength for this type

of populatron.

Future rseareh eorrelatmg the effects of serum ﬂendvpum witd cvaluatron

anxxety should refram from categoncal:ly amgmng at what st.age of the test takmg

process elevated stress wxl:l occur: The phenomenon may be related to the umque

characteristics o of the pamcxpants and/or the content of the examinatioh.  This type

of stuc‘y should e apphed 0 other sunples, types of tests, and lower—level students.

RIA methodology should be revrewed t0 circumvent the problem of outhers.

ngmt“'canee was found in the correlation of GPA wrth TM Total there was a

hlgh positive relatronslup with MCAT Scores. Therefore, this should not be omxtted
from the problem statement of subsequent studies: The relatlonsh1p has been well-

documented in hterature. Gther areas wrth low GPA students should be explored.

105



9

An unportant fmdmg whxch concurs thh reputable hﬁerature sources is that test

;h;:xeiy (Worry and Emononahtv) is negmvely correlated with performana Serum

ﬁ-endorphm actxvxty in a tst-annh&s sxtuauon. caunousiy adds to the body of

Lnowledge concermng evaluauon Stress. The stress of tats may clevate the endoge-

nous opnate in amtcxpatxon or rspﬁnse to the stimulus of examinations. Elevanons

mav be reactive but no le-s slgmfxcant.
An embellished look at courses of study as factors in test anxiety is recommend-
ed. Some findings in these data were uneipiainahie’

Fumre rsearch sﬁouid 1dent1fy a potentml curve by collectmg data more than
two times (pre and pvst)

'fhe TAI (especmlly selecued items from regression analysxs) could be used with
large sampls to “screen” those students who are pOtentxaHy test-anxious. They

would be xnvu:ed to volunteer for serum ,‘B—endorphm ana'yses.

It is important to re-smphasize rephmnon of this type of study Perhaps, stu-

dents Wlth low GPAs or those lughly "nervous® should be selected as the sampie.

Reiae;ated mmh would eluc:date pattems of responses ofi the instrument and values

of ﬂ-endorphm © heip determine (when test scores are analyzed) if the hormone

secretion i prunmly facxhutwe.

would mtroduce an mtervcnuon measure, such as relaxanon exercises to See 1f thxs

,wi,aiij& Lné{i, E— iﬁé I ;’:::;;t’é Wifﬁ ;!:'::,

HM
o
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TEST ATTITUDE INVENTORY
Developed by Charles D. Spielberger
8 eofaboration with I
o H.P. Gonzalez, C.J. Taylor, G.R. Roms and W.D:. Anton -
NAME -~ _DATE_ ___SEX M F

DIRECTIONS: -A number of fatements which people have T W B

vsed: to describe themselves zre given below. Read each state- ' 3
rient and then blscken in the appropriate circle to the right of 1, Y
the statement to indicate how you generally fsel. Thoreare oo c,’% 9

right or wrong answers. Do not spend too much time on any . o‘g_ o. T
one statement but give the answer which seems to describe ., %’, .

howyou generally feel. e W
1.1 feel confident and relaxed while taking tests . .... e aeenaieeeeaaen ® ® ®
®

S

é.WBiIéﬁi&iiéiiﬂn;nitiﬁiiiiﬁiiéiﬁdﬁéiiy.ﬁpietfeéiine triiieliiieass e ®

3. Thinking about my grade in a course interferes with my work on tests. . ..... @

@ O

4.1freeze up on importantexams ...........ccoeeeeiiiioitiiiatinaaans [0}

5. During exams I find myself thinking about whether Il éver get )
throughschool ......c.civantts S R TN ()

& e
@ @i

6. The harder [ work at taking a tést, the more confused 1get «.............. ®
7. Thoughts of doing poorly interfere with iy concentration ontests......... ®

8. 1 feel very jittery when taking an important test .. .................. e ®

@ &

@ @

9. Even when I'm well prépared foi a test, I feel very nervous about it:.:::...: ©

10istirtIeillniveryunéasy)ustbeforegettmgltestpaperblck teliiiiiiees @®

® 8. €

11. During tests I feel Very tense .............. i

e O & e e

e O

;‘
H
g
g
e.i‘
Y
-3
)
B
s
Ef\
‘\
-
[ -1
4
g
g
e
© i
e

15.1 feel very panicky wheo I take an IMpOrtant test ............cc.eern.. ®

16. I worry a great deal before taking an important examination .. ... .i0.i00 @

e e
e @

1'3 bunni tuti i find myielf thmkmg about the CGﬁﬁquénéés offailing ...:.:: @

@

18.1 feel my heart beating very fast during important tests .. .. . .. ...iieii @

19. After an exain is over I try to stop worrying about it; but [ just can't.... ... ®

® © 0 0 0 O 0 O ©® 0@ 6 0 © 0 0 0 6 O O O

@ & e
@\

@

CONSULTING PSYCHOLOGISTS PRESS

§77 College Avenus, Palo Alio, California 94308

Copyright © 1977 by Charies D, Spieiberger. Reproduction of thix test or any portion
thereof by any process without written permission of the Publisher is prohibited.
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CONSENT TO SPECIAL TREATMENT OR PROCEDURE FORM
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THE OHIO STATE UNIVERSITY Protocol Ko. __§SHO253 -
8/21/85

CONSENT T0 SPECIAL TREATMENT OR PROCEDURE

. begglgx}gfthorize or- direct 51stgr Jane Anne-Mol{inaro;
*3;* Nicholas Gerber, M.8,, B.S., Jeffrey A. Houck, m.D., °
ates or assistants of_his_or her-choosin 9, -
“{describe in general terms) 1 undersund tha

ogram 7to eulruau the ‘effect of stress

The exgerinnt;ﬂ (reselrc!l) portion of ;he treatment ggfgroiqeggge ‘lL I iill ukg the Testr

Anxiety | !nventorx “(paper-pencii test) and have drawn from W irm 30ccof Dlood to be

od f udorphin ]eve s.- this will — One-w
Following furn_to_take the test and have oW Wy _arm another 30cC

ood . 1 will beigiven resulis of my stf

This 1s done as part of an ini;stigation entiﬂed Moimumm ofrith

opfate; B-Qndorphin%kehtedﬁiuxuxy Induced by the Admin stra

1. Purpose of -the- precedure -or- trutnent Juom are the A-endo

Mnmdm stressful situation. A!so. to coupu!e%

2. Possible lppropriate iltermtive vuethods of treatment let—%wpmiciplte. :

. D1§éalf6rts ;nd risks reasonably ;o be- expeet.ed J‘ocil D

sugs -{bruf sing

__ &, Possib‘le benefits for subﬂecgsl;oeiel’ Mo bent
ats for t! i

iEEii(iihthﬂ of data ation of s-endorpt

- Knticipafed duration of subject s particigtien. Jhirty (30) uinuus over a perio&—

of one week (prior to and—following the NCALmuﬂntion). -
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provided Inforsation about the procedure described above, about Wy rights is a subject, and

that he/she answered all questions to my satisfaction. 1 understand that I may contact
him/her should 1 have add{tional questions. He/She has explained the risks described above

and I-understand them; he/she has also offered to explain a1l possible risks or
complications.

1 understand that, where appropriate, the U.S. Food and Drug Administration say fnspect

records pertaining to-this study. I understand further that the records obtained during my
participation may be made available to the sponsor of this Study and that the records will

not contain my name or other personal fdentifiers. Beyond this, I understand that my

@iiticipition will remain confidential;

1 understand that 1 am free to withdrav my consent and participation in this project at

any time after notifying the project director without prejudicing future care. No

guarantee has been given to me concerning this ti‘ea@ngnt or procediprc.

In the anlikely event of {njury resulting from participation fn this study, 1 understand

that immediate medical sreatment is available at University Hospital of The Ohio State
University. I also understand that the costs of such treatment will be at my expense and
that financial-compensation- §s-not available. Questions about this should be directed to

the Human Subject Review Office at 422-3046.
1 have fiéd;iﬁii ﬁjii; understand the consent form: 1 sfign 1t freely and voluntarily.
A copy has been given to me.

date: Time: M Signed: .

Hitness(es) _ o , . . - ,
Af {Person Authorized to Consent for
Required L Subject -~ 1f Required)

1 certify that 1 have personally completsd all blanks in this fora and explained them to

the subject or his/her representative before requesting the subject or his/her represen-
tative to sign ft.

$igned: = —— — —-— - = - - o
(STgnature of the Project Director or his/her Authorized Representative)

Form HS=028A (Rev. 12/83)
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Appendix C
TALC TREATMENT

After thawing acidified plasma, S ml were pipeued into appropriate polypropy-
lene tubes, the remaining plasma was refrozen at -70° C for subsequent assays.
One 50 mg talc tablet (Goldleaf Pharmacal Co.) was crushed and added to each
sample tube (1 tablet/5ml plasma). Tubes were mixed by fotation then agitated
end-toend for 30 minutes After centrifugation in the Sorvall Centrifuge at
10,000 rpim, the supérnatant was discarded and the pellet washed with water and
evaporated under Nitrogen gas to dryness. Samples were reconstituted in O5ml,
005 M acetic acid. After centrifugation (5 minutes in Sorval) 100 pl of the

supernatant were pipetted into tubes prepared for radioimmunoassay.
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SILICIC ACID TREATMENT

;m procedures were carried out at 4° C to minimize possible enzymatic conver-
sions. 300 mg silicic acid were added to 5 mi plasma and mixed by end to end
rotation for 30 minutes in a coid room: After centrifugationg the extract was
washed 2 Emis thh ice cold delomzed water and saved for mxmatmg recovery
The 2 water washes and the adsorbed pepuds were desorbed from smcu: acid by
a mixture containing 2 ml MeOH:IM HCi (8:2). The preparation was mixed fol-
lowed By éénirifugaii’csn at 10,000 rpm at 4° C. The supernatants were recovered
and dried under a gentle stream of Nitrogen and reconstituted With 05 ml of .05
M acetic acid. After S min centrifu’gation, the supernatants were pre{;ared for
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Appendix E
MATERIALS USED IN RADIOIMMUNOASSAY

NTIBODS
P-endorphin serum labeled "Christine, #2, Bleed #3," is stored at -70° C. It is

contained in 1 aliquots in 15 ml polypropylene centrifuge tubes. 9 mil of

B-endorphin assay buffer was p)petted mto the tube to make a total volume of 10
mi of a 1:10 solution of A-endorphin antiserum. From this 1:10 solution, 10 il
were carefully pipetted (with a P-20 Eppendorf pipette) into another 15 ml poly-
propylene c’éﬁtfifugé wbe. To this second tube, 40 ml of A-endorphin assay
buffer was added to make a final concentration of 1:4000. This was sufficient

for 75-80 tubes.
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Radicactive 1257 A h-endorphin was purchased from Peninsula Laboratories (Bel-
mont, Ca) in the amount of 10 u Curies. This was subsequently divided into
10, 1 pu Ci aliquots. Upon dilution to 25 ml, 100 pul contained 5000 - 6000

cpm.

STANDARD

Standards are already prepared (Tejwani et al, 1983) and kept (stored) in 10 ul

= 10 ng or 1 éﬁtjuétﬁ in -70° C freezer. To this amount 990 ul buffer was
added w bring volume to 1000 ul. The polypropylene tube became the 1000 pg

tube used for the standard curve serial dilution.
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To make 200 mi B-endorphin assay buffer add:

1. 20 ml of stock 1.0 M PO4 buffer at pH 60

2. 200 mg of gelatin (0.1 %)

3. 585 mg NaCl (0.05 M)

4 50 mg of Thimersol (0025 %)

5. 700 mg of EDTA (0.350 %)

6. 200 ul of Triton X-100 90:1 % v/v)

Use 170 ml deionized water to which is added all ingredients except Triton and mis
genily to avoid foaming. (Heating the stoppered bottle with hot wp water helps
t dissolve the materials quickly). Fipally add 200 ul Triton X-100 to the
warmed buffer and mix gently. When stored at 2-8% C the buffer is stable for

six ‘weeks.

To 100 ml of S-endorphin assay buffer the following was added
1. 1.6 g Norit A (charcoal)

2. 160 mg (0.16 gm) Dextran T-70
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Appendix F
STANDARD CURVE PREPARATION

Table z1

Buffer Ab Label Charcoal
x x * x
Specific Binding 100 100 100 5C0
Blank (NSB) 200 ——=- 100 -500
Total 200 S 100 Buffer
pg/ml (b-endorphin)
1:9 === 100 100 500
3.9 -=== 100 100 500
-7.8 ——-- 100 100 500
15.6 e 100 100 500
31.3 - - 100 100 500
62.5 === 100 100 560
125 - 100 100 500
250 ———= 100 100 500
800 -—-= 100 10C s00
1000 —— 100 100 500
Note: * = ui voiumes
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PILOT STUDY DATA

Means and SD of Pre

Appendix G

Table 22

TAI
WorTy Enotionality Total
N M SD M SD x SD

Pre-MCAT

Post=MCAT

[v> I
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Table 23

Mean and SD of Pre an¢ PstMCAT of Bee (Pilot Study)

b-endorphin

N M SD

Pre-MCAT 5 80.12 9.10
PoSt-MCAT 5 57.76 22.37

Table 24

Subject Profile of Pilot Stud

- _ o - L . . - i'é .
PreT PostW PostE PostT Pre Post

-
w
0
i
N\
L 3
H
o
=
g
f H
! ®
=1

12.00 12.00 6.00 11.00 12.00 $.00 80 3
10.00 14.00 6.00 12.00 10.00 5.00 81 6859
24.00 9.00 19.00 22.00 9.00 85 44
6 7
6 7

15.00 12.00 6.00 13.00 14.00 7.00 64 40
11.00 12.00 6.00 12.00 13.00 7.06 B84 49

Roudgm:
O 000 .
O MO
= 0 00O -

-

L)

(@]

(@)

o1 8
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Table 25

GPA's and MCAT Scores of Pilot_Studv

MCAT Scores

O CHEM ©PHYS  SCIPROB  READ QUAN

7
10

8
-7

10

-54
.07
.96
.33
.32

e !
O=~TNON !
(o M) JEN 3 (o 3 N
@O N
NODORN

(CROCR SIS
© O

Note: S=Sex, O=Male, 1=Female, R-Repeating MCAT, K=Attended
Kaplan preparation program.
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Appendix H

MEANS, SD, AND DIFFERENCES BETWEEN MEANS FOR ALL
SUBJECTS

Table 26

b-endorphia

N M SD

Pre-MCAT 17 86.41 65.32
PoSt-MCAT 17 64.94 12.50

Note: These data were not used in any of the analyses _wiié;r’é serum

B-endorphin was considered as a correlate.
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Appendix 1
STANDARD CURVE RESULTS

Table 27

Assay 1 Assay 2 Assay 3

M CPM  %Bind M CPM % Bind M CPNM % Bind

spb 1367.50 100 2358.50 100 1716.75 100
nsb. o  ©00.vs O - 8%9.%5 0
total 2822.75 245.88 3807.25 261.18 3443.50 297.62
9@ 1077.50 93.85 1428.25 98.01  1042.50 90.10
9 1040.00 90.59  1385.25 95.03 1022.50 88:37
.8 1025.50 89.32 1386:25 95.09  954.00  82.45
6
3

95%.00 83.36 1288.50 88.39  933.00  80.68
794.00 62.16 1164.25 79.87 735.00  66.87
657.00 §7 .27 871.25 59.56  628.25 54 .29

125 479.25 41.74 601.25 41 .24 404.25 34.93

25¢ 305.00 26.56 490.25 33.63 324.25 28.02
500 221.75 19.31 348.00 23.87  206.25 17.82

1000 121.75 10.60 148.00 10:.18 172.50 14.90
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STANDARD CURVE 2

R S |

o . . . . . |
0 100 200 300 400 500 60D 700 80D 900 1000
picograms A-endorphin

Figure. 7:  Standard Curve- RIA 2
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STANDARD CURVE 3

a2

100 200 300

400 500 600 700 600

picograms F-endorphin

Figure_8:

Standard Curve: RIA 3
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Appendix J

MEANS OF THREE ASSAYS

Table 28

M PRE-MCAT M POST-MCAT

T T

69.61 48.50 54.16 58 91.20 41.65 15.27 49
58.16 46.44 59.95 55 94.82 136.72 77.26 103
60.95 58.19 41.94 54 53.81 58.59 47.86 54
47.66 46.49 39.27 44 68.85 ©656.70 37.76 55

64.97 58.15 53.07 59 68.41 74.10 82.00 75
45.63 ©50.66 61.68 54 §3.72 60.78 61.97 59
77.56 469.40 147.57 232 59.99 62.47 73:94 65
' 48.56 51.40 36.30 45 71.72 71.54¢ 63.68 69
233.71 290.50 118.52 215 66.86 77.65 55.20 67
59.93 367.70 87.08 172 70.06 77.78 82.84 77
54.24 48.32 24.32 42 79.97 86:76 65:9¢ 72
45.71 46.73 16.61 36 59.290 72.49 54.00 62
58.42 78.33 34.7¢ 57 §5.06 65.40 53.12 58
74.70 62.44 25.86 54 66.48 59.92 66.82 61

70.82 362.68 74.64 170 63.94 67.26 55.99 62
57.90 58.30 27.98 48 61.01 56:26 41:94 53
70.75 78.82 76.90 74 76.22 67.26. 47.20 63

Mean Total =~ 86 Mean Total = 65

O YOIt IO OO
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Table 29

M PRE-MCAT M  POST-MCAT

69.61 48.50 54.16 S8 91.20 41.65 15.27 49
60.95 58.19 41.924 54 53.81 58.59 47.86 54
47.66 46.49 39.27 44 68.65 56.70 37.76 55
64.97 58:.15 53.07 59 68.41 74.10 82.00 %5

49.63 50.66 61.68 54 53.72 60.78 61.97 59
48.56 51.40 36.30 45 71.72 71.5¢ 63.68 69

. 48.32 24.32 42 T79.97 68.76 65.92 72
45.71 46.73 16.61 36  59.29 72.49 54.00 62
586.42 78.33 34.74 57  55.06 65.40 83:12 58
74.70 62.44 25.86 54 66.48 59.92 56.82 61
57.90 58.30 27.98 48 61.01 56.26 41.94 53
70.75 78.82 76.90 74  76.22 67.26 47.20 63

Mean Total = 52 Mean Total = 61

R - Bl Jl R f Rolo) Y|
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Appendix K

SUBJECT PROFILES

Table 30
Main_Study Subject Profiles

SR L _b-e.  _

PreT PostW PostE ©PostT bPre Post

x|
g
H
(1]
=
g
H
()
g

ID S F

.00 .8.00 11.00 8.00 58 49

.00 12.00 13 9.00 55 103

1.00 10:00 6.00 54 54
k4

"

7.00 44 55

[y
0 =t OO
0100
Qo
[y
o
Q0
Q0
(o F o) NU~ o - 1
Xo

Lo

-

]

00 12. 9.00 59 75
.00 10.00 15.00 6.00 54 59

, 5.00 232 65
0.00 45 69
7.00 215 67

0

7
,,,,,, 1.0 10.00 4.00 172 77
.00 -8.00 10.00 4.00 42 72

¢ &

7

»

o
o
[
[V ]
o
o
-
U 3R TR v 6 JES JT (o
O O
o
(o]
(@
Qo
L\
O
O
O
-

%ﬁW%H@QMMUDM%«

5.00 36 62
7.00 57 58

.00 -84 61
.00 170 62
9. 48 53

.00 74 63

(W reny
2D
Q00
O oo
-

(e o
QOO0
000
[ i

N O™ T O mim

i ‘0‘
o
fur}
o
(@)
o
-
o
o
(@

=i QOO0 00HO000HONO
[
o
o]
o
-
o
o
o
o
o
-
rer}
o
o
-
o
Q0
O O
@ © 2T
o
o

»*
| = OO0O00QOHOOD OO
OCO000D0O00000DO0O00O0OO00O !

‘OM%ZK

iéoﬁiiiéig o . I C _ - = - — ool - S St
Note: S=Sex, O=Male, l=Female, R=Repeating MCAT, E=Attended
Kaplan preparation program.
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Table 31

MCAT Scores

SCIPROB

CHEM

ID GPA

PHYS

BIO

SO D= 0 O R 0 1 B OO D
e Cred + -4

;3

~

”9,4,9990,2,69.19,9,114.77

[ e B

Wﬁg,é,aﬁﬁa;fw,g,ao1,0,965:.!8
, iy ,

Tl

:1,5,9799,18901,9698,879

Cred e~

Wgl.seof?,mmsgnéz,l?gs,a,a

il

;1,79,-1 8,0,2771,1,0,81 W ©
V4 N I I o BT o

OGN D SR DO R ONO
;E 5659834@8248?17

,333,3, ,333,3,5,35,2,55

_;Aﬁegggeﬁgggﬁﬁggpg

0O PO
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Table 32

Nufnﬁer fo Science Courses - Ali Subjects from Main Study

Biology Chemistry Physics

Bio 200 Gen Micro Biochem Chem  Paysics

20 42 01 00 01 70 30
10 10 10 06 00 70 30
20 10 00 c2 01 70 30
10~ 00 00 00 01 60 30
20 00 00 0S 00 70 30
20 61 00 00 00 30 20
20 10 oo 00 00 70 30
20 00 01 01 00 70 30
3 00 00 00 50 30
20 33 00 01 00 60 30
20 00 00 00 00 70 30
20 00 00 00 00 70 30
20 10 01 00 01 70 .30
20 21 02 01 01 60 30
10 10 00 01 00 80 4an
20 10 00 00 00 70 30
70 00 00 00 00 40 30

(1 OO 2 RPN -0 W 3|
3"
Q
3
o
o
(@)

e: The First digit in the double set indicates the number

=%
(o 38
d;
®

of undergraduate courses and the second number depicts

the graduate courses in the subject area.
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Appendix L

CORRELATION MATRICES
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Aruitoxt provided by Eic:

Correlation ix continued
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