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ABSTRACT ,

The purpose of this study was to pres=pt and evaluate
Bayesian-type models for estimating probabilities oi ZZogram
completion and for predicting first quarter grade point averages of
community college students entering certain allied health fields. Two
Bayesian models were tested. Bayesian Model 1--Estimating
Probabilities of Program Completion--was developed from discrete
cases of Bayes' formula with counselors® inputs as a priori
probabilities and posterior probabilities of graduate status of the
discriminant analysis function as likelihoods. The a priori
probabilities and likelihood probabilities were combined in Bayes!
Theorem to produce posterior probabilities of successful progran
completion. Bayesian Model 2--Predicting First Quarter Grade Point
Averages-~which was an application and specialization of the Bayesian
linear model developed by Lindley and Smith, involved the assumption
of homogeneity of regression coefficients (but not irtercepts) across
groups. The efficiencies for both Bayesian models were compared anpd
evaluated in terms of two counselor-selection models and two
classical statistical models with the results showing that Bayesian
Model 1 was most efficient in selecting successful students while no
significant difference in efficiency was found for Bayesian Model 2
as compared to a classical statistical model. (Author/JDS)
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A CGMPARATIVE STUDY OF THE EFFECTIVENESS OF TWO BAYESIAN
MODELS FOR PREDICTING THE ACADEMIC SUCCESSES OF
SELECTED ALLIED HEALTH STUDENTS ENROLLED
IN THE COMPREHENSIVE
COMMUNITY COLLEGE

by
Charles Aiken Houston, dJr.
(ABSTRACT)

Because of high enrollment demands, 1imited instructional spaces,
and the high cost of proérams, many community colleges have been forced
to place stringent admission requirements in the guidance and selection
of certain allied health curricula such as Dental Assistant, Mental
Health, Nursing, and Radiology. In this guidance-selection environmené
in which there were more candidates than vacancies, methods and/or
procedures must be established that discern the "best" applicants.
Since neither the classical statistical models which utilize correlations,
:regression, discriminate analysis, etc. nor the cdunse]or-selection models
have typically utilized all the information regarding a student, the need
for more efficient and efféctiVe guidance-selection models was indicated.
In this context Bayesian-type models have been proposed that can utilize
the strengths of both the classical statistical models and the counselor-
selection models.

The purpose of the study was to present and evaluate Bayesian-
type models for estimating probabitities of program completion and
predicting first quarter grade point average (GPA). Bayesian Model 1 --

Estimating Probabilities of Program Completion was developed from the

3



discrete case of Bayes' formu]axﬁith counselors' inputs és g;griggi
probabilities and posterior probabilities of graduate status of the
discriminant analysis function as 1ikelihoods. The g_griggi‘probabilities
and 1likelihood probabilities Qere combined in Bayes' Theorem to produce
posterior probabilities of sucbessfu] program comp]etioﬁ. kBayesian Model
2 -- Predicting Firﬁt-Quarter'GPA's whichvwas an application andispecial-
ization of the Bayesian 1linear model developed by Lindley andemith (1972)
involved the assumption of homogeneity of fegreésion coeificiehts'(but

not ihtercepts) across groups. The efficiencies of the Bayesian-type

models were compared and evaluated in terms of two counselor selection . -

models and two classical statistical models.

Although inspection by curriculum and by individual students
indicated that all three program completion inodels were appropriate in
- specifir cases, an analysis of ranking efficiencies using the Friedman
(1937) test rejected the hypothesis of identical treatments. Further
analyses using mu]tip]evcomparisons aspects proposed by Anderéon (1959)
indicated that there were statistically significant linear comparison
differences among the models with the Bayesian Model 1 ranking as the
most efficient model. An analysis of the three GPA models using an
analysis af variance test contradicted the hypothesis;that’the threa
treatment effects were equal at the .01-Tevel with Tbkey's Test for
differences of average absolute-errors confirming that the é;;ésian
Model 2 and the Classical Statistical Model 2 were more effiﬁient than

the Counselor Model 2. The results of the‘study supported several recom-

niendations for further study.



INTRODUCTION*

Because of high,gnrol1ment demands, limited instructional spaces,
and the high cost of programs, many community coi]eges have been forced
to place stvinée;f édmission requirements  in the guidance and selection
of*studenfs for certain allied health curricula subh as Dénta]'Assistant,
Mental Health Tethno]ogy;lwursing, and Radiology. Since recent kesearch'
studies (A.W. Astin, 1975; H.S. Astin, 1970; Summerskill, 1962; Trent
and Medsker, 1967) have reported withdrawal rates of 50 perceni and
““higher for studénts ‘entering community college programs, a need for more
efficient and effective guidance-selection models was indicated. Modeis
that accurately predicted first—quarter GPA}s and efficiently estimates
the probability of successful program combletion would benefit both the
college and the‘students that enroll in these curricula.

The purpose of the study was to present and evaluate Bayesian-type
models for estimating probabilities of program vompletion and predicting
first-quarter GPA's for students entering four allied health curricula
of the comprehensive community college. Bayesian Model 1 -- Estimé%¥géw A
Probabilities of Program-Completion was developed from the discrete case
of Bayes' formula as presented by‘Powefs‘(1§73;'P. 4);~ Powé?s;  ”
methodology which utilized counselor/faculty advisors’ inpufs as . priori

probabilities was extended by using posterior probabi]itiés bf‘graduate

status of the discriminant analysis function as 1ike]ihqods.

*This study summarizes a dissertation submitted by the second author
in partial fulfillment of the requirements for the degree of the Doctor of
Philosophy in Ea:cational Research and Evaluation, Virginia Polytechnic
~ Institute and State University, April 1976, Blacksburg, Virginia.
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The a priori probabilities and 1ikelihood probabilities were combined
in Bayes' Theorem to produce posterior probabilities of successful pro-
gram completion. Bayesian Model 2 -- Predicting First-Quarter'GPA‘s |
utilized a computer program‘deveﬁoped by Kazuo Shigemasu (1975). This
model which was an applicatidn and specialization of thé Bayesian 1ineér
model developed by Lindley and Smith (1972) involved thé-aésumption of
homageneity of regression coefficients (but not intercepts) across
groups. This methodology (first broposed by NOViCk;‘JaCkSOn, Thayer,
and Cole, 1971) comparing GPA predictions across different schools |
with similar programs was adjﬂsted in terms of comparing similar programs
within one college (i.e. the m-groups were now different programs instead
bf different schools). The efficfencies of the Bayesién-type models
were compared and evaluated in terms of two counselor selection models
and two classical statistical models.

Although a review of the 1iterafure dealing with the prediction
of academic success revealed a wealth of materials concerning‘the prog-
nosis of college and university éuccess, there have been few studies
that dealt with the problem in an. experimental fashion. In general,
prediction studies have been ex post facto research in which the inde-
pendent variable or variables have already occurred and the researchér
starts with the observation of a.dependent variable 6r variables. Little
or no efforts have been directed toward cross validation studies which
“prediétvthe academic success of the next class and/or evaluate the
efficiency of the prediction models in terms of the new class. The
literature review also noted that little effort has been directed toward
developing and evaluating multiple prediction procedﬁres; Therefore,

the purpose of the present study was to present énd evaluate multiple
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‘prediction procedures in a quaéi-experimenta] fashion by using data for
new allied health classes first enr&]]ed for Fall 1975.

The design of the study required that three p?ogram-comp?efion
models and three GPA prediction models be constructed from data discerned
from previous students enrolled from the Fall of 1972 through the
Fall of 1974. These models were used to predict first-quarter GPA:
and probabilities of program completion for students first enroﬂ?éd
for Fall 1975. The efficiencies of. the mode%s were compared by examining
predicted GPA in terms of\actua] first-quarter GPA and estimates of
probabilities of program completion in terms of actda] graduate-nongréduate
status (enrolled or withdrawn) for Spring 1976.

The total sample of the study consisted of 374 students who were
enrolled in the curricula of Dental Assisting, Mental Health Technology,
Nursing, and Radiology. ‘Data for studenfs enro11ed from Fall 1972, 1973,
and 1974 were used to develop statistical equations (discussed below)
necessary for developing the .ix predicfigﬁumodels for students entering
in the Fall 1975. _ |

The predictor (indepéndent) variables consisted of selected academic
variables discerned by examining both previous research results
-and present theories concerning academic achievement with additional
recommendations from allied health counselors, faculty, and administrators.
The Eriterion (dependent) variables coﬁsisted of (1) first-quarter GPA
and (2) graduate/nongraduate status.

Several statistical methods were employed in deve]oping‘the '

"six prediction models. These methods were summarized as follows:



Program-Completion Models

Bayesian Model 1 -- Estimating
Probabilities of Program-
Completion

Counselor Medel 1 -- Estimating
Probabilities of Program -
Lompletion

Classical Statistical Model 1 -~

Estimating Probabilities of
Program-Completion

s

GPA Prediction Models

Bayesian Model 2 -- Predicting
First Quarter GPA's -

Counselor Model.z -~ Predicting
First Quarter GPA's

Classical Statistical Method
2 -- Predicting First-
Quarter GPA's

Statistical Methods

Application of Bayes' formula
using counselor's assignment of
probability of successful programs:
completion as a priori probability
and discriminate score of proba-
bility of graduate classification
as likelihood.

Counselor's ass1gnment of proba-
hility of successful program o
comp1et1on

Discriminant analysis for-graduate/
nongraduate group membership using
the discriminate score to estimate
the students' success in completing
the specific allied health curricu-
Tum.

Bayesian M-group Regression
Ana]ys1s with Identical Regress1on
Coefficients

- Counselor's assignment of first-

quarter GPA

Forward stepwise multiple
regression using SPSS REGR

Several statistical methods were employed in comparing and evaluating the

effectiveness of prediction models.

The program completion models were

evaluated by comparing the mean absolute-errors and the mean squared-

errors by both individual curriculum and by combined curricula. The

Friedman test was used to evaluate the three models by ranking the pre-

dicted probabilities in terms of actua]ystatds. In the case that the

null hypothesis of equal 1ikely rankings within a block (student) was

rejected, multiple comparisons were examined in terms of tests presented

by Anderson (1959) for rank data.
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The threeVGPA'prediction‘mode]s were eVa]uated‘by examininé‘the
absolute-error-loss functuon, squared -errer-Ist‘fUnttiOn, and using
the amalysis of variance (F -test) of predxcted and actual GPA differences
for a single- ~factor. exper1ment ‘having rereated mcasures on.the sane |
elemant (Winter, 1962, pp. 105-124). The efftcwenc1es of the models
were compared and evaluated in terms of ‘the averaqe abse]ute -error-loss
and average squared- -error- 1oss by both tnd1v1dua1 curr1cu1a and combined
curricula.

The study was limited in that certain restrictions were placed on
the six prediction models. This fact was especially true for the Classical
Statistical Model 1 which empToyed mu1t1p1e regression in the trad1t1ona1
sense because counselors’ eva]uat1ons of students first enro]led FaT]
1972, 1973, and 1974 were unavailable to be used as 1ndependent var1ab1es:
in developing the GPA prediction equation. ’The study was also ]imited‘by
certain time factors which required that the‘criterion of graduate/non-
graduate status for students first enro]]ed Fall 1975 to be determined |
in terms of enro]led/not enrol]ed for Spr1ng 1976. Other 11m1tat1ons

concerned m1SS1ng data of h1gh school rank. and Schoo] and Co]]ege Ab111ty

Test (SCATS) scores.

CONCLUSTONS v
The results of the study 1nd1cated that there were little d1f-
ferences in the pred1ct1on eff1c1enc1es of the three mode]s in reduc1ng
the we1ghted average abso]ute -errors of the four allied hea]th curr1cu1a
‘vThe ana]ys1s ot rank order eff1c1enc1es of the three mode]s 1nd1cated
that the we1ghted average absolute error d1fferences betWeen the actual

| Astatus (1 - graduate and 0 - non-graduate) and the pred1cted status for
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~ the 93 students in the four allied health curricula were astfollows:‘
(1) Bayesian Model 1 (0.34), (2)vCounse10r Mode1'1(0.35), and (3)
Classical Statistical Model 1 (0.40).  Further descriptive analysis of
the rank order eff1c1ences of the three models 1nd1cated that the
weighted average squared-error d1fferences between the actual status
(1 - graduate and 0 - nongraduate) and the predicted status for the 03
students in the four allied hea]th curricula Were as follows: (1)
Classical Statistical Model 1 and Counse]orrModel 1 tied (0;22)‘and
(2) BayesianwﬂggeT‘j (0.24). A]thohgh inspection by curriculum and by.
individual students indicated that all three mode]s were.approbriate
in spec1f1c cases, an analysis of ranking eff1c1enc1es of the ‘three -
 hode]s using the Friedman (]937) test reJected the hypothes1s of 1dent1-
cal treatment effects at the .05-1eve1. Further ana]yses using multiple
comparisohs aspects proposed by Anderson (1959) revealed the fo]]owing:

1. There were no stat1st1ca11y S1gn1f1cant d1fferences
between the rankings ass1gned to Counselor Mode] 1.

2. There were statistically s1gn1f]cant linear com-
parison differences. among models for rank 1. Inspection-
of the models receiving rank 1 clearly indicated that the
Bayesian Model 1 (56 »ank 1) exceeded the rank 1 of either
the Classical Statistical Model 1 (25 rank 1) or the Coun-
selor Model 1 (12 rank 1). ‘

3. There were statistically significant differences between
Tinear rankings for Bayesian Model and Classical
Statistical Model 1. 1Inspection of the data clearly
supported the hypothesis that the Bayesian Model 1.
was the most efficient model in selecting successful
allied health students who would complete the1r programs
of study.. v
A descriptive analysis'of the three GPA mode]s'indicated there
were little differences in the prediction efficiencies ef the Bayesian
and classical statistical mode]s‘in reducing the weighted average

' _absolute-errors for the 93 students enrolled in the four‘allied,health
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: gcurricuia. Counselor Model 2 was less efficient than either the Bayesian
or classical statistical models. The ranx order efficienoies”of‘the three
models indicated that the weighted aVerage‘absoiuteQerror differences
‘between actual first-quarter GPA and predicted‘GPA‘were as follows:

(1) Bayesian Model 2 (0.719), (2$.€1assica1 Statisticai Model 2 (0.723),
and {3) Counselor Modei 2 (0.829). An analysis of variance of mean '
differences of absolute-erros#s using a sing]e-factor design having repeated
measures on the same elemei.ts F(2, 184) 5.774 contradicted the
hypothesis that the three treatment effects were equa] at the .01 level with
Tukey's Test for differences of average'absoiute-errors oonfirming that

the mean absolute-errors of the Counse]or Modei 2 differs from the

means of both the Bayesian Model 2 and the C]ass1ca1 Statisticai Model 2.
Furcher descriptive ana]ysis'of weighted mean averages of predicted and
actual GPA differehces of squared-error found Vittle differences in the
predicted efficiencies of the three models. A rank order of most J
efficient to Jeast efficient vor the weighted aVerage squared-errors was
~as fellows: (1) Bayesian Model 2 (1.206), (2) C]assicai‘Statisticai Model .
2 (].233), and (3)>Counseior Model 2'(1.368); “An analysis of variance of
mean differences of squaredQerrors using a:singie;faetorﬂdesign having
repeated measures on.the same e]ements faiied to rejectrthe hypothesis

that the squared error differences Were d1fferent at the 05 ?eve] for

the three GPA prediction modeis.r. | .

Because several investigators (Nichoisoh, 1970; Heist, 1968; .
;Savickivand others, 1970) have noted that dropouts were not different
"from successful’ pers1sters on predicted GPA, the study conc]uded that
there was a greater need to 1earn more about the prediction of graduation

from college as a criterion of college success rather than college GPA.

11



8

This féét‘Was especially true fqr the al]ied‘health curricu]a:because”

~in wost cases‘graduatian itself was the key to entering the‘OCCupational'

fields. In drdek to provide the greatest information to'cOdhée]ors'and‘
students concerning én estimate of‘thefr predicted:graduaﬁe/nohgraduaté
status, .the ﬁeed for é mﬁ]tibie compérison ée]ectfon system‘was estaB]ished
by the resd]ts“ofbthe present study,"Thésé resu]ts‘indicétéd that the

counselor and possibly the student could benefit from examining the

~ prediction estimates provided by the different program-comp]etidn‘mOdé1s.

. Because graduation was partially a function of GPA, the study cdnc]Udéd

that GPA's should be viewed as hecessany but not sufficient conditions
for future academic successes. Therefore, it was necessary to examine

predicted GPA's in terms of predicted program-completion<probabi]ities.
RECOMMENDATIONS

‘ The results of the study supported sevéra] recommendatidns;fqr ‘
further study. First and foremost, the Bayesian-type;pfocedufeé produced
results whiéh indicated that they are désenving of fufther investigating.
Since the major problem in Bayesién»inference has been that of quantiQ‘
fyirg a priori: information,\fur{her studies were recommended in terms of
establishing methodo]ogies thét assist'counselofs‘and faéu]ty advisors
in quantifying and understanding the pfocesses 6fté$timating‘aﬁd assigning -
probabilities for-programmcompletion and predicting firgt-qUarter GPA's.
Addifiona] inVestigations_should discern topics such as: How did fhese‘

counse]drs actually make the decisions for assignihg the'programécdmpletion .j

‘”éstimatés”ahd”thé“GPAbeédiCtiQhS?’”Wh&“Wé?é”thé”hadéT§”Véf&ﬁﬁbéﬁfﬁfé]fh"“” .

the case of student 5 and totally inaccurate in the case of  student 10?

Were there characteristics that can‘be identified which would discriminate -

12



9
between students who were accurately classified and students who?wefe
inacéurate]y classified?

In terms of the GPA moders, itvwas certainly obyious that addi-
tional Variab]es should be'added to the Classical Statistical Model 2
aﬁd the Bayesian Mode!lz. It was recommended that'éddifional académic
variables with biographical, demographical, and attitude/opinion
variables be added to the study. The possibility of using certain types
of factor analyses of the variables and.uéing the factor scores as
independent variables should be discerned. The use of additional academic
and nonacademic variables for the program-completion models should also’
be investigated. In addition,studies that jointly examine GPA and

.‘b;dblem-completion prediction models and their re]ationship should be
examined.

- ~ : Although the three program-comp]etidn and GPA models represented .
extremes on a continum, it was recommended that the following additional
models be proposed ana investigated in terms of multiple comparison |
studies:

1. Both the Classical Statistical Model 2 -- Predicting First-

Quarter GPA and the Bayesian Model 2 -- Predicting First-Quarter
GPA should be extended with the inputs of certain counselors'
evaluations as independent variables.

2. The use of dummy ihdependent vériables in coding the four

~allied health programs for the Classical Statistical Model 2 --
Predicting First-Quarter GPA should be considered in future

studies.

3. The use of certain non]inéar transformations should be
considered in developing future GPA prediction models.

4. Novick's original M-group regression program should be
considered in future studies.

5. Theoretical work should be extended to incorporate a priori
beliefs of counselors into the Bayesian M-group regression
procedures.

13
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In additionvmany cross validation studies should be examined in order to
establish the va]idity'of impressive correlation coefficients that have

been developed by ex post facto research.
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