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The Box-Jenkins approach to time series analysis, 11 regression method 

for analyzing sequential dependent observations. is used to detennine the 

most appropriate stochastic nodel for describing undergraduate grade point 

averages. The technique was applied to approximately a half century of 

data from two unfvers1t1es, to i nves tf gate models incorporating both regular 

and seasonal components. Prelfmfnary results suggest a moving average 

model. Final results will be presented fn the paper. 
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Objectives 
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The purpose of this study is to determine the most appropriate stochastic 
model for describing the temporal variation of undergraduate grade point averages. 
Using the Box-Jenkins approach to time series an4lysis, various ARIHA models are 
constructed from regular and seasonal components. The models are then compared 
in tenllS of adequacy and parsimony to select the "best" one. With the avail­
abilit,y of appropriate computer software, this technique may have potential 
application 1n using a regression approach to analyze a variety of archival 
educational data. 

Perspect1 ve 

Whenever a phenomena 1s observed over time, it 1s often useful to search 
for temporal patterns within the data. Economists have studied stock market 
prices, sociologists have examined population levels. and psychologists have 
investigated changes in the incidence of depression. For such purposes, a 
variety of time series analysis procedures have been developed, derived primarily 
from the theory of multiple regression. These techniqui?s require data gathered 
from a large nuni>er of time periods (at least 50 1 according to McCleary and 
Hay, 1980). Since archival data is not as commonly analyzed 1n education. as in 
some other fields, these mathematical approaches are not as widely used in 
educational research. It is the purpose of this paper to illustrate such an 
app11 cat1 on. 

All educational institutions evaluate their students in some manner. but a 
single group of pupils 1s not often evaluated fifty times on the same variable, 
as would be required for a time series analysis. However, a meaningful time series 
can be realized ·by obtaining the average grades given during each of the grading 
periods across a lengthy time span. For about the last half century, many 
universities and colleges have adopted a 5-point grading scale, using either the 
letters A through E or the numbers l through 5, Some of the institutions calculated, 
at each grading period, the average of grades awarded to their students, wfth the 
interest of maintaining reasonable consistency in their grading standards both 
among their departments and across time, Approximately fifteen year ago, 
reports began appearing that a conspic1ous increase was occur1ng each year in 
the grading patterns at many institutions, and numerous ad hoc explanations 
were proposed (Bt rnbaum. 1977), 

hly "txpl anatton" of a phenomena 1mpl 1es that the phenomena CM be • 
adequately descrtbed; Mathematical models, and regression models in particular, 
are appropriate for such a description, but an examination of the literature 
suggests that most authors rely solely on visual graphs rather than employing 
mathematical modeling, In this paper, therefore, the use of the stochastic 
time sertes approach is used to generate mathematical models that might 
appropriately describe the entire sequence of available data on grade point data. 

48 



2 

Methods and Techniques 

While the analysis of time series data has occured throµghout most of 
the present century, major methodological advancements have become practical 
with the use of the computer. The analysis techniques proposed by Box and 
Jenkins (1976) have become almost ubiquitous in the time series research 
co11J11uni ty, and it is that me tho do 1 ogy that is used to analyze the data in 
this study, 

Models are sought to describe the existing data across the past half 
century. Some have suggested that grades systemately vary between the terms 
of a school, an� that hypothesis will also be tested, using a model incorporating 
both regular and seasonal components. 

The major purpose of the paper is to describe and illustrate the use of 
this methodology and the interpretations of its results. 

Data Souce. The data was drawn from two midwestem universities which have 
collected grade data for the past half century, One institution reported 
the grade point average data for each Quarter Term, while the other reported 
data from each Semester, 

Results and Conclusions 

Preliminary results indicate two facets. First, the Auto Correlation 
Function (ACF), represented by the correlogram, appears not to be well behaved, 
even with first or second differences. Second, modes incorporating Moving 
Average components appear to be more promising than those with Auto Regressive 
components . 

At the present time, further analyses are being conducted to generate 
models which can be defended in terms of adequacy and parsimony. 

The results will include Arima parameter estimates for alternative models 
and autocorrelations for model diagnosis. Results of model forecasts will 
also be shown. 

The conclusions will compare the diagnoses and metadiagnoses of the 
models. The usefulness and limitations of the ARIMA regression models for 
educational data will be discussed. 
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Objectives and Perspective 

The purpose of this applied paper is to present 3 examples of the use 
of multiple regression analysis in situations where the dependent (outcome) 
variable ts dichotomous, While such use of regression is not revolutionary, 
the examples provide ideas regarding appropriate situations for use and 
reconrnendations for presentation of results. For example, in the first 
study to be presented, the use of the regression approach for analysis 
was rejected by an APA journal. When the analysis was recast in the 
traditional discriminant function model, the article was accepted for 
publication. 

Example 1 

• The research sought to investigate the coping skills of rape victims
to determine 1f some wcmen may be more vulnerable to rape than others. 
The study investigated five domains: psychosocial competency, mental 
health, alcohol and drug use, cognitive resources, and physical ability. 
Seventy-two rape victims and 72 control women were administered psycho­
metric instruments and a biographical inventory. Infonnation was also 
obtained from significant others. The strongest domain of prediction 
was psychosocial competency, with the rape victir.: scoring lower on 
measures of social presence, dominance, and assertiveness, and higher 
on external/social locus of control. A past history of alcohol .or drug 
abuse added to the rape-vulnerability profile. Rape victims were more 
likely to have a past history of psychiatric hospitalization and suicidal 
thought5, They did not differ from control wooer. on the Vocabulary 
subtest of the Wechsler Adult Intelligence Scale-Revised, but they 
scored lower on the Achievement vta lndpendence Scale of the California 
Psychological Inventory. Physical ability attributes were not associated 
with rape vulnerabtltty (Myers, Templer, Brown, 1984). 

The proposed presentation w111 provide ideas regarding data 
pre5entation, the use of a stepwise procedure for domain selection 
and interpretation problems. 
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Example 2 

The problem of unwed adolescent pregnancy has been studied 1n the 
past primarily as a symptom of 1ndividual psychopathology. These 
studies yielded equivocal results. Gradually. the broader social 
context of pregnant teenagers began to be studied. Past research 
pointed to the importance of the family 1n contr1but1n; to the 
problem. 

The objectives of this study were to investigate whether family 
variables could d1scriminate between the famtltes of unwed pregnant 
and non-pregnant teens, All teen subjects met the research criteria 
of being un�ed. under eighteen years of age. enrolled 1n local high 
schools. and l1v1ng with their families of origin, Thirty-one 
pregnant teen families and 28 non-pregnant teen families comprised 
the study sa.�ple, Each subject completed the Moos• Far:iily 
Environment (FES), In add1t1on, each parent completed a quest1onna1re 
which included a problem checklist. demographic infonnation, questions 
about the teen's dating behavior and recent family structural changes. 

The hypothesis that incongruence of perception and other family 
adjustment variables could differentiate the two groups was explored. 
Pregnant teens were found to have longer boyfriend relationships and 
fewer problems as rated by the parents. Their family's perceptions 
were more congruent overall and more congruent regarding family 
cohesion but less congruent in their perceptions of conflict. 
organization and control. 

Of particular interest in example 2 was the choice of a full 
model rather than a stepwise procedure. 01scussion of such a choice 
based on the situation 1s presented. 

Example 3 

This study examined the effects of acculturation on adolescent 
development. specifically focusing on daydreaming as one aspect of 
coping and adaptation. An investigation of two samples of acculturating 
(Hispanic and Native tvnerican) and acculturated (Caucasian) adolescents 
revealed two variables that. in combination. significantly differentiated
the two groups. These two variables. fear of failure daydreams and
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djstractibility, suggested that acculturating adolescents were more likely 
to report guilty and fearful da:,dreaming themes and less likely to report 

·concentration difficulties than their acculturated coparts.

As in the previous examples, presentation of date. and interpretab111 ty 
problems are discussed. . 

Importance 

The examples presented provide ideas for alternative analysis in certain 
situations. Additionally, ideas regarding presentation of results will 
promote discussion among potential users. 

Reference 

Myers, M, Templer, D, and Brown, Ric Coping ability of women who become 
victims of rape. Journal of Consulting and Clinical Psychology, 1984, 
52, 73-78. 
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Significant Interaction - I Got What I Needed 
l<ei th McNeil 

Dal.lu Independent School Diatrict 

The teat for interaction ii ••ldom treatecS u a meaningful enc!Mvor 

in atlltiatic• texte. Hence it would be expe¢.e4 that few ruearcher1 t .. t 

euch inter .. ting queati0M. 'l'wo appliecS journal• are •� for the 

nunber and generic 1d.DS• of intarac::tion questions. 

Few t .. tecS interaction hypotheMe (other than ... ing if their data 

met ueun;,tiona), althoogh many had buioally identifiecS interaction 

hypothuee in their review of literature. Statistical techniques, such u 

Multiple Linear Regreaeion, and o:JmpUter programs exist to assist the 

• researcher in testing interactioo, directiooal interactiai, curvilinear

interaction, etc.
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Significant Interaction - I Got What I Heeded 
Keith McNeil 
Dallas Independent School District 
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Keith Mc�eil 
Research and Evaluation 
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Objective. To establish the rightful role of interaction as a critical 

pheoomeoon in and of itself. 

Perspective. 1't>st research design texts treat interaction as something in 

the way - &anethi1¥J that must be tested - 'but that hopefully will be 

eliminated. FfM authxs lead one to consider the interaction question as 

a viable question. 'l'hi• ie particularly underscored when no text 

discusses directional interactioo. 

Data Source. '1'he paper surveys ooe year'• publicaticn of t1«> educational 

journals. lb, interaction questiooa are treated will be tallied, with 

particular attentioo to "interesting" interaction questions - those given 

special names by researchers (e.g. aptitale by treatment interaction, gap 

analysis, and difference between two correlations). 

Cooclusiona. It ia expected that n::,et researchers will obediently test 

for interaction, 'but not Wlderstand what they have done or why they have 

done it. Yet sane of th::lce researcher• will h4ve identifi<.>d an 

interaction hypothesis in their review of literature. The few th4t will 

h4ve teated for interaction wil have adopted one of the Ep!ri.a 1 

approaches, not realidr¥3 that they could formulate the inter,,-,t ;,J:, 

question in th• way they wanted. Finally, it is expected that non0 �f • ·1e 

researchern will have tested for directional interaction, yet a ! .. '. .'.l 

h4ve made �irectional interpretatioos. 

Scientific Importance of the Study. Researchers need to view interaction 

as a significant phenomenon in and of itself. The ease with which 

Multiple Linear ' Regression can test interaction should encourage

researchers to look for what they want, in order to find what they need.
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LONGITUDINAL ANALYSIS OF SALARY DISCRIMINATION IN HIGHER EDUCATION 

by ' 

Robert L, Heiny, SA111uel R, Houston, and John B, Coonay1 

ABSTRACT 

L•a•l and atatiatical iaauaa aaaociatad with the uaa of multiple raaraaaion 

modal• in faculty discrimination c•••• in hi&h•r education ara praaantad in thi1 

paper. Faculty 1alary modal• •• a function of aandar, rank, tanura 1tatu1, ath• 

nicity. academic di1c1pl1n•• and •a• variable• are analycad in a lonaitudinal 

1tudy covarina three year, (1982-84) at the Univaraity of Northern Colorado, 

Paclin1na atudant enrollment dur1na the period aaw the 1i1a of the faculty drop 

from a hiah of 480 in 1982 to a low of 382 in 1984, Ra1ulta of tha exploratory 

data analyai• indicate daclinina rolaa for aandar and ethnicity variables in 

explainina aalary diffarancaa, While the contribution of academic diaciplina 

variable• in th• regraaaion modal, waa atatiat�cally aianificant, reaulta 1eem 

consistent with inatitutional aalary policies which were in effect at each point 

in time, 

1
Authora are faculty members of the University of Northern Colorado. 

55 



StnlfilY STATIHENT 

A apate of aalary diacrillination (race. aender. and age) atudiea uaing 

aultipl• reareaaion aodela baa appeared in_ th• literature during the past decade. 

The legal profeaaion continue• to be concerned about what is perceived as a 

"conteat" between coapeting atatiaticiana aa they argue complex theoretical 

iaauea in atatiatica. The reaolution of legal cases only too often seems to 

depend on the debating •kills of an·articulate statistician in such areas as 

the use of multiple regres1ion a1 a valid legal procedure, use of inappropriate 

and/or disgui1ed paeudo-evaluative variabl••• collinearity problems in regression 

models, uaes and abuaes.of canonical analytic methods. etc. Part one of this 

paper attempts to put into perapective the major legal and common statistical 

issues found in aalary diacrimination caae1 in higher education. 

A 1econd part of the paper will be a longitudinal study of the University of 

Northern Colorado (UNC) covering the three academic yeara between 1982 and 1985. 

With careful attention paid to the concern• rai■ed about regres■ion models in 

judical ca1e1 involving race, gender. and age diacrimination, ■everal faculty 

1alary model• are fomulated u1ing ■ultiple linear regre1aion._ The number of 

faculty vary froa a_ hiah of 480 in 1982-83 to a low of 382 in 1984-85. The change 

in the number of faculty 111U1ber1 i• explained by declining 1tudent enrollments 

durina thi1 period. What emer1e1 from the exploratory data analy■i• ■re result• 

con1iatent with the chanaina role of UNC to a multi-purpo■• univ■r■ity and 

correapondina chana•• in inatitutioa.al aalary policiea. Gender and ethnicity 

variable■ 1eem to appear aa lea■ important factor■ in explainina 1alary difference■, 

While the contribution of academic diacipline variable■, tenure atatus and rank 

variable• are 1tatiatically 1ignificant, their relation1hipa to aalary seem con­

aiatent with evolvina inatitutional'pattern1 reflecting 1alary policies, Multiple 

re1re11ion 110del1 1upported ),y appropriate follow-up canonical correlation and 

diacriminant analy••• were uaed in the data analyaia. 

In addition to aa.aly1in1 ■llary data obtained as part of the three-year 

longitudinal atudy at UNC, apecific auggeation■ are given for aubsequent research 
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in the third part of the paper, Th• rec�ndationa are ••n■itive not only to 

the l•&•l •Del atatiatical iaauea raiaed in the firat part of the paper but are 
\ 

conaiatent with reaulta obtained froa the exploratory data analyaia. 
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