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MUL I ll"L� LINEAR REt3RESSION VIEWPOINTS 

VOLUME 12, NUMBER 1 SPRING 1983 

A METHOD FOR EST/MA TING INDIRECT 

EFFECTS IN PA TH ANALYSIS 

Lee M. Wolfle 

Virginia Polytechnlc Institute and State _University 

In an earlier paper, Wolfle (1980) considered four kinds of causal 

models: recursive, block, block-recursive, and nonrecursive. By applying 

the first law of path analysis, he decomposed zero-order correlations among 

variables in causal models, and discussed the circumstances under which the 

components of the decompositions could be interpreted as direct, indirect, 

and spurious causal effects, plus a component he called joint associations.

Since the publication of that paper, a number of people have inquired about 

the availability of a computer program to compute the components of

decompositions explicated in the original paper. There is no computer 

program to calculate these components, but there is a means by which 

direct and indirect effects may be calculated with a minimum of effort. 

(Earlier papers by Griliches and Mason [1972] and Alwin and Hauser [1975] 

inform this discussion.) 

Since joint associations, which involve components of a decomposition 

that include correlations among exogenous variables, and spurious effects 
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may be considered to be noncausal components of a correlation between 

variables in a causal model, let us call the sum of direct and indirect 

effects the "total effect/' The purpose of this paper is to demonstrate 

algebraically that total effects may be obtained through reduced-form 

regression equations, and the indirect effects may be calculated by, 

taking the �ifference between the reduced-form regression coefficients and 

the direct effect. Following the algebraic proof, an empirical illustration 

will aid in understanding how the method works in practice. 
To begin, consider a four-variable, fully recursive path model in 

which: 

( 1) •

( 2). 

( 3). 

in which xi (1 • 1,2,3;4) are standardized variables; pij are standardized

regression (path) coefficients from xj to xi; and u, v, and w are

unmeasured disturbance terms assumed to be independent of the x1 on the

same side of the equality. Thus, 

E(x4u) • E(x3v) • E(x4v) • E(x2w) • E(x3w) • E(x4w) • 0 (4).

That the xi are assumed to be standardized is a convenience which simplifies

the algebra to follow. The conclusions to be drawn from the following 

presentation apply without loss of generalization to metric regression 

coeffi cf ents. 

If one multiplies eq. l by x4, and takes expectations, one obtains:

E(X3X4) • P34E(x:) + P3uE(x4u) (5). 

in which E(x3x4) • p34, and E(x�) • 1, since these are standardized

variables, and E(x4u) •Ob� the assumptions in eq. 4. Thus,

- .

E(X3X4) • P34 • P
34 

2 
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In analytic tenns. eq. 6 indicates that�he direct effect, p
34

, of x4 on

x3 1s measured by the correlation, p
34

.

Now consider eq. 2, but instead of estimating eq. 2 as is, ·consider: 

(7). 

_____ w_h_ic_h-""7
is

�
me_rely the re�ression of _x2 on x4• If one multiplies eq. 7 by

x4, and takes expectations, one obtains: 

E(x2x4) • P24E(x:) + P2vE(X4V) (8)�

which reduces to: 

E(x2x4) • P24

Substituting eq. 2 into eq. 9 yields: 

P24 • E[( P23X3 + P24X4 + P2vv) X4 J

multiplying the parenthetical expression by x4 yields:

P24. P23E(X3X4) + P24E(x:) + P2vE(X4V)

which 1s equal to: 

P24 • P23P34 + P24 

because E(X3X4) • P34• E(x:) •,.and E(X4V) • o.

(9). 

(10); 

( 11). 

(12). 

Thus, regressing x2 on x4 yields a coefficient which is equal to the

sum of the direct (p24) and indirect effects (p23p34). By using a normal

regression routine, one can re·gress x2 on x4, and thereby obtain the

total effect from x4 to x2. The regression of x2 on both x3 and x4 yields

the direct effects of x3 and x4 on x2 (p23 and p24, respectively). The

difference between Pz4 and p24 ( Pz4 - p24 • p23p34) therefore gives the

indirect effect of x4 on x2 through x3. In other words, while the

indirect effect of x4 on x2 may not be calculated directly, the product,

p23p34, is obtainable by first regressipg x2 on x4, then regressing �2 on

both x3 and x4, and calculating the difference between the two coefficients

for x4.
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� Now consider eq. 3, but instead of estimating eq. 3 as is, one 

estimates: 
xl • P14X4 + Piw

w

Multiplying eq. 13 by x4, and taking expectations, yielHs:

E(X1X4). P14E(x:> + Piw
E(x4w) 

which is equal to: 

E(x1x4) • p14 

Substituting eq. 3 into eq. 15 yields: 

(13). 

( 14), 

(15). 

P14 • E[{p12x2 + P13X3 + P14X4 + P1w
w) X4] (l6h 

multiplying the parenthetical expression by x4 yields: 

Pj4 • P12E<x2x4) + P13E(X3X4) + P1i<x:) .+ P1w
E(X4W) (17). 

Because E(x:) • 1, and E(x4w) • O, one obtains:

Pj4 • P12E(x2x4) + P13E(X3X4) + P14 (lB). 

By substituting eq. 12 and eq. 6 for E(x2x4) and E(x3x4), respective�y.

one obtains: 

. (19). 

Thus, were one to obtain p14 by regressing x1 on x4, and then obtain 

p14 by regressing x1 on x2, x3 and x4, the difference would equal:

P14. P14 • P12P23P34 � P12P24 + P13P34 (20), 

which 1s the sum of all the indirect effects thro�gh x2 and x3•

Now consider the regression of x1 on x3 and x4: 

Xl • P13X3 + P14X4 + P1w
w

Multiplying eq. 21 by x4• and taking expectations, yields:

E(x1x4) • p13E(x3x4) + p14E(x:) + PlwE(x4w) 

_____ .... W1 th a s 11 ght rearrangement of terms, eq. 22 reduces to: 

- .

P14. E(x,x4) - P13E(X3X4) 

4 
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Swstituting eq. 6 for E(x;r4). and eq. 3 for x1, yields:

Pj4 • E[(plr2 + P13X3 + P14X4 + Plww) X4] - P13P34 
(24), 

mt eta becoaes; 

'14 • P1f(x2x4) + P13E(X3X4) + P14E(x:) + P1wE{x4w). . 

It can be shoNn that p13 • p13 + p12p23; also E{x4w} • O, and E(x!> •1;

substituting these quantities, and eq. 12 for E(Xr4}, and eq. 6 for

E(:1jt4}. yields:

P]4 • PJzCPz4 + P23P34
) + P13P34 + P14 

- CPJ3 + P1zP23>P34 

mich recllces to: 

'14 • P1zPz4 + P14 

(25). 

(26), 

{27). 

Remeaber that 1>]4 is obtained by regressing x1 on the exogenous variable,

x4; Pj4 is obtained by regressing x1 on the exogenous variable, x4• and

the first endogenous variable. x
3

; p14 (the direct effect of x
4 

on x
1) is

obtained by regressing x1 on all o� its antecedent causes. llith esti•tes

of these coefficients, taking the differences aaong them yields the 

esti•tes of the indirect effects. Thus, 

' (28). 

lda1da 1s die s111111 of all the indirect effects fn111 x4 to x1 tlaroagfl

"2 and x
3 

together, through x
2

• and through x
3

• respectively; 

Pi°4 - P14 • PJzPz4 (Z,) • 

ldltda ts ttne indirect effect ,,_ x4 to x1 through x2; and

'14 - Pj4 • P1 -J'34 + P1zPz3'134 

waich are the indirect effects frOII x4 to x1 through x3• and through

x3 and x2 together.

5 
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These results are not model specific; they are applicabl� to any 

hierarchical causal model. To obtain the total effect of any variable, 

xj'• in a causal model on any s�bsequent variable, xi, in the model, simply

regress xi on xj and all other variables that precede xj' or occur causally

in the same block with xj (e.g., the set of exogenous variables). To

obtain the direct effect of xj on xi, regress xi on all of its causal

antecedents. To obtain the sum of the indirect effects from xj to xi'

take the difference between the total effect and the direct effect. 

AN ILLUSTRATION 

To illustrate these algebraic principles in practice, consider the 

block-recursive path model shown in Figure 1.· This is the most general of 

the hierarchical models· considered by Wolfle (1980), and was taken originally 

from Heyns}l974). She was interested in the degree to which stratification 

within schools mediates the effect of socioeconomic background on educational 
'·t

i,'· -3 

outcomes of students. The model shown in Figure 1 indicates that the 

ex�genous variables, PaEduc, PaOcc, and SIBS are correlated for reasons 

unanalyzed in the present model. A measure of verbal ability is considered 

to be dependent upon the three exogenous variables, plus an error term 

assumed to be uncorrelated with the independent variables. Grades and 
curriculum track membership are thought to be dependent upon the four 

precedfng manifest variables, but no causal nexus is assumed between grades 

and curriculum. Their disturbance terms, however, are assumed to be 

correlated with each other, but not with the four preceding manifest 

variables. Finally, educational aspirations is dependent upon the six 

causally antecedent variables. In algebraic terms, the regression 

equations implied by Figure 1 are: 

x , • P12X2 + P13X3 + P14X4 + P15X5 + P16x6 + P17X7 

- .
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Fl.URI I, lt.OCIC•RICURIIYI IQUATIOM MOOII. Of' IDUCATIONAL AIPIAATIONI (IOUIICl:Hl'INS, 1114) 

X3 ■ P34X4 + P35X5 + P36X6 + P37X7 + P3vV

X4 ■ P45
X

5 + P46
X

6 + P47X7 + P4tt

Estimating eq. 34 yields the total effects of x5, x6, and x7 on

x4. These are equal to the direct effects, because no variables

intervene between the exogenous variables and x4; thus there can be no

indirect effects.

The reduced-fonn regression of x3 on x5, x6, and x7 would yield

the total effects of these exogenous variables on x3; adding x4 to the

( 32), 

(33), 

( 34), 

equation (1.e,, eq. 33) would yield the direct effects, and the differences

between the coefficients for x
5
, x

6
, and x

7 
in the reduced-fonn equation

and the fully specified equation yield the· indirect effects of the 
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,-:;respective,exogenous variables on x3 through the intervening variable. x4.

Estimation of the remainder of the model would proceed accordingly; 

the numeric results for this model are shown in Table 1. The zero-order 

correlations for these data are available in Heyns (1974. p. 1441). 

Table 1. Sumiar.l'..£.!IJ:!1.resslon AnaJrus for ,tdel of Educational Aspirations 

lnderendent Varlablet 
Dependent 

Pa Educ (x5J Pa 0cc (x6} SIBS (x7J Verbal (x4} Grades (x
2

J Currie. (x3} Variables Cl 

Standard I zed Coefficients 
Verbal (x4} .148 .114 -.1M 
Grades 1•21 .106 ,092 -.083 
Grarles x2 .0�5 ,OSJ -.026 .342 
Currie. �•JI . 176 , 140 • .121 
Currie. x3 .111 ,090 • ,049 ,440 
llsplr. 

,
x1 ! 

.201 .132 -.108 
Asp Ir. X • 147 .091 -.0411 • J6J 
Asfllr. •l ,0?5 ,048 -,025 .148 .091 .419 

Rcqrenlon Coefficients• 
Verbal (x4} .561 ,078 •,931 28.45 

(,033} (.006} (,044) 
Grades l•z> .028 ,004 •,033 2,94 

(,002) (.000) ( .003) 
Grades (xzl ,015 ,OOJ -.011 ,024 

2,25 
(.002) (,000) (,003) (.001) 

Currie. (x3) .026 .004 -.021 .009 
( ,001) (.000) ( .002) 

Currie. (x3) ,016 .002 •,011 ,017 •,398 
(,001) ( .000) ( ,0021 (.000) 

Asplr, (x1) ,131 ,016 ., 106 
12,93 

(,006) (,001) (,008) 
As11tr. (x1) ,095 .011 •,047 ,063 11.14 

( ,005) (.001) (.007) (.001} 
Asptr. (x1) ,0(,2 ,006 -.025 ,026 ,223 1.M4 11. 30 

L.29JL----L..OOJl I ,P.Q.�_LOOIJ ,.2m l,!!�l 
• Standard error, •re shown In parentht1t1. 

u 

R2 

.090 

.040 

.147 

.099 

,275 

, 104 

.m 

.367 



If one happens to be interested in the extent to which two variables 

are causally related ( total effect) in comparison to their total 

association {zero-order correlation), one compares the zero-ord,er 

correlation with the reduced�form standardized coefficient. For example, 

the correlation of verbal ability, x4, and educational aspirations, x1•

was .425; the reduced-form coefficient was .363 ; thus ( .425 - .363)/ .425 

= .15 proportion of the correlation was due to spurious causal effects 

and joint associations among the exogenous variables. 

Indirect effects may be calculated from the coefficients in Table 1. 

For example, the direct effect of father's education,_ x5, on grades, x2,

is .055, and the indirect effect of x5 on x2 through verbal ability, x4,

is (.106- .055) = .051 . Notice that these components could also be 

calculated from the metric regression coefficients, which enjoy a more 

, substantively pleasing interpretation. Thus, a one-year increase in 

l father's education produces an increase in grades of .028 units, .015 of

r which is a direct causal effect, and ( .028- .015) a .013 of which is an
ifC 

i· indirect effect through verbal ability. Notice that the ratios of
l 
I 

direct and indirect effects are identical whether one uses standardized or
l• 

metric coefficients. Thus, .055/.106 • ,015/.028, within rounding error

(see Wolfle, 1977, p. 47, for proof),

Consider the effects of father's education, x5, on educational

aspirations, x1. The total effect 1s .201; the <lirect effect Is .095.

The sum of al 1 1ndfrect effects 1s ( .201 - .095) • .106 ; the ind1 rect 

effects of x5 on x1 throul)h verbal ability, x4, are (,201-.147) 11 .054

(note that this component includes ill indirect effects through x4, numely

P14P45 + P12P24P45 + p13p34p45 ); and the indirect effects of x5 on x1

through grades, x2, and curriculum, x3, are ( .1.47 - .095) • ,052.

9 



CONCLUSION 

The decamposition of causal components into direct and indirect 

effects may'be substantively important, because the decomposition allows 

the consideration of how causal effects occur. for example, when indirect 

effects oven,helm direct effects, one has in essence described the social 

mechanism through which the causal relationship operates. For example, 

father's and son's occupational statuses,are moderately correlated in 

samples of U.S. men. But the indirect effect of father's occupation on 

son's occupation through son's educational attainment is often greater in 

magnitude than the direct effect. In substantive·terms, the reason father's 

and son's statuses are correlated is because sons acquire educational levels· 

which lead to their acquiring occupational levels ,near those of their 

father's. 

Causal models are useful analytic tools because they allow both the 

author and reader to understand explicitly the assuned order of effects. 

lhe interpretations of decompositions calculated as a part of the analysis 

depend on the assumed causal order of variables. Which associations are 

to be decomposed depends on the purpose of the analysis and the presentation 

of results. It would serve little purpose to use the methods explicated in 

this paper to calculate a wholesale collection of indirect effects; unless. 

of course, these were required by the research questions which motivated 

the analysis. The methods explicated herein should ease the burden•of 

of analyzing causal models, but they are not substitutes for reflective

analyses of social data. 

10 
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Abstract 

Thh experimental field study evaluated educational interventions for 

ostcoarthrftics which focused on pain and disease n�nagement. One 

hundred-sixty subjects were obtained from four d_ffferent settings. 

Using a factorial design, patients were randomly as�igned to one of 

five treatment groups: (a) an information brochure only; (b) jofnt 

preservation teaching plus the brochure; (c) relaxation procedure plus 

the brochure: (d) relaxation procedure, joint preservation teaching 

and the brochure; and (e) no treatment. Effectiveness of each inter-

12 
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'. 

vention was determined by measures-of 'pain"a(!dfsti_ffness, •amount of
·, ', .. ·• , •• .,., .,, ,., 4 

inedic!ltion, mobility problems, changes in perceived level of st�ess
and knowledge gained about the illness. Both pre- and posttest mea� 
sures were obtained. ·Residualized gain scores tested via a two-way· 

ANOVA model demonstrated an overall significant, d,�crease for pain· (f. 

[4, 140] a 2.45, ! < .05). Post hoc analy�is identified the ·source 0• 

the decrease to be the relaxation procedure. Another interesting 

finding was that pain-related stress increased for rural_ residents an 

decreased for urban residents. Sig�ificant .increases in knowledge 

were found for subjects from a comnunity center. a rural· c011111Unity an· 

a university clinic. Subjects from a conmunity center and a universi_ 

ty hospital reported significantly less joint stiffness than subjects 

from a private hospital clinic. 

Evaluation of Educational Interventions 

for Osteoarthritfcs 

Due to the growth of the elderly population in the United States. 

a sharp increase in the incidence of osteoarthritis is occurring (U.S. 

Department of Health and Human Services, 1980}. This increase has in-,· 

tensified interest among health care professionals to find newer 

treatment approaches for this ancient disease. Because of the in

creasing number of persons with functional impairment and disability 

as a result of osteoarthritis, ft fs now considered to be a signifi

cant arthropathy (Huskisson , 1979). 

Osteo�rthritfs is a local disease characterized by narrowing of 

joints with proliferative degenerative changes at joint margins (Ehr

lich, 1979). Originating in joint cartilage, degenerative softening 

13 



occurs,followed by surface alterations, with eventual cartilcge col

lapse resulting in joint deformity {Sokoloff,- 1979). 

The symptoms of osteoarthritis, joint pain and stiffness, usually 

appear after rest but disappear with joint use. However, joint activ

ity may also precipitate pain and discomfort which increases as the 

day wears on. In addition, pain may be experienced at night because 

protective splinting of muscles around joints disappears during sleep. 

Moreover, the degree of pain is not necessarily representative of the 

amount of disease; making the,relationship nonmonotonic (Clark, 1976). 

While there is growing refinement regarding the definition, diag

nosis, and treatment of osteoarthritis, a factor often overlooked in 

its management is the provision of educational programs as an adjunct 

to patient care. Educating the osteoarthritic about the medical as

pects of the disease, pain management, joint protection and preserva

tion has implications for preventing premature joint crippling and di

minishing the impact of the disease by fostering knowledgeable in

volvement in a therapeutic program. 

The need for educational programs for the osteoarthritic was dem

onstrated by Dinsmore (1979) who reported that an informational pro

gram originally planned for 50 elderly persons with osteoarthritis, 

drew 150 requests for participation. Furthennore, Stross and Mikkel

son (1977) reported that after an educational session related to oste

oarthritis, 65 persons over 55 years demonstrated an increase in know

ledge. Concomitant with more knowledge, improvement in well-being has 

been another objective for educating the person with osteoarthritis. 

Gould {1978) developed an educational series covering aspects of oste

oarthritis that included principles of relaxation as a means of de

creasing muscle tension and stress. Overall participants reported 

14 



having more positive feelings about th�selves at th d 
• • 

e en of the 
series. 

Generally, pain, muscle tension and stress are interrelated..
Se lye (1976) has established that there is a physiol • 1 

• .r ,; 
. . og, ca connection 

between the phenomenon of pain and the stress response Ph . <., • ys1cal pa;
increases plasma cortical levels and interferes with 1 norma cortisol 
circadian rhythms, both indices of physiologJcal responses to stress.

Conditioning factors that enh�nce or inhi�it the stress response may· 

be endogenous (g�netic predisposition, age, sex) or exogenous (treat-·· 

ment with certain honnones, drugs, or dietary factors). In turn, be-• ..• 1,havioral responses can be either catatoxic (aggressive actions) or 
• • 

··<•:,i 
syntoxic (passive actions), �he former being inore physically harmful·· ..

than the latter. These actions are under cognitive control, there

fore, it is possible to consciously regulate responses encountered in

everyday stress (Selye, 1976):

Adjusting to a life of chronic pain certainly may be a 

stress for the arthritic. Moreover, frequent and prolonged elicita

tion of physiologic changes associated with stress reactions have· 

been implicated in the development of stress-·related disease. Benson� 

Greenwood, and Klemchuk (1977) have demonstrated that prevention and 

treatment of stress-related disease is possible by evoking the relaxa- • 

tion response .. The response can be achieved by various techniques, 

such as transcendental medication or yoga. The physiologic changes 

occurring during these procedures consist of decreases in oxygen con- .
sumpt1on, respiratory rate, heart rate, and muscle tension--changes 

directly counteractive to the physiologic stress response (Benson, 

Beary & Carol, 1974). 

15 



Along with physiologic stress reduction, the relaxation response 
. . 

can also affect experienced pain. With relaxation, the anxiety accom

panying pain lessens when muscle tension decreases; therefore, pain 

reduction may also be induced. Furthermore, since thoughts are dis-

tracted away from pain as the person concentrates on eliciting relaxa

tion, alterations in pain perception could activate the spinal-gating 

mechanism to affect pain control (Melzack & Wall, 1965). Grzesiak 

(1977) demonstrated the usefulness of relaxation techniques for the 

treatment of chronic pain in_ spinal cord injured patients. He.re

ported that when four subjects were taught to relax their muscles and 

refocus their attention onto pleasant images, less pain was experi

enced. Because of the small sample size, generalization of these 

findings are quite limited. Nevertheless, Grzesiak has demonstrated 

that positive outcomes can result when patients are active partici

pants in the care process. 

According to Orem (1971) "Ways of determining and meeting one's 

self-care needs are not inborn" (p. 14). Moreover, her definition of 

nursing focuses on the design, provision, and management of therapeu

tic activities aimed at self-care behaviors. The model suggests that 

self-care can be promoted in specific nursing care situations by way 

of sharing of knowledge necessary for incorporating therapeutic ac

tions into patterns of daily activities. Therefore, the purpose of 

this study was to develop and evaluate educational interventions utf

lizable i� a variety of settings, which focused on pain and disease 

management for osteoarthritics through participation in the care pro-

cess. 

This report will: (a) describe four variations �f a teaching ap

proach focused on pain and disease management in osteoarthritis; (b) 

l 
I 
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report the results of validity checks desi_gn�d to m�as�re th� exten,t
to which each intervention was operationa 1 i zed; a�d ( c) report the ef�
fectiveness of the four approaches on outcome measures indicating the·· 
extent to which patient education and/or pain control goals were
achieved in clinical and convnunity settings. 

Method 

An educational program for persons with osteoarthritis was 

for potential implementation in clinical. and both urban a�d rur�l • com;.
munity settings. This required a factorial design in which each in;. 
tervention was operationalized and manipulated as ·an indepe�dent com-. 
ponent. The first intervention focused upon an explanation of osteo

arthritis provided via an infonnation brochure; the second utilized a, 

nurse-taught approach focusing on joint management in addition to the. 

information brochure; the third was a nurse-taught relaxation proce

dure plus information brochure; and the fourth intervention combined 

the nurse-taught joint management approach with the relaxation proce� 

dure and the information brochure. Effectiveness of t�e interventions· 

were dete'rmined by measures of: (a) pain; (b) stiffness; (c) amount 

of medication; (d) mob11ity; (e) change in perceived level of pain

related stress; and (f) knowledge gained about osteoarthritis. Valid

ity ch�cks of the interventions included readability analysis of the 

brochure and analysis of typed transcripts of nurse-taught interac

tions. 

The ossi9nment procedure incorporated random assiqnment of volun

teer subjects to experimental or control qroups. In turn, the experi-

mentals were randomly assigned to type of interv_ention. Except for 

the rural group, each experimental group for each site was composed of 

ten subjects; each control, of five·subjects. In the rural sample 

- f 
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there were five subjects in_each experimental group; five subjects in

the control. Table 1 surrmarizes patient assignment to procedures ac

cording to research site. 

Intervention 

Brochure 

Teaching + I 

Relaxation + 

Table 1

Design for Manipulating Approaches: Assigment 

of 160 Subjects 

(I) 

(II) 

I (II I) 

Site 

Conmunity University 
Center Hospital 

(n. = 45) (n. = 45) 

10 10 

10 10 

10 10 

Private Rural 
Hospital Conmunity 
(.!!. = 45) (.!!_ • 25) 

10 5 

10 5 

10 5 

Combination of 
I + JI + III 

Control 

Sampl !: 

(IV) 10

(V) 5

10 10 5 

5 5 5 

The 160 subjects who participated in the educational program were 

from four different setti�gs: an urban senior center (n. • 45): outpa

tient clinics of an urban university hospital (n. • 45); outpatient 

clinics of a private inner city hospital (n. • 45): and a rural group 

from two small towns with populations less than 3,500 (n. • 25). 

All persons identified by chart review or who affirmed by self 

report that they had osteoarthritis were eligible fo'r this study. 

ltJ 



Sample 
Characteristf cs

� (yrs} 
40-59 
Go-79 
80-9o+ 

fil 
Hale 
fl!lllclle

!fil 

Black
White

Harftal Status 
Single 
Harried 
Sep,/Div.
Widowed 

Living ,on. 
Alone 
With others

Education (yrs) 
13 or more 
9 to 12 
8 or less

Wor� St1tu11 

Prof.-H.sna�. 
Skfll.•Tec 
Clerk-Sec. 
Unskflled 
Never Emp.

Em2, S�•�us 
Employed 
Homemaker 
Unemployed
Retired 

Table 2

Sele�ted Sampl; 'chara�terhf
r

�/of 160 Pe�son1
'.

i:1f\iri 

with Osteoarthritis by'Site < 

:, '1 ,:;; '

Percentage,by Site : iY"!: ;;, i 

/t-:, 

Comnunity University Private "··'('/k� 

Center Hospital Hospital • Rural Total'li 
(n. • 45) (.!!, • 45) (n. "' 45)

Coiimunity Sample"'':'.l!i 
(.!!. • 25} (n. = 1f6)

1' .•ift, 

2 38 11 
85 60 69 56 13 2 20 44 

29 22 ·13 16 71 78 87 84 

49 24 
100 51 76 100 

4 6 4 16 
36 31 27 16 
4 16 18 4 

56 47 51 64 

36 38 60 56 
64 62 40 44 

31 6 11 20 
38 51 33 40 
31 43 56 40 

18 2 2 16 9 

13 6 13 12 11 
29 16 11 8 17 
27 66 51 48 45 
ll 20 23 16 18 

4 4 2 4 4 
9 20 24 16 17 

33 9 12 
87 43 65 80 67 

•
11Reported "work status" based upon subjects who were in and/or retired from the labor 
force, and were classified into groups using llollingshead's (1975) Four Factor Index of 
Social Status as criteria. 
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Subjects .were told that participation was totally voluntary, decision
to participate would in no way effect·their care, and confidentiality
was assur�. Written consent was obtained. 

The resulting sample (Table 2) was heterogenous as expected;
thus, potentially enhancing the generalizability of the f1ndings. It
should be noted, however, that a high proportion of persons were re
tired {67%). There may have also been over-representation of ethnic
groupS, caucasian (79%), and sex as evident by the relative high pro
portion of females (79%). 

Measurement 

Sixteen i.tems made up the interview schedules. Each item was 

chosen according to .criteria demonstrating documented usefulness from.
the literature. When possible, triangulation, that is. different mea

sures of the same variable was used to enhance construct validity. 

Using this approach, items representing constructs such as pain, 

stiffness, medication-taking behavior, mobility. and pain-relate� 

stress were formulated and measured in the following manner: 

Pain: Subjects were asked to indicate which word best described 

their� arthritic pain (0 • none; 1 • mild. 2 • discomforting; 3 • 

distressing; 4 • horrible; 5 • excruciating) on the McGill pain inten

sity scale (Melzack, 1975), Next, infonncstion on pain frequency and 

pain duration was elicited then categorized according to response. 

Pain frequency was coded uttliztng a seven point scale (O • never; to 

6 • all the time); pain duration was coded using a ten-point scale

(0 • never; to 9 • all the time). 

Stiffness: Quantifiable data were obta lned,as follows: Degree 

of stiffness was assessed using a four-point scale (0 • none; 1 • 
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mild; 2 = moderat_e; 3 = severe); infonnatio� related to duration of 

stiffness was coded using a ten-poi)'lt scale (0 = never; to 9 = all the 

time). 

Medication-taking behavior: Prescrib�d medications ·for treatment

of osteoarthritis were coded on a five-point scale (0 = none; 1 =

analgesics; 2 = arthritis medication; 3 = codeine derivati,ves; 4 =

combination of analgesics and arthritis medication). In addition, 

self reports of the amount and frequency of medication use were also 

obtained. 

Mobility: Self-reports of ambulation difficulties, degree of as;. 

sistive device use and related problems associated with osteoarthritis 

were also coded using similarly described rating scales. This methpd 

provided quantifiable data for mobility problems encountered inside 

and outside the home. 

Pain-related stress·: To provide a reference point from which 

pain-related stress could be evaluated, information on life stress was 

obtained first using a ten-step ladder scale. After scale end points 

had been defined in terms of least to most stress (one representing 

least; ten representing most), subjects were asked to indicate which 

ladder step represented.the amount of perceived stress in their lives 

at the present time. Repeating this procedure, subjects were then 

asked to indicate the amount of stress their usual arthritic joint 

pain caused them. 

Knowledge: Four questions were asked,· The first two questions 

were developed for this study and the last two questions were from the 

McGill Pain Questionnaire (Melzack, 1975). The questions were as fol

lows: (a) 11 1n your own words, tell me what you know about arthritis?" 

(b) Tel 1 me what 1.2!! think is the most important thing you can do for

- If 
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your arthritis?". (c) "Hhat kind of things relieve_ your pain?" and (d) 

"�Jhat kind of things increase your pain? Responses to each question 

were coded using a five-point scale (0 = no knowledge; 1 = one correct 

statement; 2 = two correct statements; 3 = three correct statements; 

4 = knowledgeable). 

Reliability and validity for the McGill Pain Questionnaire has 

been established (Melzack, 1975; Brena, Chapman, Stegall, & Chyatte, 

1979). Therefore, validity for the pain intensity scale and questions 

related to behavioral responses to pain taken from the McGill Ques

tionnaire for use in this study is assumed. 

To establish reliability for the interview items, a pilot sample 

of eight female nursing home residents (mean age 82.4 years, SD = 

6.97} were administered interview schedules. This resulted in a Cron

bach's alpha of .80 after a split-half approach for estimating relia

bility was used. 

Procedure 

Interviews were conducted before and two weeks after i nterven-

t ions were given. Protocols for interviews and interventions were as 

follows: 

Preinterventfon interview: Open ended questions from the inter-

view elicited the followin<J: (a) sociodemoqraphic data; (b) inform,1-

tion pertaining to perception and knowledge of illness; and (cl infor

miltion on pain intensity and behavioral responses to pain by the use 

of selected items from the McGill Pain Questionnaire (Melzack, 1975). 

In addition, subjects were asked to indicate on a ten-step ladder 

where they would place their perceived life stress and pain-related 

stress after end points had been defined in terms'of best and worst 

possible conditions. 
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After the above data had been collected, the nurse investigator-:: 

carried out the a�signed intervention, �t the end of the interaction; 

� follow-up tele�hone interview was scheduled with the subject. 

• Interventions: Patients ass·igned io Intervention J- were given a

brochure prepared by the Arthritis Foundation (1979) entitled , "So you 

have ••• Osteoarthritis" •• The brochure covered general information 

related to osteoarthritis, including definition of the illness. symp

toms and how pain occurs. medications, physical therapies. and surgi

cal procedures. Because the Arthritis Foundation is a professional.· 
\ 

organization with experts available to it, credibility and content va-

lidity for the information was assumed. 

Reliability for implementation was achieved by the following: 

(a) explaining relevant passages from the brochure to ensure patient

understanding; (b) pointing t9 appropriate pages to elicit comments

from patients on the informational content; and (c) analyzing th� ; -·

written material using the formula developed by Flesch (1948) for.,

readabfl fty.

Application of the Flesch formula for t�sting level of abstrac

tion entail.ed the following: counting numbers of words contained in 

three randomly selected 100-word sections from the brochure. then 

counting word syllables, numbers of personal words, and sentence 

length which after averaging were placed into the appropriate formula:
/ 

reading ease• 206,833 - .846 x averaged word length - 1.015 x aver-

aged sentence length. This procedure resulted in a readability score 

of 55.25 which fell in the middle of the 50.to 60 fairly difficult 

reading range. Since the �verage number of years.of. education was at 

least eight (83.1% of the 160 subjects reported grade school gradua

tion), ft was concluded that persons in this study would not have dif-
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ficulty understanding the brochure. 

Patients assigned to Intervention II received the brochure plus a 

nurse-teaching approach on joint preservation which focused on promot

ing self care (Orem, 1971). 

Joint preservation was taught by demonstration of range of motion 

methods; joint protection was taught through information on body me

chanics. To provide a certain amount of uniformity, diagrams of range 

of motion.exercises and written information on joint protection were 

given to each person in this group. Although some variability in the 

approach was inevitable, the content of the information given to each 

person remained the s�me. 

Validity for content of this teaching approach was obtained from: 

(a) assessment of the individual's pain, knowledge, and methods of

controlling pain; (b) information given to the person in the teaching

program; and (c) authorities in the field of arthritis. For the lat-

ter, two major sources were used: Toohey and L'arso� (1977) and Wat

kins and Robinson (1974). Both works were compiled by experts for use 

by health care professionals and patients, thus content validity is 

supported. 

Since site of pathological involvement varied between persons 

given the nurse-teaching approach on joint preservation, validity for 

implementation of this intervention was obtained by having two inde

pendent cod�rs assess 20 typed transcripts randomly selected from a 

pool of 55. These transcripts were obtained from recordings of this 

intervention. On a five-point scale (very low to very high), coders 

were asked to judge to what extent the nurse: (a) assessed patient 

knowledge; (b) identified the person's needs;(�) did not use a did�c

tic (lecturing type) approach; (d) individualized the intervention; 
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' ·: ' J : ,\ ") ; ' • !, �' . 
. . �- . (e) adju�ted �terial to the person's level of'understanding; and (f) ·

explo�ed ac��ptab,ility'of, the proposed solutio�-with the person:\?' · ·• 
The results showed that 82.5% of the ratings fell within the ex

treme upper end of the �cale (very high) 11nd 17.5% within the next 
1 evel (high). indicating that the teaching approa·ch was adequately' op
erationalized. Using Yates correction factor. a one-sample chi-square 
test for differences between observed and expected frequencies indi-. 
cated that ·the possibility for obtaining a value of high as •the x�,[lJ 

= 55.J value found for the coders' ratings was less than .001, thereby 
·�, ' 

supporting that the teaching approach was utpized. Furthermore,_ a_;
significant correlation (!," .74, .P. < .005) obta.ined between coder

ratings of the scale'·s coded categories indicated that a certain mea

sure of consistency in nurse-teaching approach for this intervention 

had also been achieved. 

Patients assigned to Intervention III received the brochure and a 
'·1,\) 

demonstratf pn of the Benson, et. al., (1977) relaxation techniq�e mod-
�)') 

ffied for this study. Each subject in this group was instructed to -
. ; ' ,'' '� �· 

relax· in the following man�er: (1) sit comfortably and close you� 
' �� 

eyes; (2) relax all your muscles; (3) breathe fn and out slowly hold-

ing your breath to a count of� repeating this procedure five times;· 

and (4) open your eyes and try to imagine something pleasant for your

self. 

In order to determine whether the person understood, each tech

nique was demonstrated by the fnvesttgator and a return d�nonstration 

was given.by the subject. In addition, the.subject was given written 

material outlining the technique along with an explanation of the use

fulness of a quiet environment in facilitating relaxation. In these 

ways, validity and reliability for the intervention were enhanced. 

- .
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Benson, et. al., (1977) do ·not give specific information regard
ing the validity of the approach except to note that the relaxation
response has its roots in history and is reported as being used in
various fonns by:both ancient and modern cultures. To validate the
occurrence of the relaxation response, physiologic criteria related to
changes incurred during relaxation have been.reported (Benson, Alexan-

-- .. -· 

der, & Feldman, 1975; Patel, 1973; Stone & Deleo, 1976).

Persons assigned to Intervention IV received the_ brochure plus 

the nurse-taught approach on joint preservation and the relaxation 

procedure as previously described. 

Patients assigned to Intervention V received no direct interven

tion as they were assigned as controls. However, after posttest data 

was obtained, the information brochure and materials related to joint 

management and relaxation, with an accompanying letter explaining the 

information, were mailed to each control subject. 

Posttest Interview: Approximately two weeks after the initial 

interview, the subject was contacted by telephone. Initial questions 

asked at pretest were repeated (excluding sociodemographic informa

tion). These questions dealt with information on pain intensity, 

pain-related behaviors, stiffness, ll)Obility, perceived level of pain

related stress and knowledge about osteoarthritic disease.

A total of seven subjects (four male and three females) were un

available for follow-up interviews for the following reaso�s: patient 

hospitalized, spouse objected, phone disconnected, subject uncoopera

tive, and subject unavailable. Analysis of subject attrition showed 

that the drop out Ntte confonned to no specific pattern across sub

groups or sites. Since no violations in randon'lness of subject assign

ment had occurred, missing values were replaced by 'subgroup means. 
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Educational Interventions for Osteoarthritics 

Table 3 

Stmnary Table of Adjusted M�ans for Dependent Measures by Intervention 

(I) ( II) (III) (IV) (V) 
Brochure Teaching Relaxation Combination of Control 

Pretest + I + I I + II + III ./ 

Variable Mean (n_ = 35) (n. = 35) {n_ • 35) (n. = 35) ' ·, <n..� 20) ;
-

Medication-taking �- •.t 

behavior 4.63 4.16 5.06 5.18 4.31 

"Mobility 4.54 5.16 4.93 4.59 3.99 
,:.�, 

';.:. 

Stiffness 4.76 4.82 .. 4.97 . 4.88 4.73 ?� 
.-� ;._} ' :: ,- 1,-,. 

Pain 10.63 11.73 11.13. . 9:65 10.14 

Knowledge 11.84 11.77 10.64 12.64 1,.31 
1: 

Pain-related 0.93 0.57 1.04 0.75 0.95 • 1.62

stress ,. 
�;. 

�"l: 

� :�{:it·" ,;.;, 

• -::1 ,:;. -�-"< 

. �-· � '-, . 
_:'i- r .. ;·; 
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Educationai Interventions for Osteoarthritics 

Table 4 

Sumnary Table of Adjusted Means for Dependent Measures by Site 

Comnunity 
Pretest Center 

Variable � (!!. = 45) 

Hedi cation-taking 
behavior 4.63 3.85 

Mobility 4.54 4.09 

Stiffness 4.76 4.11 

Pain 10.63 10.68 

Knowledge 11.84 12.34 

Pain-related 0.93 0.55 

stress 

.. :�..::,·"�, 

l ••

M' X:;t;
i

<,�u�

.3;, .. 

University Private 
Hospital Hospital 
(!!,_ C 45) (!!. • 45) 

4.81 5.38 

4.45 5.31 

4.38 5.82 

·10.65 10.74 

12.68 10.00 

0.41 1.08 

' �-.; ·�--
;. ' 

.

Rural 
Conmunity 
(n. • 45) 

4.37 

4.14 

4.69 

10.29 

12.73 

2.30 

_'_'":'.:._ "- --



'Results 

Using an Internati<mal ,Business Machine'. (IBM) computer program, 
,. 

' 

'(y,' 

pre- and posttest measures were reduced and-grouped unde� the follow

ing variables: pain, stiffness, medication-taking behavior, mobility 

pain-related stress.and knowledge. From these six resultant vari

ables, residualized gain scores were generated and tested using two

way analysis of variance (AN0VA} models that compared interventions 

with research sites. Adjusted means for type of intervention and re

search sites as predictors on the six criterion variables are pre

sented in Tables 3 and 4. 

Results from the two-way AN0VA models with post hoc analyses are 

sunmarized as follows: 

Pain: A significant main effect for type of intervention (f [4,' 

140] • 2.45, f. < .05) was observed. No main effects for sites or in

teraction between interventions and sites were found. To isolate type

of intervention,! tests for differences.among several means were per

formed (Bruning & Kintz, 1968). The value for critical differences •

(C. diff.) at, the alpha .05 level for group contrasts was C. diff. =

1.51. The results showed that subjects who received the relaxation

procedure ,Intervention III) reported significantly less pain {C.

· df ff, • 2.08) than subjects who received the brochure (Intervention

I). Subjects who received the combined approach (Intervention IV) al

so reported significantly less pain (C. diff. a 1.59) than subjects

assigned the brochure. No significant differences b�-�een other in
tervention group or intervention groups and controls were··tound.

Stiffness: A significant main effect for sites was found ([ [3, 

140) ,. 2. 77, f. < . 05) although no main effects for interventions or

interaction between site and intervention were evidenced. To isolate

- .
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these effects, ! tests for differences an,ong site means were per

formed. The critical difference at alpha .05 level was C. diff. = 

1.33. Subjects at the community center (C. diff. = 1.71) and at the 

university hospital (C. diff. = 1.44) reported significantly less 

stiffness than subjects at the private hospital site. No other sig

nificant differences were observed. 

Medication-taking behavior: No significant main effects or in

teractions between interventions and sites were found. 

Mobility: No statistically siqnificant fin<lings for the t�,o-way 

ANOVA model comparing interventions with sites were observed. 

Pain-related stress: Only a significant main effect for research 

sites was observed (£. [3, 140] = 3.65, f_ < .05). \�hen sites were com

pared using the 1 test (critical difference = 1.10, at alpha .05 lev

el) subjects at the rural community reported significantly more stress 

when compared with subjects at the community center (C. diff. = 1.75), 

university hospital (C. diff.' = 1.89), and private hospital (C. diff. 

= 1.22). Other significant site differences related to pain-related 

stress were not found. 

Knowledge: Although no n�ln effects for interventions or inter

action between interventioris and sites were evhlenced, a rnairl effect 

for res�arch sites occurred (f (3, �401 • 3.10, f < .05). Sites ex

ceeding the critical difference of 2.18 (alpha .05 level) for l test 

mu 1 tip l c group comµa ri sons were convnun i ty cen tcr ( C. d if f. ., 2. 34), 

univer'.iity hospital (C. dlff. "2.68) and rural community (C. diff. ' 

2.73) when individually compared with the private hospital site. No 

further significant site differences were found. 

Discussion 

Although no single educational intervention for osteoarthritis 
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·A somewhat surprising finding was the significant increase in

pain-related- stress reported by persons at the rural col!lllunity. One 

explanation for this could be that the nurse-patient contact which fo

cused upon pain (a rare event in the rural area) may have effected in

creased stress levels in these persons.· Another explanation may be 

that the increased stress levels indicated a need for further nurse

patient contact. This contention is supported by the fact that during 

the initial contact, subjects stood in line waiting to be interviewed. 

Nonetheless, persons living in urban areas such as the community 

center, university hospital and private hospital reported less stress 

when compared with the rural residents. Even though stress reduction 

could not be attributed to a specific intervention, it is speculated 

that persons taught range of motion exercises and relaxation proce

dures may have experienced less st;ress since both procedures are ef-

fective methods of pain control. As pointed out by Smith and Selye
(1979) one way a nurse can help a patient reduce stress is to educ�te
the individual on how to control stressors (such as pain). Further
support that exercise and relaxation may have effected stress reduc
tion is gained by the fact that no significant 'changes i_n medfcation
takfng practices occurred. 

Furthermore, sfgnificant increases in knowledge were reported by
persons at each research sfte except the private hospital. Since each
person assigned to an educationaJ intervention received the informa
tion brochure, the lack of identification of a specific intervention
related to knowledge gained about the illness fs not unexpected. How
ever, it was unexpected that private hospital subjects reported no 
change in knowledge related to their illness. Sinte these persons 

were at the lower end of the educational continuum (56% reported an. 
educational level of eight years or less) the acquisition of knowledge 
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rel
a

te d  to t he ir '  il'ln°ess ma;' 1t�v"e1>e 'en:difff�u�t\��-Another' ex'pl �nati �n
, , ' I ., � •' ' ; • '• ,;,, I\ ;,, ,,'

.,. ' •""i c, .,' c oul d  be t hat due t o rel ia nc e on pr
i vate physicians, t

hey lacked the 
mo tiv at ion to le ar n ab o

u t t
hefr 'ill nes s  and i ts� management .. Nev erthe

le s s, t he majori ty  of sub je ct s in t his s tud y were motivated to lea rn,
a s  refle cted by the inc rea s ed k no wle d ge reported by persons ·at t he
cornnu nit y  c enter, u niv e rsit y hospital and rural community sites.'

In general, a p proxim atel y, ha lf of the persons 
g
iven exerc

is e·in-
form at ion, sli ghtl y le ss th an half of those who received relaxation 
procedur es, a nd about on e- t hird wh o rec eived t

h e information broc
hure

repor ted 
t he infor matio n  as us eful. S in ce no m arked differences �,ere

repo rte d  in t he ut il it y  of t he v a rious e ducational approaches, support.
for a n y  on e  o v er t he othe r  cannot be pro mot e d . ·' N evertheless; the fact
t hat a g ro up of el de rly pe r son s  c o ope r at ed wi th the instructio�al i n
terventio n s  a nd were r ec ept iv e to le a rn i ng ab o ut osteoarthritis demo n-

) , ¥.: '1 
:' .]' ;

'
� s tra ted a n e ed fo r  p at ie nt e du c ati o n i n t his area. According to ·Hal� lingsw o rt h  (19 8 0), "so metimes a mode s t gain may represent a major 9ain

in t he a b
il

ity of t he ol der pati e n t t o f�nction and to remain in
1

dep�n
de nt, N

o p atie nt is mo r e  gr ate ful tha n  th e arthritic who lives with c on stan t pain" (p. 2 2 8). The r efo r e, the e xpressed usefulness of the
e du c at fon al m ate rials a long w ith the mini ma l dropout suggests that per
s o n s  p,, rt ici p4 t fn9 in t hfs stu d y  wer e  generall y  s atisf ie d  � ,ith t he in 
t ervent ion s, 

An othe r  indic at i on o f  patie nt sat i sfaction was the significant
gain in know ledg e  a bout t he i ll n e ss sh o wn by subjects at t hree of 

t h
e 

four se tt
i
ngs. W it h  

r egar d  to l ea r ning in the older person, Sc
haie

(19
7

5
) 

poin ted out t ha t t he el de rly a re not less intelligent than
yo ung er pe rs on s, hu t  m ay ap pe a r  so be ca u s e  their educational back
grou nds d iffer ;  c onsequentl y, a n  o 1 de r  pe r s on ' s  abilit y to 1 e ar n  m a y

-

.
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be underestimated. The increased knowledge reported in this study 

reflected the capability of elderly persons to learn about disease 

management. Therefore, -it may be speculated that educational programs 

related to osteoarthritis and its management_need to be developed and 

implemented since education in this area may also be perceived as 

helpful by other elderly persons. 

*This research was partially funded by an award from Sigma Xi,

The scientific Research Society made to Dr. Joyce Laborde, 1980. 
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TIPLE LINEAR REGRE8810N VIEWPOINT• 

VOLUME 12, NUMBER 1 SPRING 1088 

COMPARING MULTIPLE REGRESSION 

PROCEDURES AND CHI SQUARE 

IN MMPI ITEM ANALYSIS 

W. Glenn White

Unlverelty of Mleeourl-St. Louie

Abstract 

Multiple regression procedures and chi •quare were used to analyze 
the MMPI item• for a group of 110 black and white Nle college stu
dent•• Most of the items identified by the multiple regreHion 
procedures were also identified by chi square. Th• added advantage 
of having a2 as an estimate of the percentage of variance accounted 
for by race i• discussed in rel�tion to selecting items in empirical 
scale constructi(IR. 

The MiM••ota Multiphasic Personality Inventory (HHPI) consists of four 
validity scales and 10 clinical acal••• In addition to these 14 scale• more than 
400 •p•cial •calea have been developed from the KMPI pool of 550 items (Duckworth 
, Duc�worth, 1975), The method of empirical •cale con•truction ha• been used in 
the development of 111any of the ori9inal and •P•cl,a\ KMPI •calu.

In the empirical approach, MHPl iteu re•pon■e• of two d!•tinct group• 
(criterion and control) are contra•t•d to in•uro that •cal• itolllll are •elected 

'Which aro empirically related to tho charactori■tic bein9 •••e•sed. 11.41search•r• 
will uaually ■elect itema fo.r inclusion in the now 1calo on the ba■11 or the level 
of 1ic;nificance, uaually .os, trcm the re1ults of a chi ■quo.re teat. Once the 
itema have been ••l�ctod, aeveral other step■ are carried out which include com
par�n9 the 111eana or the criterion and control 9roupa. It the purpoae or tho now 
•cale 11 to clo.s■ify individual■ into dichotomou• groups, (i,e., black-white,
alcohol-Le - non-alcoholic) cutting 1corea are al10 e1tabliahed, Tho point of
thi• 9eneral do•cription of 1cale con•truction 1• to 1how tho.t little, it any,
direct attention 11 9iven to .. •••••ing th• •trongth of the relationahip between
the item re•ulta and the criterion.

Leitner (1979) has recO'll'.mended multiple rogres•ion procedure• in analyzing 
Rx C contingency tables, Chi aquaro i■ usually applied to the9e type of data. 
Th• multiple regro■sion approach provides the researcher with an •stirnate of the 
percentage of variance (R2) accounted for as a way ,to better understand the 1ti-engt.h 
of tho relationship implied. The purpose of this atud/ was to examine the result$ 
fr0111 item analyses conducted on a single su�le using both chi square and multipla 
regression procedures, 
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.: ' ' Sub jects 

The sub
jects we re 

110 black (n = 5
7) and whi te 

( 

n = 53) 'male first and seccyear c olle g e  st u dents from a st ate un i _ vE:rsity in Missouri. 
Procedures

The i tem re s pons e s  of t he s ample wer e ana
lyzed using chi square andm ult ipl e  r eg r e ssion proc edur e s  form the S A S  package (Barr, e

t al., 1 9 7 9).
For the mu lt iple regression analysis the variable s  we re c ode d 

as fol lows:

X = 1 if subje ct was bla ck; 0 if wh i

t e  
Y = 1 if item -respons e  w as true; 0 if f alse 

Results

The ch
i squar e  ana ly s is i denti fied 127 i tems th at differentiated blacks andw hit

es at t he ,0 5 l evel or be tt e r  and the multiple regression _ anaJ.yeie ident ified 124. T her e 
w
ere 1 4  items i d en t ified_b y  chi square and no

t id�ntified by multiple. 
� ' .· regr ess

i

on ,  Ther e wer e  f iv e  items ide ntified b y mult i pl e  regression and not identi fi

ed by chi squa
r
e.

Discussion

Most o
f the items identif

ie d  b y  th e  c hi square anal y sis w e r e al so identif ied
by 

t
he m ul t

iple reg reanton a pproach, Whe n  the R 2s from th e  m u ltipl e  regre ssi�n 
( >,i ap pro a ch w ere ex 11mine d, t he fol lo wing patte rn emerge d, In ge n eral, for items. wi t! p levels be twe en ,0 1  and ,05, r ace acco unted fo r  about 5 %  (or less) of the variancf

or 
iteme w i

t
h p leve l s  betwe en ,001 an d  ,0 09, race a cc ounted fo r  6 to 8% of the 

v ar i

ance; for iteme w
ith p levels betw een ,0 001 and 

.
0008, 

r
a
c e  account ed f or abo u12 t

o 
15 %  

of the vari ance ( one item reached 
20%). For about half o f  t

he itemsiden
ti

f
i

ed as be
lng signifi c ant, r ac e  a cc o unted for 5% or le s s  of the variance.

The p l evels we re examined fo r  th� 213 rac e-s ensitive ite ms identified by Harrison
an d 

D
o.as (

19 67) in their s
tudy of bla ck and white pre gnant wo men. About ha lf of
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he items had p levels between ,01 and .05. Making an assumption that the pattern 

ound by Harrison and Kass, was at least somewhat similar to the results of the 

urrent study, about half of their items would also have R2s of 5% or less. 

Although Harrison and Kass did not develop a scale from their race-sensitive 

tems, they have been used, in part, as the basis for selecting items for at least 

wo MMPI scales (White, 1974; Costello, 1977), The issue to be raised, not only 

or the two studies cited above, but for item analysis and empirical scales gener

.lly is whether researchers can develop better scales (e.g., more highly correlated 

ith the criterion) by considering the amount of variance accounted for by the item 

ifferences. If not better scales, perhaps scales just as good with fewer items, 

,y removing items which account for small amounts of variance. It should be 

,ointed out that the Leitner (1979) article also demonstrated how the R2 statistic 

ould be generated form the chi square procedure, but it will be observed that most 

:eneral statistical analysis packages do not provide.the information directly, 
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THE IJSE OF FULL MLR MODEL TO CONDUCT 

MULTIPLE 

REPEATED 

I 

COMPARISONS IN A 

MEASURES' DESIGN 

AN INDUSTRIAL APPL/CATION 

John W. Fraa1 

A1hland Collea• 

� R. McDougall 

A1hland Collea• 

Abs tract 

This paper presents the MLR models used to analyze the 

impact of the aging process on the ductility of steel tubing. 

The discussion includes the procedure by which multiple compari• 

sons can be made in a repeated measures design by using only one 

ful 1 MLR model. 

1The company's name will not be used as requested by the company,
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The management of a fi nn that manufactures steel 'tubing 1t;�'s•-t:,< ''•:t; ,,,,/ 

, , • ,_ \�/:tx'·· fa�ed. with the problem of detennining what impact the agingproce.�ses

had on the ductility of the steel tubing.1 The purpose of this paper

is to present the multiple linear regression (MLR) models ,developed to''•. 
< ·, t ' t,,r,, '�:'.& , �. � 

analyze the impact that the aging process had on the ductility of the 

steel tubing. Specifically, the discussion centers on the:3ofnt �tili� 

zation of item vectors and multiple comparisons in the MLR models, ,as. 

discussed by Williams {1980). Included in this discussion, however, is 

the outline of a procedure through which only one full regression 'mode{· 

is required to ma�e multiple comparisons. 

Hypothesis 

The ,question being addressed by·the company was: Does aging 

affect the ductility of non-aluminum kilned steel tubing? If this ques

tion was answered in the affirmative, the ductility of steel tubing 

stored for periods of time in inventories could fall below a buyer's 

minimum standards. Such a result could cause inventory policy to change. 

Since the ductility of the tubing was measured by elongation 

values and management was interested fn three specific time periods, 

the null hypothesis corresponding to the question of interest was as 

follows: 

H0 : There is no difference between the three time 

periods with respect to the tube elongation values. 

The analysis of this hypothesis was best accomplished by the use of MLR 

models. The MLR models can best be understood after reviewing the 

sampling procedure and the method by which the aging process was 

simulated. 
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Sample and Treatments 

Sample items for this project were selected from production lots 

of tubing of various sizes of non-aluminum kilned steel. Since the 

tubing had to be exposed to three treatments to reflect the aging pro

cess and the collection of the dependent variable readings caused the 

tubing to be destroyed, three specimens were used from each sample tube. 

Extreme care was taken to insure that the three specimens machined from 

each selected tubing sample were alike. All three specimens were cut 

from the sample tube in .the same orientation and from the same side of 

the tube. Therefore, it was assumed that the three specimens from each 

sample of tubing were matched prior to the aging process. 

The aging process was simulated by exposing the specimens to 
\ 

various heat treatments, One specimen from each tubing.sample was not 

heat treated or allowed to age prior to testing. Those specimens not 

aged were considered exposed to Treatment A. The second specimen was 

heated to 300°F for 23 minutes to simulate one year of normal aging. 

Those specimens aged one year were considered to be exposed to Treat

ment B. The thf.rd specimen from each sample tube w�s heated at 300°F 

for 60 minutes to simulate 2 1/2 years of aging. This treatment was 

labeled Treatment C, 

Twenty-seven separate samp't es of various sizes of both square 

and rectangular structural tubing were selected for use in the study.

As previously mentioned, each sample· tubing was divided into three sec

tions and each section was exposed to either Treatment A, B, or C.

Thus, the total sample size was 81 with 27 tubing specimens being

exposed to each treatment. 

44 

r: 



Variables and Regression Models 

Dependent Variable 

Elongation values were used as indicators of the ductility"'cif 'the:, 
,; ... ;,',-,Y�0f• 

tube. The elongation values were obtained by administering 'a starid'ardl<:li.; .. i
·,:':' 

strip-tensile test to each tubing specimen after it had been exposed :'to i:ic,

the appropriate heat treatment. Each specimen of tubing was notched 1in•':'>

the middle. Marks were.placed two inches apart in the notched section·•

of the tubing and the tubing was stretched until it broke. The pieces

were placed back together and the percentage increase in length between:'.·'

the two marks served as the elongation value.

Independent Variables 

To insure that the regression models developed to test the null 

hypothesis were accurate reflections of the situation, i.e., a Type VI 

error would be avoided (Newman et al., 1976), four independent v�riables 

were required. The four independent variables were as follows: 

X1 • Treatment A (no aging). x1 was equal to 1 ff the

tubing specimen was exposed to Treatment A; 

O otherwise. 

X2 • Treatment B (aged 1 year). X2 was equal to 1 ff 

the tubing specimen was exposed to Treatment B; 

O otherwise. 

X3 • Treatment C (2 1/2 years of aging). X3 was equal 

to 1 if the tubing specimen was exposed to Treat

ment C; 0 otherwise, 

X4 • Vector to represent the item vectors. X4 was equal 

to the average elongation value (Y) for the three 

specimens obtained from a given piece of tubing. 

- ,
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The dUlllll.Y variables X1, X2, and x3 represented the treatments

that simulated the aging process. Since the regression models were 

analyzed through a matrix inversion process. only two of the treatment 

vectors could be entered into a model at one time. 

Variable x4 was a key variable to include in the model and a 

variable that required that caution be taken in the interpretation of 

the computer printouts. Since the three specimens taken from each 

sample tube were considered matched, it was necessary that the regres

sion models reflect that fact. The matching characteristic would 

necessitate the use of 26 item vectors, as discussed by McNeil, Kelly. 

and McNeil (1975). Pedhazur (1977) and Williams (1977). however. 

outlined a procedure by which the impact of the matching can more easily 

be represented by one vector. This vector, represented by X4 in this 

study, was formed such that the entries for the three specimens for a 

given tube were equal to the average elongation values (Y) for those 

three specimens. 

To illustrate the data coding procedure for the independent 

variables consider the data for the first 9 of the 81 specimens as 

listed in Table 1. The vector values indicate that the first specimen 

had an elongation value (Y) of 22. It was exposed to Treatment A (X1 • 

1, X2 • o. X3 • 0). i.e .• it was not aged. Finally, the value of 20 for

X4 was obtained by averaging the elongation values of 22, 19, and 19 

recorded for the three specimens obtained from the same piece of tubing. 

Thus, the value of 20 recorded for Specimens 11, 12, and 13 indicated 

that they were obtained from the same piece of tubing. 
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Vectors 

Specimen 

#1 22.0 

#2 19.0 

#3 19.0 

#4 24.1 

#5 22.0 

#6 22.0 

#7 23.1 

#8 20.0 

#9 19.0 

Regression Models 

0 

0 

1 

0 

0 

1 

0 

0 

Vectors 

0 0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

20.0 , � "' 

22.7 

22.7 

22. 7 :-.�: n 

20.7 

20.7 
20.7 

The full regression model that reflected the research hypotheses 

used in this study was: 

(Model 1) 

The restriction placed on Model l, which was required to test the fmpact 

of agfng, was b1 • b2 • 0. The resulting restricted model was:

(Model 2) 

The results of the computer analysis of the MLR models are con

tained fn Table 2. The R2 values for the full regression model (Model 1) 

and the restricted regression model (Model 2) were ,9197 and .6789, 

respectively. To determine whether the decrease fn the R2 value was due 

to sa�lfng error or the influence of aging, an F test was conducted. 
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Hodel 1": 

Model 2: 

Table 2 

Analysis of Hodel 1 and Model 2 

Y = aoU + b1X1 + b2X2 + b4X4 + E 
(-1.55) (4.22) (.148) (1.00) 

R2 • .9197 

Y = aoU + b4X4 + E2 
(-.097) (1.00) 

R2 • .6789

Note. The values contained- in the parentheses are the 
regression coefficient values.

The fonnula for calculating the required F test was as follows: 

F •

where: 

Ri • the R2 value for Model 

R: • the R2 value for Model 2 

dfn ■ the number of restrictions placed on the
full model to obtain the restricted model 

dfd • total sample size minus the number of
intercepts and independent variables 

The F value was calculated as follows: 

F • (.9197 - .6789)/2 • 77.97
(1 - .9197)/52 

It is important to note that the degrees of freedo� for the denominator

was equal to 52. Since the sample size was 81 and ft appears that there
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are th ree 1ndepen
dent vari a bles in t h e full r egres sion .model (MOdel 1).

, , '. , .'
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one mig ht thin k that th e' df d ' s hould be equal ''to '[a(i:.(3+ 1 }] or .. n .. · One 
" ,,. • " .... "" ., ,,,., • •  7""1"!��·:1·'.·,.�,:;"i��4,�

;� ·:'{,:.:;:�
:'.t, ,:

"'"'." ... '"'"'''" 

sh ould rememb er, h owever, that variab le X4 is a sur rogate foh,,·26 ' item

v;ctors. Therefo re, the 'full regression mo d
e l , i c o �taT�� .. "21:t'i�d�p�ndent

variab le s. T he cor rec t  d f 

d 
would be eq ual t o  [81-(28+1)] or 52.·

T he F 
va lue was s tatistic a ll y s ign ifican t  a t th

e 
pr edete rmined

al pha l evel of .0 1. Thus, th e  r ese archers concl uded that aging did have 

an impact on th e elongatio n  values o f the tu bing. To g ain further

insight into what imp ac t  aging had on the e lo nga tion v alue s, the

res earcher s co ndu cted multiple c o mp arison tes ts. 

Mu lti p le Comparisons 

The use of multiple co mparisons tests w o ul d allow the researchers

t o  m ake sp eci fic s tat
e
men t s  c on cer nin

g 
the impac t o f th e aging proce ss 

on elongatio n  valu es .  S in ce th e  regres sion c oe ffic ient s fo r the treat

men t  vari ables r epresen t  the di fferen ces betwee n  the mean s o f the groups

(Tr
ea

tmen t  
A 

an d  
B) 

an d  the gr oup conta ine d in th e co nstan t term (Treat

ment e
), the differenc es betwee n  the me an s  o f th e thr ee treatments could

be ob
tai

ned a s  fol lows
:

VA 
- V

e
• b1

• 4,2 2 2

Va 
-
Ve
• b z • .14 8

VA - Va• b1 b2
•

4,2 2 2  • . 148 • 4.0 74 

U
fll iams (1 9 80) o utline d  a proce du re by w hi ch t he t valu es o f

th
e 

re
gres sion coefffcients could be use d to te st ea ch comp aris on thr ough

T
ukey' 

s Ho
nestl y  S ign ificant 

D
i fference (HS D) te s t. As noted by 

W
il l iams, th e  t valu es had to be ad j uste d d ue to t he fa ct tha t a varia

ble (X4) was u sed a s  a surro
0

·•e for the item vec tors. That i s, the 

stand ard er ror of the co ef ficient values was c alc ula ted based on the 
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•apparent• denominator degrees of freedom of the full model rather than

the •correct• number. In this study the s_tandard error of the coeffi

cients wes based on 52 rather than 77. 

The procedure discussed by Williams demonstrated that corrected 

t values can be obtained by multiplying each t value by a constant term. 

The constant term (C) was defined to be: 

where: 

C = MSw (incorrect df) 
MSw (correct df) 

(incorrect df) is equal to the mean square within 
value obtained from the full regression model 
(Model 1) that contains the surrogate 
variable (X4). 

(correct df) is equal to the mean square within 
value obtained from the full regression 
model that does not use the surrogate vari
able but uses the actual dl.lllllY item vectors. 
Such a model would be based on the correct 
degrees of freedom. 

A closer examination of the computation of the constant tenn C, however, 

reveals that ft fs nothing more than the square root of the ratio of 

the "correct" degrees of freedom to the "incorrect" degrees of freedom. 

Thus, the computation of the value of C would be as follows: 

correct dfd for full model 
incorrect dfd for full model

where: 

correct dfd for full model • (n+l - I of subjects -
I of groups). 

incorrect dfd for full model • n - (I of independent 
variables+ I of intercepts): Note: no 
consideration is given to the fact thatone 
variable represents numerous item vecto�s. 
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Ac co r ding to Wi 11 iams I p r o c edu r e t
ht( t v� i'����:Yo'Pi;ji: a�a''bz'' 1 /

•• ,, , '\·. ,� ) 
, -;.� �'',r-"-' •-r''� "'··��-.

(
,'\'1'''�1,,• \, '� ,,;i_ cou

ld 

be co r rec t e d  by mult ip ly ing the1 r re spect1ve ' t -values by·c. ' 'Thi s.. ', "''" 
)
.' "' ·� - - ,, . . 

proc e
d

ure ,  however, would r equire t hat an a dd i

t
i,o n

l1 f' roode l'be 
an�lyz eif 

' ·, ' ,,,, , ,  

to obtain t he t va lu e  for t h e  coefficie n t  w hich represe�ted tile com
p ar

i

so n  between Treatmen t  A a n d  Treatmen t  B. The following model 1 'J'I J(M
o d el 3

) 

wo uld provide th e  n ec essa
ry 

regres sio n  coefficie n t  
·
;(bs )  .and,;

·
;

c o
r

respon
d

ing t v alue
: 

(Model 3)
One Mode l P

ro ce
d

ure

It 
is po ss ib le, howe ver, throu g

h 

t h e  use of a s imple calc ulatio nt
o avoid the nec

es s it y  of an alyzi ng a third regre ss ion model when cor re ct
ing t

h

e t valu es. The c or recte d  t v alues could be obtained as fol lows:

•

whe re: 
tc • cor re cte d  t va 1 u e  
Sb ;  • st a ndard e r ror of the c oe f fi cie nt 

C 

• correct dfd for full model 
incor rect d f d  for ful l  model 

correct dfd for full mode l • (n + 1 · I of subjec ts - I of groups) 
incorre ct dfd for the full mo del• n -

(I of independent variab les+ I of 
intercep ts) 

51 



The computation of c for this study was 

c =

/ 52 
-,;-

= .821 

Since the standard error of the coefficient values (Sbi) will be the·same 

s 
for all treatment variables, the values for� will be the same for all

C 

the treatment coefficients. For this study 5bi = � = .386.
C .8,1 

Dividing the differences between the means by the value obtained 

Sb for _i would produce the corrected t values. The differences in the

_means were obtained from the regression coefficients of the treatment 

variables found in the only full regression model (Model 1) utilized fn 

the analysis. The differences in the means between Treatment A and Treat

ment C, between Treatment Band Treatment C, and between Treatment A and 

Treatment B were equal to bl, b2, and bl-2, respectively. See Table 3 

for the calculations of the corrected t values. 

Table 3 

Calculations of the Corrected t V�lues 

Regression Sbi Corrected 
Comparison Coefficient C t Value 

YA - Ye b1 • 4.22 ,386 4.22/.386 • 10.93 

Va - Ye bz • .148 .386 . 148/. 386 • . 38 

YA - Ya bl - bz • .4074 .386 4.074/:386 • 10.55 

The corrected t values were compared,to the critical value of 

_q_ where q was obtained from a table of Studentized Range Values.2 
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w 

The critical _value for this study at the .01 

=�=3 .06 
1/2 

The dfw and J used to locate the value in the table were: 

dfw = the correct number of degrees of freedom for
Model 1 (dfw = 52) ·t, · - ·

J =the# of groups (J = 3) 

rm□ 1:rr 

l. 

If a corrected t value exceeds the critical value of __g_. the differ-

ence between the means was- judged to be significant. 

Impact of Aging on Ductility 

A comparison of the corrected t values to the critical value 

of 3.06 indicated that the mean for Treatment A was higher than both the 

means of Treatment Band Treatment C. The difference between the means 

of Treatment Band Treatment C, however, was not statistically signifi

cant. Therefore, the ductility of the steel tubing. as measured by 

elongation values. decreased as the tubing aged, However, the loss in 

ductflfty occurred for the most part during the first year. 

The o./N Method 

The multiple comparisons could also have been conducted by using 

the o./N method. where N is equal to the number of comparisons. Since o. 

was set at ,01 and three comparisons were made, o./N was equal to .003. 

The corresponding t value obtained from the t table was approximately 

equal to 3.36. Thus, ff a corrected t value recorded for any comparison 

exceeded the absolute t value of 3. 36, the difference between the groups 

2wflliams (1980) provides tables (pp. 82, 83) in which the 
Studentized value (q) is already divided by ,;-r. 

- II 
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was statistically significant. Such a comparison made for the three 

comparisons revealed that the mean elongation value for Treatment A was 

significantly higher than the means of either Treatment B or Treatment C, 

and there was no difference between the means of Treatment Band Treat

ment C. It should be noted that these results were the same as the 

results obtained through the use of Tukey's HSD method. 

Conclusion 

A question facing an industrial firm could easily be analyzed 

by utilizing MLR models. The MI..R models, however, required the inclu

sion of two major concepts previously discussed in the literature. 

First, the MLR models incorporated the use of a variable that served as 

a surrogate variable to numerous item vectors as outlined by Pedhazur 

(1977) and Williams (1977). Second, the HI.R models were used to make 

multiple co�arisons in a repeated measures design (Williams, 1980). 

Unlike the procedure outlined by Williams, which requires the use of 

multiple full models, a procedure that allows multiple comparisons to 

be conducted by using only one full model was developed and effectively 

implemented 1n this study. 

,, 
' .  
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:raws 71 r:rn:rssrc:· 

The purpose of this paper is to present a simple univariate approach tc 
... 

control for inflated Type I error rates. Given the frequently cited formula 

Equation l: Expected Type ·1 Error_ Rate • [! - (1 - a) g-1]

Where: a• alpha level desired 

g • nwnber of orthogonal contrasts 

one can determine the actual Type I error rate for orthogonal dependent var-

iables (variables that are zero correlated with each other). 

Newman and McNeil (1972) suggested a regression procedure in which one 

can make the correlated dependent variables. orthogonal. For example. assume 

the following dependent variables exist: 

G,P,A. (y1). Uading Achievement (y2). and Math Achievement (y3)

and the independent variables are: 

Method 1 (x1). Method 2 (x2), and Method 3 (x3)

The following equation can be written to make the criterion variables ortho

gonal: 

Model l Y1 • aou + aj< l + a2X:1 + a3X3 + a4Y2 + 85Y3 + E1

Model 2 Y1 • aou + a4y2 + a5y3 + E2

Model 3 Y2 • •ou + a1x1 + 82X2 + a;1x3 + 84Y1 + a5Y3 + E3

Model 4 Y2 • a
0

u + a4y1 + 85Y3 + E4

Model 5 Y3 • •ou + •1x1 + 82X:.1 + 83X3 + 81+Y1 + a5y.! + E:5 

Model 6 Y3 • •ou + a4Y1 + asY:.i + E6 

Testing Model 1 against Model 2 will dotarmine if treatment differences accoun 

for• significant a1110unt of unique variance in y1, which is independent of

y2 and y
3

, Similarly testing Models 3 againat 4. will detendne if treatment

accounts for a significant amount of unique variance in y2, which is inde

pendent of y1end y3• etc,

Since the dependent variables are now orthogonal, Equation l allows one 

estimate what the actually T··.,e I error rate would be if one was interested in 

the family wise error rate for all three dependent variable, Setting a• ,05, 
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Table 1, which 1a based upon Equation 1, will give the expected Type 1 error, 

which• .098, instead of .05.

N of Orthogonal 
Contrasts 

:.01 

2 .010 
3 .020 

4 .030 
5 .039 
6 .049 
7 .059 
8 .068 
9 .077 

10 .086 

11 .096 
12 .105 

Table 1
Expected Type 1 Error Rate 

Chosen Alpha Level 

.02 .05 

.020 .050 

.040 .098 

.059 .143 

.078 .185 

.096 .226 

.114 .265 

.132 .302 

.149 .337 

.166 .370 
,183 .401 
.199 .431 

.10 

.100 

.190 

.271 

.344 

.410 

.469 

.522 

.570 

.613 

.651 

.685 

By looking at Table 1, it is obvious that as the nunber of tests increase the 

actual Type 1 error rate way exceed the atates and desired alpha level, How

ever, if one 1ubstitute1 a correction for alpha, this problem is eliminated, 

Using (& • .....!!--1) the corrected & and aubstituting i� for alpha in Equation 1, 
a-

one can analyitically prove the following by the uae of the binomial theorem. 

a )g-1 To proves 1 - (1 - a=r � a

Binomial Theorem Yields: (1 -
8
�1 )8-1 • 1 - (g-1)( 

8
�1) + <s-1ifs-2> ( 

8
�1 )-•••

Thua1 1 - (1 - _g,_ )g-1 1 - [1- (g-1) a 
Jg-1 � g-1 

...s::.L 
• 1_1 a • a

for _g,_l aDl411
g-

Skeptics of this proof are refered to Table 2 wpich is based upon Equation 2: 

Equation 2: Expected Type 1 error rate (adjusted)• 

r1 - (1 - _a_ )g-l] 
L.: g-1 
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N of Orthogonal 
Comparisons 

.01 
2 .01 
3 .01 
4 .01 
5 .01 
6 .01 
7 .01 
8 .01 
9 .01 

10 .01 
11 .01 
12 .01 

Table 2 
Expected Type I Error Rate 

Chosen Alpha Level 

.02 .05 

.02 .05 

.02 .05 

.02 .os 

.02 .os 

.02 .05 

.02 .os 

.02 .os 

.02 .05 

.02 .05 

.02 .05 

.02 .05 

-, _ ____ a_ 

(corrected by g-1 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

) 

Please note that we are not suggesting that this correction IIUSt be used. 

Authors such as G8111l!s (1971) • Cohen & Cohen (1975) • McNeil (1972) • and Revaan 

and McNeil (1972) state that if the dependent variables are orthogonal and a 

prior hypotheses have been derived based on some theoretical or logical and 

rational theory, it may be leas critical to correct for the alpha error build

up. HOlfever 1 we are suggesting that Models 1-6 are testing the queatton about 

the unique variance for each of the critertorus • and if one teated the following 

Models which •uure total variance, then the unique variance can be subtracted 

from the total variance and an eatiute of the c«-111 variance can be obtaf,-d 

with this inforution, one can better evaluate the data and aake ac,re logical 

and rationale decfsiona about the research queat1ona. 

) 

Model 7 yl • a0u + StYt + AiY2 + A3YJ + E7

Model 8 1
2 

• aou + •1Y1 + •2Y2 + 83Y3 + Ee

Model 9 13 • aou + •1Y1 + •2Y2 + 83YJ + E,
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SOFTWARE UPDATE 

Beverly Mugrage 

Wayne G.eneral & Technical College 

The University of Akron 

Just available is the APPLE microcomputer version of Stoneware's 

DB Stat Pak, the statistical package designed to accompany their data 

base package, DB Master. The Stat Pak diskette cannot be booted. It 

must be reached through the DB Master Main Menu. All of the statis

tical tests in the package can be run with only one disk drive. Two 

drive,, however, are 1uggested for DB Master itself. A free backup 

di1k is included in the Stat Pak package which retails for $99. 

The Stat Pak can be used for the following procedures: 

1, mean, standard deviation, frequency distribution 

2, T-teata (paired or unpaired as well as hypothesis 

tests using the standard normal distribution 

3. Mann-Whitney U-test

4. Wilcoxon paired sample test
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5. One-way ANOVA with Newman-Keuhls test

6. Chi-square analysis

7. Linear regression and correlation

.The manual is written very simply and could be understood by .a 

person with minimal statistics background. The tests are explained 

well and appropriate use of each test is discussed. Sample data files 

are available for working through the examples of the manual. 

This package is fine for a person with weak statistics background. 

It is easy to use. Recommend it to friends who want to use statistics 

occasionally, For yourself, you may want another package for your 

microcomputer. 

Coming: reviews of HSD's Multiple Regression and Micro's Time 

Series Package, Watch, too, for APPLE's soon to be released factor 

analysis package, APPLE FACTOR. 
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