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' Testing Hypotheses in a Repeated
Measures Design. on Employee Attitudes,

‘With Large Samples’

_John D. Williams and Jole A, Willilame

[ %

fTho Unlvor;lty of North Dakota and Grafton (N.D,) S8tate 8chool
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Summarv - The use of a tvojca) repeated measures desqon is contrasted with
using specific hypotheses which would directly address research questions,
The use of imposing side conditions to construct a full model 1s shown.

j
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? The following destgn using the notation of Campbell and Stanley (1963),
E was used to test the effect of moving into superior facilities on employees
|

1
i

in an institution for the developmehtally disabled:

Group One 0l X 02 03
: Group Two 01’ 02 X 03
! Group Three 01 02 . O3

While this destgn is relatively simple to conceptuaiize. compufational
difficulties can occur in praétice;'if large N's are encounteréd with unequal
N's, typical ;exts wil] often do ljttlg more thén sugdest a solution. If the
researcher wishes to address $pec1ffc hypotheses..traditiona1 multiple coﬁ-
parison procedures do not serve as a handy guide; “Using our example, but
changing the notétion yields: “ ‘

Group One Yi X Vé Y.

3
Group Two Yk Yg X Yg
Group Three Y} Vb Yé

A researcher may want to address the question, "Is the change in V} to Vé
different than the difference 1n Y, and Y or Yg and Yy (or a mean of these two

differences)?
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Is the long' term effect (73 - Y'z) different thaﬁ the'corresponding
control differences (Vé -kYé)?. Are the implementation changes the same (1s
Y, - v, - Y - \AL

These questions become more difficult to address in the presence of a
repeafed measures design with large N. The addressing of these questions
in a regression’ format is made somewhat easier using the suggestfion regarding
coding of Pedhazur (1977), Williams (1977), and more recently, by Fraas and
McDougall (1983),

Subjects and Setting

The subjects involved in this study included three groups of employees

at Grafton State School, a state institution for the developmentally disabled.
Grafton‘State Schoo] 1s a unitized facility; that is, living units are
organized according to the level of resident functioning. Seven of the

units are progressively formed in that residents within a unit display a
similar level of functioning. An eighth unit 1s a behavior management

unit that exists to help aleviate short term behavioral problems of resi-
dents from the other units. Typically, a resident would spend considerably
Tess time in the behavior management unit than in the other units.

A new complex was built that houses 192 residents (the total institu-
tion population has 1n recent years approximated 800)., The first scheduled
use of the new complex was December 1982, at which time one unft-Unit vIil-
the behavior management unit moved into {ts half of the complex. A second
unit-Unit I-the lowest level of functioning unit moved into the other half
of the complex upon {ts completion in March, 1983,

The new complex could be described as highly superior 1iving units to
those occupied previously by the residents. Not cofncidentally, the new
units would also provide markedly {mproved working conditions for the
affected eﬁbloyees. )

The three groups of employees 1nvolved in this study included Experimental
Group One (N = 37); Experimental Group Two (N = 56); and the control group
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(N = 92). The number of employees just referenced indicates the number
who completed all three attitude scales, Al employees of the designated &'}fim ;e
units were asked to participate; a few employees declined. While many of : -

the members of the professional staff of each unit would have received

college or univers{ty degrees, over 85 percent of the employees were

direct care personne] and typically were high school graduates without
further education.

Statement of the Problem

The present study attempted to look at relocation effects-more

specifically to determine if there was a change in Job attitude among

employees after the move to the new, superior facilities,

Attitude Scale Construction and Testing

A small core of professional and direct care personnel were fnvolved

in the scale construction, directed by the present second author, Items
were written to measure relevant Job related activities 1nc1ud1ng actual
work activities, relationships with other personnel both inside and out-
side the unit, work‘with residents and {ssues related to pay. Two scales
were constructed, each with 24 {tems. The first scale used a format with
complete stems, while the second, measuring the same universe of items, ¢
used a Likert format. For example, two items from both scales are
presented. The following item {s frgm the scale with complete stems,

11. Do you think your ward is a good place for residents to Tive? |

A. The ward is much better than most.

The ward is somewhat better than most.
The ward {s about the same as most.

The ward is not quite as good as most.

M O o w

The ward is much worse than most,




The corresponding item from the Likert type scale is as follows:
11. I think the ward I work on 1s better than most other places for
residents to 1{ve.
. 1 2 3 4 5
Where 1 = I agree completely
2 = | agree mostly
3 = [ agree and disagree about equally
4 = | disagree
5 = I disagree completely
For present purposes, only the first scale is considered; the results from
the two scaies are quite similar (see Williams and Williams, 1983). A
complete copy of the first scale 1s appended.

The first testing occurred 1in early December. 1982, prior to any move
to the new buildings, Shortly after the first scale administration,
Experimental Group I (Behavior Management Unit) moved to the new facility.
A second testing occurred two months later, prior to the move of Experi-
mental Group II (Unit I) to the new facility, The third and final testing
was completed in May 1983, after Experimental” Group I had moved into the
new facility and after both Experimental Groups I and 1l had become Title
KIX certiffed (federally funded),

In regard fo the scaling, 1tems were scored so that the higher the
score, the more favorable the attitude. For each person, a mean was used
rather than a sum; thus for those respondents who failed to answer a

particular {tem, scores were st111 possible.

Comp]etfng an Analysis of Variance with Large N

Perhaqs the most novel aspect of the analysis of variance, from the




point of view of users of 1inear models, s the coding of the subjects
effect. With N = 1g5, buflding 184 Vinearly independent person vectors
would be wasteful of time and energy, and perhaps beyond the chpaéyty
of many computer systems. Rather, the use of the sum of thq subjects |
scores 1s used as a single variable to serve as a proxy for the N - |
binary coded person vectors,

Results and Interpretation for t lysis of Varian

From Table 1, 1t can be seen that significance is found for time
(both 11near and second degree) and the time X groups interaction; the
main effects for groups {s non-significant. Experimenta) Group One
appears to have had a s1ight increase 1n Job satisfaction upon moving
fnto the superior quarter&. followed by a decrease at testing time 3.
Experimental Group Two appears to have sqffered a precipituous drop in
Job satisfactidn upon moving 1nto superior quarters, The controlAgrqqp'
appears to have had a drop in job satisfaction approximately equal to
that of Experimgntal'Group One at testing time 3, fndeed. if Experimeﬁtal
Group One 1s qomgared to.fhe control group, the intervention (movfng)

might be seen as_being perhaps_sligﬁtly benefiéial“in‘employee attitude.

On the other handllExperimentaILGroup Twp has?éqtéqﬁgs-thqp are markquy' N

diffgrentﬁ%rdm th§ §thef‘tw6'grqyps, fﬁese'éﬁpiqyegsiinitidl?}{had tﬁé
highest Job‘ﬁftjfdde écofés; bquby tegtind tfﬁé.3\thése saﬁe eﬁbldjeéﬁ‘v.u‘
had the Jowest job,attitude Scores. It would appear éhat'the{effbcf of
moving into superior quaffers on gnployge attitude mightnweli bq'negqtfye;,=

In the sense of Campbell and Staniey'(lgsa)-.bié?gji,iiéi&s two'clues
to the outcomes described here. Because Title XIX (Public Law 92-223)

certification was sought for both experimental units, concerns and pfessures associ-

ated with certification might well have dissipated any positive fmpact of the




g move on emp]oyeg attitudes, Initfal]y,~the unit whose employees were in
: Experimental Group bne-failed to receive certification. This failure
f;- occurred directly before the second administration of the attitude tnstru-
¢ ment. While certification was received shortly thereafter, this certifica-
tion was not‘achieved without considerable disruption after moving into the
new facilities. The employees in Experimenta) Group Two were in a situation
made more tense by a "push" to receive certification upon the first {inspec-
tion. The inspection occurred in April 1983; that inspection occurred
prior to the f{nal testing.
A second variable that affectéd the outcome of the study in the same
sense of histofy could be sought to explain the overall drop. The most f
significant outcomes are in relation to time. It can be seen that ali |
three groups of employees show a major drop in job satisfaction at testing |
time 3. See Figure 1. Nhi]e 1t can only be conjectured, these outcomes

might be closely related to political activity in the state legislature,

Perhaps 1t might be simpler to discuss what happened to employees' rafses

in the state legislature, The governor was expected to restore 4% increases
for employeds allowed by the previous legislative sessfon on January 1,
1983, with raises of 8% each year, beginning 1n July, After testing time

' 1 (1n January, 1983) the 4% that was withheld temporarily became with-

held permanently. Also by testing time 2, the raises had dropped to

d 4% for each year. By testing time 3 the legislature had adjourned,

There were to be no salary increases. Thus, dissatisfaction with salary

X might be one explanation for the overall drop in each of the groups.

! Direct Hypotheses Testing

Several different ways using lfnear models can be incorporated into
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addressing hypotheses of interest. For example, consider the hypotheses
regarding "Is the change in V& to Yé different than the difference in 7;
and Vs or Vb and Vb (or a mean of these differences)?" The question just
posed actually can be seen to be three questions: Is Vi - Vé . Yk - Yg.
sV, - Yy = Vg - Yy and 1s Yy-V, = (Y - 75) + (Vg - Yo)?

The first approach to be used is similar to that shown in Williams
(1980). First, the criterion is reconstructed as Y = Y* ¢ Y** where
Y* = v'where the ¥ values are the predicted values from using the equation
T by * b,P. (1]
For the present data,
= 1/3p
Then, yw* » ¥ . Y%, ¢ qg the Y** criterion that wil) allow tests
on certain (but not all) cell means. The ful) model can be written as:
Yre u byXy * Xy + . L L+ bg¥g + €3 (2]
where the X1 = 1 4f from the corresponding cell and 0 otherwise, Reparameterd-

zatfons that would be usefyl for this full model include:

YA o bo + blx1 + b2X2+ ... +b8x8 tey, _ 3]
and
YHr o by + byX; + bXp* . . . X, + bgXg + e (4]

In fact, nine such reparameterizations could be completed, each time'leaving
out a single b,x,.

If simple comparisons of cell means are of interest, the set of nine
reparameterizations would }1e1d psuedo-Dunnett solutions (Williams, 1971)
that would allow all possible comparisons of means such as would be accom-
Plished by Tukey's test (Williams, 1974), The resulting computed t values
would have to be adjusted by multiplying by ¢/$E§§§$§E%IE;_ since the df

for the MSw would be 364 rather than 546 which would routinely appear




on the printout (Fraas & McDougall, 1983; Williams, 1980). However,

these values are only accurate for within subjects effects (i.e.,

comparisons among Group One at Times 1, 2 or 3, or comparisons among

Group Two at Times 1, 2 or 3 or among the control group at Times 1,

2 or 3). For comparisons among cross group cell differences, the
situations s the same as any two way layout for multiple comparisons

(see Williams, 1980, Chapter Four). A reparameterization of equation

4 would be:

Yar = bo + bZX2 + b3X3+ o e +b9X9 + e [s]
Using equation 5, the computed t value, .474, would be multiplied by Vfg%% or
.8165; t = ,387.

0f course, this value could have also been found by placing appropriate

restrictions model (equation 3) and solving the equation:
RE - RE)/1
t=/F=/"F .

|

; I §

(1 - RE)/364 |

H

The appropriate restriction is bi * b,. Then

or
Yah = b‘,_(x1 + Xz) +bhaXgt . L +bgXg + €4, and

reparameterizing,

Yo - l>0~*t>2(x1 +Xy) + baXgt o o . 4bgXg + e, (6]

Testing the restricted model against the full model ylelds:

t;/tl%%gg7i7j%%99§ = 389 (approximately_the same as the earlier value),

This comparison could also have been accomplished by:
Y,-Y

t=_2 .
G + wi.094)




or

To address the question:

is Vi - Y} - V;'- 5+ the restriction by ~ b, = by - bg can be placed on

equation 3. First, b1 = b4 - bS + bz. Then:

yhe w bz(x2v+ xl) * byXg + b4(x4 + xl) + bs(xs - xl) + bsx‘5 + b7x7 * bgXg +

Then, arbitrarily choosing any b1 between b2 and b9 to equal zero {thereby

reintroducing bo )e yields (choosing b9 = 0)

S B * Byl + X)) * bky + be(Xy + K, # by(Xs - K,) + bty ¢ by¥y ¢
bax8 te

4-
(2 . &y
Then, t = y/Fw /(Rg = RR)1 /:15043 - 15576

(1- R)/364

(8]

t = 1,423,
which should be tested using an appropriate multiple comparison procedure,
depending upon the number and type of compar1§ons to be completed, In any
event, this t value is unlikely to be convincing evidence that the change
for Group One is significantly better than Group Two at Time 2.

A similar process could be used to test Yi - Vé » Vh -Y

9
This test yields
.16043-, 15516

t=ﬁ-m-l.512. ‘

Also, testing ¥V, - V, = g(?h - Yg) + &(Yé - Yb) yields '

t=/F = [ L s,

Testing the second set of implied questionﬁ, “Is the Tong term effect, that

is, 75 - Yé different than the corresponding control differences (V§ - 75)? Here,

t=JF - /16043 - 15878

8357734

.846, indicating little Tong term effect.




I,

Aré the implementation changes the same (s 7; - ?l = 7; - 7;) yields
t 'ﬁ"_ . /:16043 - 13265 _ 3 499

This last difference would show that the implementation changes were
different for the two experimental units. Clearly, other questiohs

could be posed on the data as well.

Using Side Conditions

Another approach to the repeated measures design is to employ side
conditions, Since the group effect is nested in the subjects effect,
the full model Y = pr + blx1 thX, v .4 bgXg * eg [9].
can be turned into a full model with the group effects removed by imposing
side conditions.

The grdup effects hypotheses can be given as:

"lbl + nzb2 + n3b3 . n4b4 + nsb5 + n§b6 . n7b7 + neb8 + "9?9 .
nptngtng g+ N5 * g ny*tng* g

{10}

., Since n - Ny ® Ngs Ny * Ng " Nge Ny = Ng = Ng, equation 10 can be rewritten as:

nl(bl + by ¥ pg) . n4(b4 + bg + by . n7(b7 *+bg + bg)
3n1 §h4 3n7

or more simply as b1 + b2 + b3 - b4 + b5 + b6 - b7 + b8 + bg. Any two of
several restrictions could be made. The following two could be chosen:

b3 - b7 + ba + b9 - b1 - b2 and

b6'b7+b8+b9'b4'b5c

Imposing these two restrictions (gctuaily. side conditfons) yields:

or

Y= pr + bl(x1 - x3) + by(Xy - X3) + b, (Xq = Xg) + bg(Xg = Xg) + by(Xy + Xq +’

Xg) + bg(XgXs + Xg) + bg(Xg + Xg + Xg) + eg. 123

10




(9]

en as:

Equation 12 (or reparameterizations of 1t, using different restrictions
expressing the side conditions) then serves as a full mode] for testing
against restricted models; R2 = 79869,
Now, direct hypotheses can be tested by placing appropriate restrictions
simultaneously with the side conditions, Fopr examp]é. testing 7} - Vk .
Yy - Vo 1s done using the restriction by - b, = by = bg or by = b, - b + by,
as before, ’
Then Y = pr+(b4 - bg + bz)x1 + boX, + (by + bg + by - by + by - 2by )Xy + byXy +
bgXg + (by + bg + by - b, - bg)Xg + byXy + bgXg + boXg + es;  [13)
Y. boP + by(X, + Xy = 2x,) + by(Xy + Xy = X - X3) + bg(Xg - Xy = Xg + X3) +
by(Xy + X5 + Xg) + bg(Xg + X3+ Xg) + by(xg + X3 + Xg) + ey, (14]
Note that the restrictions are made simultaneoust with the side condf:ions
on the full model (equation 9). Were the restrictions placed on equation
12, a different hypothesis would be tested: b1 1n equations
13 and 14 fs.different from b1 in equation 12, Placing the restriction b1 - b2 =
by - bg on equation 12 tests the hypothesis Z(Yé'- 73) = 7& - 73, clearly a
very different hypothesis than 71 - 7} - 7; - Ys. _
The constant term could be reintroduced by arbitrarily setting equal
to zero any one of the remaining b, ., Doing this yields R2 = ,79757.
Therefore t -./G? = f%g§§§7§3312252 = 1,423, the same résult given eérlfér
for this contrast fo]lgwing equation 8, '
This process could be repeatéd for any of the other hypotheses, imposing
the restriction imp11éd by the hypothesis siﬁultaneous]y with the side conditions.
Care must be taken to be sure that hypotheses tested on this mode] are

appropriate; such hypotheses must be some tombination of within group contrasts.

11




Directly Using the Full Model

Had equation 9 been used direct]y. it can be'seen fhat the outcome is

comparable to using the‘s1de conditions:
Y = pr + blx1 +bXy + . .~b9x9 teg | f9]
testing Vi - Vé = Yk -’Vg is done using the restriction by - b, = by - bg or
b
Then,
Y = pr + (b4 - b5v+ bz)x1 + byXy + baXg + baXg . * bgXg *+ bgkg * byXy + bgXg

* bgXg + egs
Y= pr + bZ(X2 +4X1) + b3X3 + b4(X4 + Xl) + b5 (X5 - Xl) + b6x6 + b7X7 +

1" b4 - b5 + b2’ as before.

b8x8 + ngg + eg-
Reparameterizing by choosing bg = 0,
Y =byt pr + bz(x2 + xl) *+ baXgy + b4(X4 + xl) + bs(x5 - xl) + bgXg * byXs
+ bgkg + eg: [15]
Note the similarity between equation 15 and equation 9.
Equation 9 ylelds RZ = .79869; equation 15 yields RZ = .79757. Therefore,

t - y’?; - f%%%§%7§33121§1 = 1,423, identically the same result as found

using side conditions.

It can be seen that several different approaches can be used to test
hypotheses in a repeated measures designs. The use of the criterion Y**
where Y** = Y - Y* when Y* = 1/3P, as was shown in Williams (1980) allows
an appropriate testing procedure. The use of side conditions (which uges
a mode) removing the nesting effect) or & model containing the g%oup membership
variables and the person-score vector yield identical results. Perhaps the
latter abpfoach would be conceptually easfer to understand.” The direct use
of equutlon 9 can be completed despite the nesting of the group effects. Had

person vectors been included rather than the summed P variable, the nesting

12




problem becomes more apparent. In any event, the relationship of these
three solutions' should be noted.

13
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Table 1

Analysis of Variance for the Stem Attitude Scale

with Three Groups of Employees (N = 185)

Source of Variation
Among Subjects
Groups

error (a)

Within Subjects
Time

Linear

Second

Time X Groups

error (w)

Total

[0 - ]
- ® o

Table of Means for the Stem Att{tude Scale

df
184

182

370

364

554

Ss
128.84

128.20

40.65
5.23
4.83

.40
1.29
34.11

169.47

Table 2

Ms

.32

with Three Groups of Employees (N=185)

Group One (N=37)
Group Two (N«56)
Control (N=92)
Total (N=185)

Time 1
2.68
2,90
2.80
2.80

29.11¢c

53.67c
4.44a
3.56b

- Time 2 Time 3 Total
2.7 2.54 2.64
2.79 2.50 2.73
273 2.63 2.75
2.75 2.57 2.7




2.8

~N
-
~3

*EMPLOYEE ATTITUDE

2.6

) Contcc|
Group

2.5

pGroup |

Group L

el

TIME 1 TIME 2

FIGURE 1. MEANS FOR THE STEM ATTITUDE
SCALE WITH THREE GROUPS OF EMPLOYEES
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JOB ATTITUDE QUESTIONNAIRE

Pleass choose the lecter that best represents your answer £o the question
asked and put. 1t in the blank provided next to the question number.

1. How do you like the work that you do?

A.
B.
c.

D.’

E.

2. What do you think about the Unit you work 1in as a place to work?

A,
B.
c.
D.
E.

3. What do vou think_lbou: your ward as a ﬁlacc to work?

AC
B.
c.
D.
E.

4, When {t cones to ncéonpliaﬁing results, how do you think your Unit

Ic's the kind of work thac I like bast.

It is close to the type of work I like to do.

I like it, but there are other kinds of work I like just as much.
It's all vight, but there are other kinds of work I like bectter.

I don't like it very wuch; I would prefer some other kind of work.

The best possible place to work.
Good place to work. :

About average.

Somewhat below average.

Among the poorest places to work.

The best possible place to work.
Good place to work.

Abouc average.

Somewhat below average.

Among the poorest places to work.

with other units at the School?

'\‘v

B.
RER +
' D.
E.

Much botter than most.
Somewhat better than most.
About the same as most.
Not quite as good as mosc.
Much worse than most.

$. ALl in all, how do you feel about your own pay?

xy
B.
c.
D,
t‘

6, U vou had a chance to do the same kind of work, for tho same salary, in anoch

Very sacisfied,
Satisfied,

Fairly sacisfied,
Razher dissacisfied.
Very dissarisfied.

unit of rha Schosl, what would you racher do?

A,
8.
c.
D.
!Q

Dafinitely want to seay where I am.

Richer uta whare ! am,

It wouldn't muctar co me.

Rather move than ytay, .

Wane very much to move to another section.

would compaz

i
r
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rehe

7.

9.

lo.

11.

12,

ob:Atéitudo Questionnaire
age -2~

How would you describe the morals of employees in positions similar to yours
in your Unit?

A. Most employees have high morals,

B. More employses have high morale than have low morale.’

C. Employees who have high morale and employses that have low morale are
about the same in number,

D. More employees have low morale than have high morale.

E. Most employees have low morale,

Do you fael you ars vorking as part of a tean?

A. T almost alwavs feel I am part of a teanm.

B, I usually feel I am part of a team,

C. I feel I am part of a team about half of the time.
D, I rarely feel I am part of a teanm,

E. I almost naver feel I am part of a team,

In your opinion, what do you think your effact is on the bshavior of residencs
on your ward?

A. Strong, positive effect,

B. Most often the effect {3 positive,

C. There is little or no effect,

D. The effect tends to be somewhat negative, D
E. Strong, negative effect.

What one word sums up your opinion of your job?

A. Challenging.
B. Satisfying.
C. Acceptable.
D. Frustrating.
E. Boring.

Do you 'think your ward is a 800d place for residents to live?

A. The ward {s much better than most.,

B. The ward is somewhat better than most.,
C. The ward is about the same as most,

D. The ward is not quite as good as most.
E. The ward is much worse chan most.,

In your opinion, do you think residents in your Unit have enough privacy -and
individual space? .
A. Residents have enough privacy and individual space - with no exceptions,
B. Residents have enough privacy and individual space - with few exceptions.
C. Residents have enough privacy and individual space - with several exceptions.
D. Residents do not have enough privacy and individual space - they have not
been treated fairly.
E. Residents do not have enough privacy and {ndividual space - they have been
treated quite unfairly. .
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Job Attitude Questionnaire
fage =3-

! —— 13, Would your actitude r.odard your job be differant if scaff on your ward hy
programming dnd dctivity supplies to work with the residencs? ;

A. Much more positive attitude.

B. A lictle becter acttitude.

8 - €. Neutral sttitude.

b D. A little poorer actitude. ;
E. A much more poorer attitude. ’

14, How closely do your actual work duties macch the Job descripcion you read
applying for your job?

A. BExactly the same. P
B. Basically, pretty much the same.

C. Some duties are similar, others are different.
D. Mostly dissimilar.

E. Aren't alike at all.

1S. How imparcant to me in my job is feeling useful and being needed?

A. That's the most important thing to me.
B. It's nice to be yseful and needed. =
C. It's o.k. -
D. There are ocher things chat are more important co me.
E. It is unimporcant to ma. '

16. The opportunities for job advancement in your Unit are?

+ Excellant,

B. Good.

C. Average.

D. Fair. .

E. Poor. S
17. 1 fael that I am vasting my time on my job,

A, All of the time,

B. Most of tha time.

C. Some of the time.

D. Saeldom.

E. Never. ;
18. I think the inservice training i¢? -

A. Appropriace and useful.

B, Useful, but more is needed.

‘Co Usaful some of the timae.,

D. Only occassionally useful.

E. A vaste of time,

v.. '_———-_ .
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ard b,

1 raad

# ' on resident's programs, problems and behaviors.

ob Attitude Questionnaire
Page ~4-

; 19. In regard to working with residents, 1 think,

i 20. The supervisors that I have on my job are?

A. Both helpful and knowledgeable about my job concerns,
B. Somewhat helpful and knowledgeable abouc my job concerns.

Job to help thac much,
D.  They don't seem to be available ennugh,
E. The supervisors tend to be disincarested in my Job and the work I do.
i 21, The professional staff in your Unic:

A.  Talk wich ward staff rogulgrly and ask for opthion-{od residents’

: programs, problems and behaviors. '

B. Talk with ward staft occassionally and ask for opinions on residents’
programs, problems and behaviors., - ’
C. Talk with ward ltltt‘occAloionully and now and then ask for opinions

D. Do not talk with ward scaff, . . .. o
E. Appear not to treat the vard staff with respect,

22, Do you fesl free to openly discuss concerns with the administrative scaff of
your Unit?

A. Yas; both parsonal and business concerns.
B. Yas; but only matters concerning business.
C. Some, but not all of the timae,

the unit administrative staff,
E. ‘the less said the becter in my unit; you can avoid trouble chat vay,

1

L 23, With regard to the professionsl staff in your unit, they seem?

»

A.  Readily available for assistanca with resident's and staff's concerns.
B. Usually available for assistance wich resident's and scaff's concerns,
: C. Not readily available for assistance.

i D. Do not think that they are pecforming their job duties.

E I E. Do wt know what they do within the Unit.

l— 24. Do you think that the Grafton State School adminisctrative staff is receptive
yar concerns or fgo!ings? :

A.  Alvavs,

B. Usually.

C. Some of the time.
D. Seldom.

E. Yever.

A. That.chis i{s a type of work that will be vary fulfilling to me for nose
of my working life.

B. The work s enjovable, but not something I want to spend the rest of my
life doing.

C. I see this job in many ways like any other, I don't mind ic, it's o.k.

D. If I could get another Job with the same or higher pay, I would prefer to
switch jobs,

E. . If I could get anocher Job even at a lower pay, I would prefer to change
Jobs, : . .

C. They try to be helpful, but don't alvays know enough about my specific

D. No; it {s best not to discuss either personal or business concerns with

to




References

Campbell, D. T. and Stanley, J.C. Ex‘ r1¥éhta1 and quasi-experimental designs
for research. Chicago: Rand-McNally, 1963. .

Fraas, J. W. and McDougall, W, R. ‘Theluse‘of one full MLR model to conduct
multiple comparisons in a repeated measures design: An industrial
application. Multiple Linear Regression Viewpoints, 1983, 12, No. 1, 42-55.

Pedhazur, E. J. Coding subjects in repeated measures designs. Psychological
Bulletin, 1977, 84, 298-305.

Williams, J. A. and Williams, J. D. Employee satisfaction in an institution
for the mentally retarded. Paper presented at the American Psycholoaical
Association annual meeting, Anaheim, CA, August, 1983.

Williams, J. D. A multiple regression approach to multiple comparisons for
comparing several treatments with a control. . Journal of Experimental
Education, 1971, 39, 93-96.

Williams, J. D. A simplified regression formulatfon of Tukey's test. Journal
of Experimental Education, 1974, 42, 80-82.

Williams, J. D. A note on coding the subJects-effect in treatments x subjects
* designs. Multiple Linear Regression Viewpoints, 1977, 8, No. 1, 32-35,

Williams, J. D. Multiple comparisons in higher dimensional designs, Monograph
Series #5, Multiple Linear Regression Viewpoints, 1980,

20




PLE LINEAR REGRESSION VIEWPOINTS
pe 13, Number 2 Winter 1984

.,Th'e. Use Of Multiple Linear‘ Regression In Predicting

Scholarly Productivity Among' Counselor‘ Educators

Joooph M. Wunon Ph.D.
The Univorsity of Akron

and

1

Northeastern Ohlo Universitios College of Medicine

Avery w, Zook, Nl M.A, '

The University of Akrop -

Abstract

The present study was designed to fing a regression equation
that would help predict research productivity among counselor‘
educators, Seven variables were found to contribute
Signlficantly to the equation, yielding an R? of .455, The
authors present Several ways in which this information can be

utilized,
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Research activity is very important for college and

university faculty members, In addition to teaching, advising
students, and other related duties, faculty are expected to
engage in research activity within their particular
dlsciplinga. The "publish or perish"™ phenomenon is well known
in academic circles, even though it may be argued that a
college educator's worth cannot be measured simply by research
productivity. Nevertheless, the importance of publishing is
likely to become 1ncreasingiy crucial as the academic climate
reflects lower enrollment, fewer economic resources, and
faculty retrenchment, Bishkin (1984) noted that as grants and
other resources become increasingly scarce, only creative
researchers will be able to obtainotundinq. At the same time,
productivity is still required,

Numerous researchers have attempted to measure scholarly
productivity, despite the nebulous issue of quality versus
quantity, Studies within the physical sciences (Bayer &
Dutton, 1977; Bayer & Fogler, 1966; Crane, 1965) and within
psychology (Dennis, 1954; Guyer & Fidell, 1973; Platz &

Blakelock, 1960) have measured productivity by counting

A




journal articles and books, looking at the number Bt
citations, and analyzing tho content of journal articles,

Little research, however, has been done in the field of
counselor education., Walton (1982) looked at differences
between high and low producers on numerous variables using
chi-square analyses, He found several significant differences
between the two groups, and suggested several ways those
aifferences could ba used by counselor educators,

The present study is an extension of Walton's (1982)
research, and employs multiple linear regression to predict
productivity among counselor educators. Institutions which
intend to hire employees who are 1ikely to engage in research
may be able to use the equation generated in the present oiudy
to preQict whether the prospective faculty member will be a
high or low producer in terms of the publication record.
Individuals can also use the equation to determine whether or
not a given academic environment is‘conducive to }ekearch

" activity. ‘ ‘ '

Methods and Procedures
A total of 520 questionnaires was mailed to members of
the Counselor Education and Supervision (ACES) division of the
American Personnel and Guidance Association (APGA), which is
now called the American Association for Counseling and

Development (AACD). From these randomly selected individuals,
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56.1 percent returned completed questionnaires. For the
purposes of this ahalysis, only those respondents who listed
their primary occupation as counselor educator were included,
Questionnaires with a substantial amount of missing data were
not fetained for the analysis, Hence, a total of 158 subjects
was used for the regression procedure. It should be noted
that educators who are low publishers may be underrepresented
in the sample. Some caution is neceséary when interpreting
the results,

The questionnaire was divided into two major parts,

The first dealt with demographic information, as .well as
preferences within the field of counseling, while the second
part concerned productivity information. In the final
analysis, the number of journal articles, books, ana
monographs each participant teporﬁed having published was
used as the dependent variable,

All variables which were nominal in form were dummy~coded
in order to perform the multiple regression analysis, The
authors employed several regression procedures with palirwise
deletion of missing data. Pairwise deletion allows for the
inclusion of a questionnaire with a minimal amount of missing

information. The default on most software packages is to

delete a questionnaire if even one item is missing.
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It was hypothesized that some combination of the
variables would yield an g2 value significantly different
from zero, such that Ho: Rzy.xlxz.,.xp = 0. Because _
of the exploratory nature of the study, the authors did not
predict which variables woulq aignlficantly contribute to the

regression equation,

Results
Beforae regression procedures were employed, an analysis

checking for outliers was conducted, Using cook's Diltangg!

Mahalanobis® Distance, and Woisberg's Test, it wag determined

that no outliers were present,

Five regression Procedures were used in an attempt to
réach 4 concensus on the variables included in the equation.
A graph of the R2 and Adjusted g2 values yielded similar
‘Tesults, Other graphical methods were not employed,
although it can be noted that thQ‘Adjusted R? values give
almost identica} results to an analysis of the fesidual mean

sqﬁéres,yas Hocking (1976) noted.
Both R? and adjusted 2 indicated that seven

Forward, backward, ang stepwise Procedures concurred with this

o conclusion, with all five methods suggesting the same

_regression equation,




maximized by allowing the respondent to answer in categories

rather than requiring exact information. It was reasoned that

counselors would be more likely to respond if given various

ranges to choose from, rather than having to give exact figures
Although such procedures may have had desirable results

in terms of the rate of return, there was a disadvantage in

using such information without assigning rank values. Thus,

the data analysis may have lost some of its potency because of

the use of categorical data rather than interval data. Tabla

1 gives the appropriate values, after dummy-coding, for the

seven variables used in the equation.

Table 1. : :
Values Assigned to Cateqorical Data

Years of Work 0-4=1 '5-10=2 11-25=3  >25= 4

Research Hrs/Week 0-4 =1 S=12=2 13-20=3  >20 = 4

University Size  <10,000 = 1  10,000~19,999 = 2  20,000-29,999 = 3
30,000-39,999 = 4  40,000-49,999 = 5 550,000 = 6

Nurber of Journal
Subscriptions 0-2 = 1 3~4 = 2 5«10 = 3 >10 =4

Rank Professor = 1 Associste Professor = 2  Asslatant
Profaessor = 3 Instructor = ¢ Other = S

. Preferred Activity No =0 . Yes m ]
i = Mministration

First publication Before Doctorate = 0 After Doctorate = 1
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The seven variables meeting the criterion for entry into
the model resuited in an R2 of «455. The resulting F
value was 17,88, B < ,0001. Table 2 gives the regression
equation, and indicates that all seven variables meet the ,05
criterion for inclusion in the model. When reduced models
from this restricted model were considered, the F value
remained significant, giving further evidence that al} seven

variables contribute to predicting productivity among

counselor educators,

¥ Table 2

~Variables in Restricted Model, a8 Determined by All Pive Methoda

Variable B  Error Rg? F Significance
Years of Work .56 16 .182 12,67 .0005
Research hrs/Week 64 .18 300 12,70 ggos
fdniversity Size 36 .08 356 19.13  gqp
' Pirst publication =700 0200 391 13.67 .0008
Journal_Subscriptions .37 .15 .420 5,65 .0187
,”'u=ggpk' =31 444 440 4.47 .Q362v

Administration T35 .62 455 404 o4




Discussion
The present study suggests that it is possible to predict
counselor educator productivity with a reasonable amount of
accuracy based on seven variables, These are: Years of work
in the field, number of hours per week spent on research
activities, size of university, whether the first publication
was before or after receipt of the doctoral degree, the number
of journals subscribed to, academic rank, and whether or not
the preferred professional activity is in administration of
these, several seem intuitive, First, the number of hours
spent doinq research would seem to be an obvious indicator of
how many publications that researcher is likely to produce,
although it is recognized that one could spend many hours on
research, and still not be highly productive in terms of
tangible end products. Second ‘the number of years of work
experience has a substantial correlation with productivity.
The longer a researcher has been in the field, generally
speaking, the more the likelihood that he or she has publisah
professional articles, Associated with this is Walton's
(1982) finding that as an individual improves his or har
acedemic rank, scholarly productivity is likely to incrras
t should be noted that academic rank increases with nuc'wsr

Years of work experience,
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University size is also a predictive factor of
productivity, walton (1982) noted that 508 of high producers
were affiliated with institutions whose total student popula~
tion was more than 20,000, while 43.3% of low producers worked
at colleges or universities with less than 10,000 students,
The present authors Buggest that larger universities generally

tend to facilitate research activities more than their smaller

. counterparts,

The number of journals to which the individual subscribes
was another of the predictive factors in the present. study,.
Walton (1982) found that counselor educators‘WVO_Bubscribed

to more journals were more 1ike1y'to publish, .- This does. not

' .mean that those who do not publish 4o not keep current in the

field, as over 62% of low producers subscribed to at least
five journals, and over 95% received'at least three journals.
Alternately, it may indicate that high producers. are likely to

receive a large number of journalé.' The reasons forQFhis are

’ unclear, but‘may be related to their search for relevant 'j

research topics and issues.

Another predictive variable is whether the individual's

first publication was before or after receipt of the doctoral

degree. Highly productive researchers were more likely to

have published their first work before they received their

'Tdoctqrate (Walton, 1982). This seems to indicate that those

T




expressing an interest in research before beginning work as
counselor educators are likely to maintain the interest after
obtaining employment in the field.

1Thevqugstion of academic rank has been previously
addressed. ' In terms of whether or not one prefers adminis-
trative tasks, it would seem to follow naturally that less
time spent on administrative work leaves more time available

for research and publication. Although ‘Walton (1982) reported

few differences in high versus low producers on this variable,

the current finding could be an artifact of the question,
since preferred activity was requested rather than the
activity in which the most time was actually spent.

The prospective counselor educator may be able to use the
information contained in the present study, along with that
ptovided by Walton (1982), to determine if the institutional
environment of a potential employer is conducive to research
productivity. Specifically, does the institution allow
adequate time for research? Also, is the size of the
institution sufficient for adequéto support of research

activity? These factors must be combined with factors the

. potential employee controls in order to reach an adeqpate

level of prediction., Conversely, the institution can use the

- equation to help choose faculty members who are likely to

participate in research activities., A substantial part of the

L}
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variance is not accounted for in the equation; therefore the
equation should not be used as the only selection device.

It should be remembered that the present study probably
underestimates the variance accounted for by the independent

variables, since the present study used categorical data

rather than exact responses, This factor is especially h
relevant when one considers the dependent variable, which was
the number of journal articles, as well as the number of books
and monographs published. Dividing responses into several !‘
categories rather than looking at the exact number of
publications may have yielded a conservative estimate of the
effect of variables predicting counselor educator'
productivity. As mentioned previously, however, ordinal
responses were used to obtain a higher rate of return.

The authors suggest that more research is needed in this
area, A replication would help ensure the validity of the
prediction equation, and would substantiate the present
) authors' claim that it is possible to predict research

productivity among counselor educators on the basis of the

seven prediction variables listed herein.
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‘Repeated Measures Design:

i
Number 2 Winter 1984

‘Testing Hypotheses in a°

An Example

John D, Willlame and Jole A, Williams

Summary « The use of a typical repeated measures design s contrasted

with using specific hypotheses which would directly address research ques-
tions. A complete example 1s given,

In an earlier paper Williams and Will{ams (1984) showed three dif-

ferent methods of ustng linear models to perform multiple comparisons
(contrasts) for within subjects effects on a large sample (N=185) of

employees in a test of hypotheses regarding improved facilities on
employees att{tudes, While large sample sizes yleld impractical the
use of person vectors (1 if person 1, 0 1f not), 1t would be usefu)
to use a small sample so that the two approaches might be compared

and the utility of using a single vector (prédfctor) for the subjects

” effect can be examined, Accordingly, a data set that has been previously

qsed (Williams, 1974, 1980) will again be used here as an example,
An Example
The following proSIem s taken from Williams (1974). .
A researchér may have an interest in the differential effect
of two or more methods of instruction over time; thus, measures
can be taken at specified intervals on the several instruc-
tipnal methods. From the point of view of the experiment, a
;vrepeated Mmeasures design can be conceptualized as a tfeatments

X subjects design repeated for each Instructional method.*

Jdesign is called a Type I design by Lindquist (1953).

LR CHON 11 X U
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To make the example more specific, suppose a research fs interested
in 1nvest19at1ng the differences among three approaches to a human

relations experiehce.**

selected are (1) structured sessions in which the group participates
toward concrete problem solving, (2) an unstructured group, where the
group decides upon its own goals, and (3) a group designed to allow

the individual to focus on his personal problems with the interest being
to help solve these problems. Five groups with 7-9 individuals {n

each group are assigned to each of the three human relation group
situations; 1.e..Athere are five separate groups for each treatment
situation, Each éroup 1s to have a two hour session once a week for
four weeks, '

While there are‘severa] things that might be of interest to
measure, the researcher 1s interested specifically in the amount of
aggression exhibited fn the group setting,

Videotapes are made.of an sessions.'and a group of five experts
Independent1ly Judge the amount of aggression expressed during the
sessions on a continuum from 0 to 10, where 0 represents no aggression
and 10 represents an extreme amount of aggression, The measurements
are made with the group as the unit of analysis. The score to be
used 1s the mean of the five ratings. Results are as follows:

Table 1

GROUP SCORES FROM THREE HUMAN RELATION GROUP METHODS FOR FIVE SESSION,
(ARTIFICIAL DATA)

Method 1 ’ (Structured Groups)
J Group Session 1 Session 2 Session 3 Session 4
| 1 3.2 3.4 3.2 2.8 |
g 2 4.6 4.0 3.8 3.4 |
; 3 5.0 3.8 5.0 3.2 |
/ 4 2.0 2.0 2.4 1.6 1
ﬁ 5 3.6 3.2 3.4 3.0

it **By human relations experience 1s meant the meeting of a group of people that |
has varfously been called the T-group (training group), the encountgr group.
me,
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Method 2 - (Unstructured Groups)

Group Sessfon 1 Session 2 Session 3 Session 4
.
6 6.2 5.8 6.8 : 5.0
7 3.6 3.8 7.2 5.4
8 4.0 6.8 7.8 6.0
9 5.0 5.8 6.0 5.0
10 4.8 5.0 6.4 5.8
Method 3 (Personal Problems)
Group Session 1 Sessfon 2 Session 3 Session 4
1 7.4 7.6 6.8 5.2
, 12 6.4 6.4 5.6 4.0
13 7.0 6.6 6.6 6.0
3 14 5.8 7.4 5.0 4.8
15 6.4 5.2 4.0 3.6
To analyze the data in Table 1, 1t is first useful to define several
] variables:

Y = the criterion varfable,
F’1 - P15 are binary varfables that {dentify each group (the “person" vectors)

Xls = 1 if the score is from a group in the structured treatments;
0 otherwise,

X17 = 1 1f the score 1s from a group in the unstructured treatment:;
0 otherwise,

x18 = 1 if the score s from a group in the problems treativlent.
X19 * 1 1f the score 1s from Session 1; 0 othersise,

X5 * 1 1f the score 1s from Sessfon 2; 0 otherwise, ‘
X21 = 1 1f the score is frqn Session 3;‘ 0 otherwise,
Xo2 * 1 1f the score is from Session 4; 0 otherwise,
%23 Xi6 - Xyq0
Joa ™ X6 - Koo
Ko = X1+ %oy
%26 = X7 - Xy
g7 = Xy X200 -




Xo8 ™ X17 + Xpy» and

x29 = P = a sum of each separate group for the four sessions; for
example, for group 1, ng *3.2+43.4+32+28= 12.6, (x29 will be
referred to as P.) Each score ‘(rather than each group) 1s the unit of
analysis; thus, there are 60 scores for the data in Table 1. When
preparing the data cardé for a computer analysis, 60 data cards would
be made. The use of P'greatly facilitqtes a regression solution;
this suggestion regarding coding was made earlier by Pedhazur (1977)
and by Williams (1977). and more recently\by Fraas and McDougall (1983).

_To analyze the data’in Table 1, it {s useful to consider two sepa-

rate analyses; one analysis can be treatments X subjects design,

temporarily disrggarding the three different kindé Qf‘groups; Then, it
is usefu] to conqeptuaiize'the:dAta fn a iwo;w;} ahaf}sis of variance,
disregarding for'fﬁe time‘beihg tﬁuf a QiVen group has‘been measured
several times, ' ,

The ]jnear models?that are useful for conceptyaijzing the data in
Table lvas a treatmeng; X subJects‘design‘qre as follows:

Y=b,+b,p +‘b Py +.0ut bosP, + @ ‘(for the subjects (grdups)
0 11 7 R 14714 o1 effect) ) (1);
= bo + b19P19 + bzoﬂéo + b21P21 + ez'(for the trend effec%z);
and ‘
Yu bo + b1x1 + bzxz .t b
When these 1{near models are used, the following results can be found:
from equation 1, SSs * 104.14;

from equation 2, SSTREND = 8.63; and

from equation 3, SSERRORI = 32.52; also, SST = 145.29,

A

14%14 * B1g¥1g * bygag * bty eyl (3),




(3).

While the preceding information would be sufficient for a treatments X
subjects design, 1t should be recalled that in this formulation, the
type of human relation group was disregarded, ‘
Actually, the treatments effect is "nested," 1.e., totally contained in
the variation among subjects. Before pursuing this "nesting" further
at this point, 1t is first useful to complete the analysis for the two-
way formulation,
The following four 1inear models are sufficient:

Y = by * byghyg * bis¥17 * &g (for the treatments effect) (4)
Y = by + bygkyg + bygXag + byyXpy * e (for the trend effect) (2)
" % * bighig * Dis¥iy * byghig * byg¥ag * byyXyy + &g, (5) and
" B * Pig¥ig * byz¥1y * brgkig + bghyg + byyXgy + bygkyy uiit

byg¥ag *+ €4 (FUl1 Model) (6)
When these 1inear models are used, the following results can be found:
from equation 4, SSMETH = 78.87;
from equation 2, SSTREND = 8.63;
from equation 6, SSERROR = 39,71.
The sum of squares attributed to regression for the full model (equation
6).1s 105.58. The sum of squares attributed to regression for equatfon
5 1; 87.50. The difference between these two values is equal to thg

intgract1on. Thus, SSMETH X TREND * 105.58 - 87.50 = 18.08. A summary .

- table that would contain the foregoing information would appear as follows:




_  Table 2
SUMMARY TABLE FOR THE HUMAN RELATION GROUPS DATA IN TABLE 1

Source of Variation df SS MS F

Among Subjects
Method 2 78.87 39.44 18.69**
Error (a) 12 25,27 2.11

Total Among Subjects 14 104.14

Within Subjects
trend 3 8.63 2.88 7.20%*
meth x trend 6 18.08 3.01 7.52%*
error (b) 36 14.44 .40

Total Within Subjects 45 41,15

Total - 59 145.29

**Significant at .01 level

The summed vector, ng, could have been used to achieve similar results:
Y = by * pr +e (for the subjects (groups) effect) (1al;
Y= bo + bp

Equation 1a is {dentical (in sum of squares) to equation 1; $Sg = 104.14;

1
P+ big¥ig * byg¥ag *+ byyXpy + ey [3a]

similarly, equation 3 yields SSERRORI' 32,52, Table 1 could have been

accomplished by using results from these last two equations in liey of
the original binary person variables (X1 to X14).

Multiple Comparisons (Contrasts) Within Groups
It would be helpful to give a diagramatic view, in terms of mear:

of the data described earlier;

Sessfon 1 Session 2 Sessfon 3 Session 4
Method 1 Yl : Yé Y5 Vh &
Method 2 ¥, A v, v |

N Method 3 A L Y v,
} Suﬁpose the {nterest was in testing the long temm change (from session 1 to
i

|
“ ‘0




session 4) between methods 1 and 2; that s,

7} - 7; = Vg = Vé. In our earlfer paper (Wi111ams and

The first approach,

A
He 'y

'escribed earliep as ng.
rave been used instead of P,)

It 1s the Y= criterion that can be used ¢

YAk = blxl + bzxz

tively to binary coded group variables for each cell,
For some computer programs
ncludes the unit vector is more usefy]:
Ya* 2 p

o ! b1X1 + bZX2 ..t bllxll +e,;

many other reparameterizations could have been chosen,
description of this reparameterization Process, see Will

The restriction that tests the hypothesis Y

Yyields:

[hek o -
"= (b5 - by + b)x, + PRy *eeut bypkpy + e
bgXg * b

) 10510 * byp¥yy * byyX, + e5-
Let D4 = x4-+ X

41

outlined three different approaches to answering this sort of que

(Although 1t 1s more cumbersome, P

the interest 1s in testing

.
Williams, 1984) we

stion,

3150 outlined with this same data set fn Wil 11ams
(1980), was to reconstruct the criterion a8 Y = Y* & Y% yhore Y* = 45

values are the predicted values from using the equation ‘? . bo + pr.
or the present data Y = 1/4P where P 1g the summed person vector

0 accomplish tests regarding
within group cell differences. The full mode) can be written as:

+o.+ bllez + €y where X1 to x12 correspond respec-

[4]

» 3 reparameterization of equation 4 that

{4a]
For a more complete
fams (1976),

1" Y; = Yg - Yé is b1 = by =
b5 - b8’ or b1= b5 - b8‘+ b4. Placing this restriction on equation 4

(5]

o1 = bgXy + by + by(x, + *1) + bg0X5 + X)) + bexe + box, + bg (Xg - %)) +

(6]

1 to P12 could




o

Then equation 6 can also be given as:

Y** u bZX2 +b Xq + b, X

X3 + b4D4 + bst + b X + b7X + b Dg + b9 10%10

3 8
*byyXpg ¥ byaXyp *eg. o [6a]
Efther equation 6 or a reparameterization of it, done by introducing bo an:
arbitrarily dropping any one predictor, can be used as the restricted mode’
Letting b12 = 0, one reparameterization, incorporating D4, D5 and D8 is:
Y** = b0 + bZX2 + b3X3 + b4D4 + bSD5 + bsx6 + b7X7 + bs”s + ngg + blO 10"

b1a¥i1 * &5 » [eb]
The test 1s given by:

[RE - ’2n
(1 - R2)/36
Here RZ = .64899; RZ = .57123
7.975 = 2.824.

Using Side Conditions

Another approach to the repeated measures designs s to employ side
conditions. Since the group effects are nested. in the subjects effects,
the full model
YR BP o byXy ¥ by +iuik byoKyy t e (7
can be turned 1nto a model with the groups effects removed by imposing
side conditions,

The group effects restrictions can be given as:
njby + ngby ¢ ngby + b4 | 5 g * ngbg * n707 * "gbg _ Ngbg * "1o°10 f
p*ng*ngtng Mg * Mg * ny *ng "Moot tm

Because of equal n's (proportional n's would also suffice) these restrictio

can be greatly simplified:

LY
b1 + b2 + b3 + b4 = b5 + b6 + b7 + b8 = b9 + blO + b11 + b12‘ Any two of

several restrictions could be made. The following two could be chosen:
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%'bg*%o*%1*%2‘%'bz‘%°“
%'bg*%o*ﬁl*ﬁz‘%‘b7'%° '
Imposing these two restrictions (side conditions) yields:

, and ‘ ‘

odel. § *bﬁs*“9*%0*%1*%2'%'”7'%”o*%%*bﬂa*%%
; M TS TRRTLTR AP PR (8]
; or

10*

Y - pr + bl(xl = X3) + bz(x2 - x3) + b4(x4 = X3) ¢ bs(xs-xs) + b,(x, - xs)
*P(Xg = Xg) + bylky + Xy 4 ae) 4+ by(n, + X34 Xg) + b)3(xyy + x5 4 %)
*byply, + X3+ Xg) + 0. [9]

Equation 9 (op reparameterization of it, either using different restrictions

expressing the side conditions, and/or including a unit vector) then serves

- 35 2 full model for testing within group hypotheses :

R% = .90057.

= Now, direct hypotheses can be tested by Placing appropriate restrictions

N v?§‘>w§1multaneously with the side conditions. witp the hypothesis v, - v, - Vs - A

“or, in terms of the regression coefficients, by - by = by - by or by = b5 - bg + by,
b as before. |

Then, placing all three restrictions simultaheouSIy on equation 7 yields:
f‘bf*(%‘bs*%”l*%ﬁ*(%*bmfbu*bm‘bs*%'§4'%‘bﬁ%
" Paly * bg¥g + (bg by + by 4 b, - b5 = b7 = bglks + byXy + byXy + box, +
byoXig *+ bia¥yy *+ bypXy, + egs [10]
" or
Y- - . - X - .
7 Balhy = Xg) + by(y - 2x; 4 ) U5k +X) - X5 - Xg) + by, - xg)

+ - X -

%8lXg * X3 - X - X)) + by(xg + X3+ ¥g) * byglxig + X5+ xg) +
B TICTR Xe) * byp(X)p + X, + Xg) + eq. (1)

A




e T S g

Note that the restrictions are made simultaneously with the side con-
ditions on the full model (equation 7). Equation 11 could be reparameterizec
(necessary with computer Programs that automatically introduce a unit vector)
by setting equal to zero any of the remaining b in equation 11 (excepting b
Doing this ylelds RZ = .87854; F = 1:299§§§5§7§§§§5111 - 7.9%6, ¢ V™ 2,00
this is the same t value found earlier.

This process could be repeated for any other hypothesis, imposing
the restriction impiied by the hypothgsis‘simultaneouSIy with the side con-

‘ditions. Care must be taken to be sure that hypotheses tested on this model

are appropriate; sdch hypotheses must be some combination of within group

contrasts. .

Directly Using the Full Model
Had equation 7 been used d1}ect1y. 1t can be seen that the outcome is
comparable to using side conditions.
pr + blxl + bzxz +...+ b12 12 + e6 (7]
Testing Y' V + Y V can be done using the restriction by - by = bg - b8’
or by = b, - b8 + b4. as before, ‘
Then,
Y ) b P+ (b5 - b8 + b4)X1 + bZX2 +o004 b12 12 + &g OF
Y-bP+b2X2+b3X3+b4(X4+X)+b5(X5+X)+b6X6+b7x7+b8(X -x)
* Bo¥g * bygX1o * b1a¥yy * by, * e
Reparameter1z1n9 by (arbitrarily) choosing by, = 0,
Y bo + b P+ bzxz + b3X + b4(X4 + X ) + bS(XS + X ) + b6x6 + b X + b8(x8
* b9"9 * 510%10 * O1r¥y * ey [12]
Equation 7 ylelds RZ = .90057, and equatfon 12 ylelds RZ = .87854;

F= .'9005;9; 587854 1. 7.976; ¢t =\F = 2.842, the same result as was

found by the first two methods.




e 3

It can be seen that several different approaches can be used to test
hypotheses in a repeated measures designs, The use of the LCriterion yws
where Y** = ¥ . Y% yhen Y¥ » 1/4P, as was shown 1n Will{ams (1980) allows
an appropriate testing procedure, The use of side conditions (which uses
a model removing the nesting effect) or a mode) containing the group member-
ship variables and the person-score vector (directly using the full model)
yield identica) resuilts. Perhaps the latter approach would be conceptually
easier to understand, The direct use of equation 7 can be completed despite
the nesting of the group effects.

The present paper, 11ke the earlier one, has shown three different
types of solutions for testing hypotheses (contrasts) of interest, N
three methods yield accurate results for within group comparisons. While
they yfeld results that are equivalent. they are not conceptually equal
in terms of their understandability. The first method has the drawback
of using a constructed criterfon; method two, using side conditions, 1is
unnecessarily complex; extreme care must be used to achieve intended
results. Our preference 1s clearly on the side of the third approach,
directly using the full model and making restrictions of research interest
upon it. From the point of view of actual use, the third method is
sufficient and clearly preferable. On the other hand, the relationship

to the other two solutions is at least fnteresting.
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Time Serfes ARIMA Models of
Undergraduate Grades

Dept. of Educ. Psych.
BRUCE G. ROGERS and Foundations
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University of Northern lowa Cedar Falls, IA 50614

Bruce G, Rogers

Abstract
The Box-Jenkins approach to time series analysis, a regression method
fbr analyzing sequential dependent observations, s used to determine the
most appropriate stochastic mode) for describing undergraduate grade point
averages. The technique was applied to approximately a half century of
data from two universities, to investigate models incorporating both regular

and seasonal components. Preliminary results suggest a moving average

model. Final results will be presented in the paper.
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Methods and Techniques

While the analysis of time series data has occured thraughoyt most of
the present century, major methodological advancements have become practica)
with the yse
Jenkins (1976) have become almost ubiquitous 1n the time serfes research
chmunlss. and 1t {s that methodology that 1s used to analyze the data in
this sty Y. ’

Models are Sought to describe the existing data 8cross the past ha)t
century, Some have Suggested that ?rades sgstemately vary between the terms
of a school, and that hypothesis will also be tested, using a mode} 1ncorporat1ng
both regular and seasona) components,

The major Purpose of the Paper {s to describe and 11lustrate the use of
this methodology and the interpretations of 1ts results,

Data Souce, The data was drawn from two midwestern universities which have
colTected 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 Semes ter,

Results ang 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 df fferences, Second, modes 1ncorporat1ng Hoving
Average components appear to be more promising than those with Auto Regress{ve
components, , _ '

At the present time, further analyses are being conducted to generate
models which can be defended 1n terms of adequacy and parsimony, :

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

4, 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, :

References
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Box, G.E.P. & Jenkins, G.M. (1976). Time Series Analysis: Forecastfng and
control, Revised Edition., San Francisco: Hg en-Day,
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Multiple Regression Analysis with Ric Brown :

Dichotomous outcome varfables: - School of Education

Issues and Examples California State University, Fresn
RIC BROWN Fresno, Ca, 93740 - -

California State University.‘Fresno

Objectives and Perspective

variable {s dichotomous, While such yse of regression is not revolutionary, ]
the examples provide ideas regarding appropriate situations for use and '
recommendations for presentation of results. For example, in the fipst

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

traditiona] discriminant function model, the article was accepted for

Example 1

" The research sought to investigate the coping skills of rape victims
to determine 1f some women may be more vulnerable to rape than others,
The study Investigated fiye domains; psychosocias 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, Information was also

was psychosocial competency, with the rape victir.scoring lower on
measures of social ?resence. dominance, and assertiveness, and higher

ocus of contro]., A past history of alcohol‘or.drug
abuse added to the rape-vulnerability profile, Rape victims were more
Tikely to have a past history of psychiatric hospitalization and suicida)l
thoughts, They did not differ from control worer, on the Vocabulary
subtest of the Wechsler Adult Intell{gence Scale-Revised, but they .
scored lower on the Achievement via Indpendence Scale of the Californ{a
Psychologica) Inventory, Physical abil1ty attributes were not associated
with rape vulnerability (Myers, Templer, Brown, 1984).

The proposed presentation wil} provide tdeas regarding data
presentation, the use of a stepwise procedure for domain selection
and interpretation problems,




The problem of unwed adolescent pre?nancy has been studied in the

‘ psychopathology, These
Studies yielded equivocal resuits, Graduaily, the broader social
context of pregnant teenagers began to be studied, Past research
poig%ed to the importance of the family ipn contributing to the
problem,

The objectives of this study were to investigate whether family
variables could discriminate between the families of unwed pre?nant
and non-pregnant teens, A1l teen subjects met the research criteria
of being unwed, under efghteen years of age. enrolled 1n local high
schools, and livin? with their famil{es of orfgin, Thirty-one
pregnant teen famiifes and 28 non-pregnant teen families comprised
the study sample. Each subject completed the Mgos ' Fanfly
Environment (FES). In addition, each parent completed a questionnafre
which included a problem checklist, demographic information, questions
about the teen's dating behavior and recent family structural changes,

The hypothesis that incongruence of perception and other family
adjustment varfables could differentiate the two groups was explored,
Pregnant teens were found to have Tonger boyfriend relationships and
fewer problems as rated by the parents, Their family's perceptions
were more congruent overa]l and more congruent regarding family
cohesfon but jess congruent in thefr perceptions of conflict,
organfzation and contro].

Of particular interest in example 2 was the choice of a full
model rather than a stepwise procedure. Discussion of such a choice
based on the sftuation is presented.

Example 3

This study examined the eff
development, specifically focusing on da
coping and adaptation, An investigatio
(Hispanic and Native Arerican) and acculturated (Ca
revealed two variables that, in
the two groups. These two varia




‘ h
“concentration difficulties than thei‘r acculturated coparts

di#tractibility. Suggested that acculturating adolescents were more 1ikely

-t0 report guilty and fearfu] daydreaming themes and less Hkely to report

As in the previous examples, presentation of date and interpretabiiy ty X
problems are discussed, . ) ,

Importance

' The examples presehted provide ideas for aiternative analysis in certain
situations, Additional’ly. {deas regarding Presentation of resylts will
promote discussion among potential users,

Reference

Myers, M; Templer, D; and Brown, Ric Coping ability of women who become

victims ;f rape. Journal of Consulting and Clinical Psychology, 1984,
52, 73.78, : E : . _ .
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8ignificant Interaction - I Got what 1 Needed
Keith Mciei)
Dallas Independent 8chool Distriet
. The test for interaction ig seldom treated ag a meaningful endeavor
in statistics texts. Hence it would be expected that few Tesearchars test
such 1ntoruting Questions. Mo applied journals are Surveyed for the
nunber and generic kinds of interaction Questions,

Few tested interaction hypotheses (other than seeing ¢ their data
bet assumpticns), although many haq basically identified interaction
hypotheses in their review of literature, Statistical techniques, such ag
Multiple Linear Regression, and Camputer programs exist to assist the

‘researcher in testing interaction, directional interaction, curvilinear

interaction, ete.
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Keith McNeil
Research ang Evaluation
2611 Healey Drive
Dallas, Texas 75228

a viable Question, 1Tnig is 'part:lcularly underscaored when no text
discusses directional interaction, 2

Data Source, The Paper surveys cne year's publication of two educational
Journals, poy interaction Questions are treated will be tallied, with
particular attention to “interoating" interfaction questions - thoge given
special names by Tesearchers (e.g, aptitude by treatment interaction, gap

done {t, et some of thoge tesearchers will have 1dentificd an
interaction hypothesis in their review of literature, The few that will
have tested for interaction wi} have adopted Oone of the gpe-ia)
approaches, not realizing that they could formulate the internstin,
question in the Wy they wanted, Finally, it {g expected that none -f ‘e
tesearcherit will have tested for directional interaction, yet a £
have made directional intorpretatima.

Sclentific Importance of the Study, Researchers neeq to view interaction

as a significant phenomenon in and of itself., The €ase with which
Multiple Linear ‘Regression can  test interaction should encourage

Fesearchers to look for what they want, in order to fing what they neeq,
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/ LONGITUDINAL ANALYSIS oF SALARY DISCRIMINATION IN HIGHER EDUCATION

by v
Robert L, Heiny, Samuey R. Houston, apg John B, Cooncy1

Legal and Statistical issues associated wich the use of multiple regression
models {pn tncuICy dincriminntion cases in higher education &Te presented in thie
paper, Faculty salary models 48 a function of 8ender, rank, tenure Status, ethe
niciey, academic dinciplino. and age Variables are Analyzed in , lonsitudinal
study covering three years (1982-84) at the Univorlity of Northern Colorado.
Declining student enrollment during the Period saw the size of the faculey drop
from 4 high of 480 in 1982 ¢to 4 low of 383 in 1984, Results of the exploratory
data analysis indicate dcclinina roles for gender ang echnicity variables in
explaining salary differences, While the contribution of academic discipline

variables ip the regression models wag ltltincically significant, Tesults geen

/F

Authors are faculty members of the Univereity of Northern Colorado,




SUMMARY stAr:MENT’

A spate of salary discrimination (race, gender, and age) studies using
multiple regression -odclc has appeared in the literature during the past decade.
The legal profession continues to be concerned about what ig perceived as a
_ "contest" between competing statisticiang as they aigue complex theoretical
issues 1in statistics. The relolucion of legal cases only too often seems to
depend on the dcbatina skills of an articulate statistician in guch areas as
the use of multiple regression as a valid legal Procedure, use of inappropriate
and/or disguised Pseudo~evaluative variables, collinearity problems in regression
models, uses and abuses of canonical analytic methods, etc. Part one of this
paper attempts to put into perspective the major legal and common sta:istical
issues found in salary discrimination cases in higher education.

A locond part of the paper will be a louaitudinal study of the University of
Northern Colorado (UNC) covering the three academic years between 1982 and 1985,
With careful attention paid to the concerns raised about regression models in
Judical cases 1nvolv1ng race, gendcr. and age discrimination, several faculty
salary models are formulated using multiple linear regression. The number of
faculty vary from a high of 480 in 1982-83 to & low of 382 in 1984-85, The change
in the number of faculty members ie explained by declining student enrollments
during this period. What emerges from the exploratory data analysis are resulcs
consistent with the changing role of UNC to a multi-purpose university and
corresponding changes 1in institucional salary policies. Gender and sthnicity
variables seem to &ppear as less tmportant factors in explaining salary differences.
While the contribution of academic dinctpl;no variables, tenure status and rank
variables are statistically significant, their relationships to salary seem con-
sistent with evolving institucional’ patterns reflecting salary policies. Multiple
regression models supported by Appropfiatc follow-up canonical corfelation and
discriminant analyses were used in the data analysis.

\

In addition to analyzing sdlary data obtained as part of the three-year

longitudinal study at UNC, specific suggestions are given for subsequent research
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; in the third part of the paper. The recommendations are sensitive not only to
the legal and statistical issues raised in the first part of the paper but are

\]
consistent with results obtained from the exploratory data analysis. '
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