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ABSTRACT

The project's overall objective was to determine whether vocational
interest and ability measures can help high school students identify
vocational education programs in which they will experience satisfaction and
success. Career Planning Program (CPP) interest measures (6) and ability
measures (15) were administered to 2,101 seniors in 19 area vocational-
technical schools. At least 20 satisfied/successful seniors (as determined
from student and instructor ratings) were enrolled in each of 24 diverse
vocational programs. The 24 programs were grouped into six job clusters
similar to Holland's occupational types. Multivariate analyses showed that
job cluster differences were statistically significant at well beyond'the
.0001 level. Generally, students' interest and ability scores were congruent
with the content of their vocational programs. About four out of five
satisfied/successful seniors would have been referred, by their CPP score
report, to the job cluster containing the vocational program they completed.
Thus, vocational interest and ability measures appear to have potential for

benefiting large numbers of prospective vocational education students.
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PROJECT CHOICE: VALIDITY OF INTEREST AND ABILITY MEASURES
FOR STUDENT CHOICE OF VOCATIONAL PROGRAM

Vocational education programs provide high school students with a wide
variety of opportunities--opportunities to develop reading, writing, and
mathematics skills through practical applications; opportunities to develop
work-specific knowledge, skills, and values; and, for some, opportunities to
discover reasons for continuing education beyond the compulsory age of
attendance. Project CHOICE sought to determine whether interest and ability
measures can help high school students identify vocational education
opportunities in which they will experience satisfaction and success. If so,
several benefits might accrue.

First, high school students (e.g., sophomores) who would not otherwise
have considered vocational education programs can learn of opportunities
appropriate to their interests and abilities. As a result, more students may
apply for vocational education programs.

Second, students who are already considering vocational education
programs can have a better basis for choosing from among those programs.
Likewise, vocational educators and counselors can have a better basis for
guiding students into programs congruent with their interests and abilities.
As a result, students may be more motivated to learn and to complete their
programs,

Third, motivated students completing vocational education programs will
have more appropriate work-related values and enhanced skills~-including
proficiency in reading, writing,-and math. As a result, the work force could
become increasingly productive. Thus, Project CHOICE provides a basis for
determining whether enhancements in the delivery of vocational education are
possible--to the potential benefit of youth, vocational educators and

counselors, and the nation.



Project CHOICE objectives were as follows:

l. To determine whether the Career Planning Program (CPP) interest and
ability scores of satisfied and successful ("satisfied/successful") high
school seniors differ from program to program across a diverse range of
vocational education programs; and if so--

2. To determine whether satisfied/successful seniors score as one would
expect on the basis of the vocational programs which they completed.

3. To determine the relationship between CPP Ability Test scores and
grades in specific vocational programs.

4. To determine how many satisfied/successful seniors would have been
referred, by the standard CPP score report, to the vocational program they
completed. If the proportion is substantial, then vocational educators and
counselors may wish to use the CPP (or a similar instrument) at the time
students typically consider opportunities in vocational education (e.g.,
Grade 10).

Procedures
Sample

A representative of the Missouri Department of Elementary and Secondary
Education obtained agreements to participate in Project CHOICE from 19 area
vocational-technical schools in Missouri. Each school named a project

coordinator who attended one of four, half-day project orientation sessions.

Of the 2,915 seniors in the project schools, 2,101 (72%) completed one or more

parts of the CPP between March and May of 1989. Across schools, student
participation rates ranged from 98% to 47%. Project coordinators identified
non-participants primarily as absentees and students who were engaged in

cooperative work placements and internships.



Of the 2,101 students completing the CPP, 337% were female and 67% were
male. An optional question regarding racial/ethnic background was answered by
1,913 students (91%). Responses were as follows: Afro-American/Black (6%),
American Indian (3%), Caucasian-American/White (85%), Mexican-
American/Chicano, Puerto Rican, or other Hispanic Origin (1%), Asian-American,
Pacific Islander (1%), and other (4%).

When students completed the CPP, they were asked to identify their
vocational program on a list of 76 programs drawn from the Directory of

Vocational Programs in Missouri (Missouri Department of Elementary and

Secondary Education, 1987). Enrollments by program area were as follows:
Agricultural Education (53); Business and Office Education (276); Marketing
and Cooperative Education (239); Occupational Home Economics Education (33);
Industrial Education--Health (167); Industrial Education--Industrial (1,311);
unidentified (22). Programs typically included in Missouri's general high
schools (e.g., agricultural programs) are underrepresented in the sample.

Assessment of Interests and Abilities

The CPP, which is published by American College Testing (ACT), consists
of an interest inventory, an ability test battery, a unit collecting self-
estimates of abilities, and a career-related experience inventory (not used in
this study). Administration of the CPP requires about 2 1/2 hours.
Descriptions of CPP materials are provided in Appendix A. The Interim

Psychometric Handbook for ACT's Career Services (ACT, 1988) and its

supplements describe the 1983 national norming and summarize data on the
reliability and validity of CPP measures. Other sources of psychometric

information include the Technical Report for the Unisex Edition of the ACT

Interest Inventory (UNIACT) (Lamb & Prediger, 1981) and reports based on the




ACT Vocational Research Program (see Appendix B). CPP measures are briefly
described below.

Interests. The Unisex Edition of the ACT Interest Inventory (UNIACT)
contains six, 15-item scales corresponding to the six CPP Job Clusters (see
below) and Holland's (1985) six occupational types. UNIACT scale names (with
corresponding Holland types in parentheses) are as follows: Business Contact
(Enterprising), Business Operations (Conventional), Technical (Realistic),
Science (Investigative), Arts (Artistic), and Social Service (Social).

Abilities. The CPP Ability Tests assess level of development in the
following six areas: Reading (40 items), Language Usage (64 items), Clerical
Skills (35 items), Space Relations (35 items), Numerical Skills (32 items),
and Mechanical Reasoning (30 items). In addition, students are asked to
provide self-estimates for the following nine abilities: Sales,
Leadership/Management, Organization, Manual Derxterity, Helping Others, Meeting
People, Scientific, Creative/Artistic, and Creative/Literary. This CPP
component is intended to help students clarify and record self-concepts
concerning work-relevant abilities that are not easily measured by tests.

Each ability is accompanied by a brief, student-oriented definition. Students
estimate whether they rank in the lower 25%, middle 50%, or upper 25% of
students their own age.

The ability self-estimates are combined with the CPP Ability Test scores
to obtain scores for six Job Cluster Ability Scales, one scale for each of the
six CPP Job Clusters. The scores for each Job Cluster Ability Scale are based
on the four abilities listed in the job cluster boxes on page 1 of the CPP

score report (see Appendix C).



Interpretation of Interest and Ability Scores

The section of the CPP score report titled "How to Use Your Report
contains a narrative interpretation of the student's CPP scores. This
interpretation, which is tailored to each student's score profile, suggests a
job cluster (or clusters) which the student may want to explore, given his/her
interests and abilities. The six CPP Job Clusters are similar in nature to
thg occupational groups described by Roe (1956) and Holland (1985). Each job
cluster subsumes from two to six job families. There are 23 job families
across the six job clusters.

Students are referred to job clusters by Message 3 (interests) and
Message 5 (abilities) in the score report narrative. Appendix E provides the
decision rules used to determine the content of Messages 3 and 5. These
decision rules are intended to approximate a counselor interpretation of CPP
interest and ability scores. Each message refers a student to one, two, or
three job clusters, depending on the differentiation of the student's score
profile. When a profile is undifferentiated ('flat'"), no clusters are
suggested,

Assignment of Vocational Programs to Job Clusters

In order to address Objectives 1, 2, and 4, each vocational program was
assigned to one of the CPP Job Clusters (see Figure 1). The assignment of
programs (e.g., Electronic Technology, Drafting, and Business Data
Programming) to the Science Job Cluster was rather arbitrary. Since these are
high-school-level programs, an argument can be made for their assignment to
the Technical Job Cluster. The Science Job Cluster was chosen so that all six
job clusters would be represented in the analyses. One consequence is that

differences between the Science and Technical Job Clusters may be blurred.



Identification of Satisfied/Successful Seniors

Upon completion of the CPP, students responded to two questions assessing
the degree to which they were satisfied with their vocational program (e.g.,
"How satisfied are you with the fit between your vocational program and your
abilities and interests? That is, would you make the same choice again?'") A
3~point rating scale was used with each question. At the end of the spring
term, instructors also responded to a question assessing program fit (i.e.,

"Satisfactoriness rating: Please indicate whether you think your vocational

program was a good choice for the student. Consider only the student's job-
related abilities and interests . . .'"). A 4-point rating scale was used. 1In
addition, instructors reported each student's vocational program grade.
Satisfied/successful seniors were defined as those having grades of C or
higher in vocational programs that were congruent with their interests and
abilities, as judged by both the students and their instructors. Prediger and
Brandt (1990) provide specifics.

Approximately 1,700 students (81% of the total sample) were classified as
satisfied/successful. The remaining students (the '"dissatisfied and/or
unsuccessful group'") may have met the satisfaction and success criteria for as
many as three of the four screens that were used. As a result, differences
between the satisfied/successful group and the remaining group may be blurred.
Although the proportion of satisfied/successful students is relatively high,
it does not reflect students in project high schools (and the feeder schools
they serve) who dropped out in the 10th, 1llth, or 12th grades.

Results

Differentiation of Vocational Programs

Three related statistical procedures--multivariate analysis of variance

(MANOVA), discriminant analysis (DISANL), and hit rate analysis--were used to



determine whether the interests and abilities of satisfied/successful seniors
differ across vocational programs in a manner that is both statistically
significant and substantial (Objective 1). The nature and relevance of these
procedures are described in Appendix D. Analyses were conducted via the SPSSX
DISCRIMINANT routines (SPSS Inc., 1988). Job clusters served as the criterion
groups.

Two types of analyses were conducted: weighted and unweighted. In the
former analyses, the job clusters were weighted to have equal size and
influence. Thus, the Arts Job Cluster (for example) would not be overwhelmed
by the Technical Job Cluster, which is more than 12 times larger. All
descriptive statistics are based on weighted analyses. Statistical
significance tests, however, are based on unweighted analyses. Thus, they
reflect actual sample sizes.

The dimensionality of job cluster differences was determined through the
use of DISANL. The accuracy of job cluster membership predictions (the "hit
rate') was determined from group similarity indices, as explained in Appendix D.
Because the relatively small number of cases for some job clusters precluded
having a cross—validation sample, hit rates may be somewhat inflated.

Results addressing Objective 1 are presented in Tables F1-F3 in
Appendix F. For each of the three sets of measures——Interest Scales, Ability
Tests, and Job Cluster Ability Scales--Wilks's lambda was statistically
significant at the .000: level. These results indicate that differences among
job clusters (vocational programs) on each set of measures cannot reasonably
be attributed to chance (i.e., the differences can be thought of as real).

The proportion of total variance associated with job cluster differences (as
measured by the Wilks index) ranged from .40 for the Ability Tests to .43 for

the other two sets of measures. The overall hit rates for job cluster



predictions were 36% for the Ability Tests, 39% for the Job Cluster Ability
Scales, and 40% for the Interest Scales. Thus, the three sets of measures
performed about equally well in differentiating and predicting job clusters.

Interest Scale hit rates for the six job clusters were as follows:
Business Contact (23%), Business Operations (50%), Technical (54%), Science
(30%), Arts (33%), and Social Service (50%). Job cluster hit rates for the
other measures are given in Tables F2 and F3. The highest hit rate was for
the Technical Job Cluster for all three sets of measures. Because the
Technical Job Cluster was much larger than the other clusters, the overall hit
rate would have ranged from 44% to 48% for the three sets of measures had the
job clusters been weighted according to actual size.

As shown in Tables F1-F3, univariate F values for the 18 variables in the
three sets of measures were all statistically significant at the .0001 level.
The DISANL results presented in Tables F1-F3 confirm that job cluster
differentiation is multi-dimensional. From two to four independent
discriminant functions appear to be warranted, depending on the set of
measures. These results, loadings for the discriminant functions (not
tabled), and the results for the univariate F tests, indicate that each of the
CPP measures plays an important role in job cluster (vocational program)
differentiation.

Appropriateness of Vocational Program Score Profiles

Mean score profiles for 24 vocational programs with at least 20
satisfied/successful students were used to determine whether satisfied/suc-
cessful seniors score as one would expect on the basis of their vocational
programs (Objective 2). Because standard deviations differed substantially
from variable to variable for a given type of measure (e.g., interests) and

from program to program, there is no easily comprehensible way to take into



account variation among students within a vocational program. Hence, the mean
score profiles can best be viewed as indicating trends. The practical
implications of score profile differences across vocational programs are
addressed by the analyses conducted for Objective 4.

Two approaches can be used to determine whether interest and ability
profiles meet expectations based on vocational program content. Through an
intra-program analysis, the mean profile for a given vocational program can be
examined in light of the tasks characterizing the program. Do Drafting
students, for example, score higher on Mechanical Reasoning and Space
Relations than on the other four Ability Tests? Through an inter-program
analysis, the mean scores for a given measure can be compared across
vocational programs. Expectations regarding which programs will score highest
and lowest on Numerical Skills, for example, can be checked against study
results.

Intra-program Analyses. Mean score profiles for the largest vocational

program in each of the six CPP Job Clusters are presented in Figures 2-7. The
horizontal line on each figure shows the performance of a nationally
representative sample of high school seniors (the CPP norm group). Tables F4-
F6 provide means for the six job clusters and all vocational programs with 20
or more satisfied/successful seniors.

Interest Scale means for vocational programs (Figures 2 and 3) are about
as one would expect on the basis of program content. For example, Marketing
and Distributive Education students (Business Contact Job Cluster, as shown by
Table F4) score highest on the Business Contact Scalej Auto Mechanics students
(Technical Job Cluster) score highest on the Technical Scale; and Typing and
General Office students (Business Operations Job Cluster) score highest on the

Business Operations Scale. There are two apparent exceptions. Nursing
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students were assigned to the Social Service Job Cluster but they score
highest on the Science Scale. Social Service is the second highest scale.
This pattern was also observed in seven of nine samples of 2-year and 4-year
college students (Lamb & Prediger, 1981), Thus, it is not exceptional.
Nursing may be more appropriately assigned to the Science Job Cluster.

Students in the Electronic Technology program provide the other possible
exception to expected results. They score highest on the Technical Scale,
although their program is assigned to the Science Job Cluster. Recall,
however, that the decision to assign high-school-level vocational programs to
the Science Cluster rather than the Technical Cluster was somewhat
arbitrary. Hence, it is not surprising that programs assigned to the Science
Job Cluster score high on the Technical Scale. Also, note that Electronic
Technology students had similar scores on the Science and Technical Scales;}
whereas, Auto Mechanics students (Technical Job Cluster) scored much lower on
the Science Scale.

Due to the lack of a close correspondence between some of the abilities
assessed by the CPP and the tasks characterizing some of the vocational
programs, it is sometimes difficult to determine whether the Ability Test
profiles (see Figures 4 and 5) are congruent with program content. (For
example, what ability profile would one expect for Marketing and Distributive
Education students?) Profile differentiation (distance between peaks and
valleys) is greatest for students in Auto Mechanics and Electronic
Technology. Both programs have peak scores on Mechanical Reasoning and Space
Relations, as one would expect on the basis of program content. The
difference in profile elevation is also according to expectation.

Because the Job Cluster Ability Scales parallel the CPP Job Clusters,

expectations regarding vocational program profiles are clearer than for the
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less comprehensive Ability Tests. Four of the six vocational programs have
peak scores on the scales corresponding to their job cluster assignments (see
Figures 6 and 7). One exception, Electronic Technology, was already discussed
in conjunction with the review of Interest Scale results. The other exception
is the Typing and General Office program (Business Operations Job Cluster).

It is not clear why students in this program score higher on the Social
Service and Arts Scales than on the Business Operations Scale. Their Interest
Scale profile (Figure 3) and Ability Test profile (Figure 5) are about as one
would expect on the basis of program content.

Profile differentiation is substantial for most vocational programs.
Across the six programs shown in Figures 2 and 3, the mean difference between
Interest Scale peaks and valleys is 1.6 stanine units. {The standard
deviation for students in the national norm group is 2.0 stanine points).

Mean differences for the Ability Tests and Job Cluster Ability Scales are 1.6
and 1.4 stanine units, respectively. Such data simply document what can be
observed-—-that most vocational programs have distinctive profiles. Readers
may wish to conduct similar intra-program analyses for other vocational
programs (see Tables F4-F6).

Inter-program Analyses. Inter-program comparisons can also be conducted

through reference to Tables F4-F6.

Comparison of Students Who Did and Did Not Meet Screens. Job cluster

profiles for seniors who met the four satisfaction/success criteria (''screens")
and those who did not are shown in Appendix G. (Readers should keep in mind
that score profiles for a given job cluster mainly reflect data for the largest
vocational programs in the'job cluster--see Figure 1 for program enrollments.)
Generally, the Interest Scale profiles for students meeting the satisfaction/

success screens are more differentiated and more appropriate than the profiles
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for students not meeting the screens (see Figures G1-G6). Students not meeting
the screens generally have lower Ability Test profiles (see Figures G7-G12);

and, as one would expect, this finding also held for the Job Cluster Ability

Scales (see Figures G13-G18).

Correlations Between Ability Test Scores and Grades

All students for whom vocational program grades and CPP Ability Test
scores were available were included in the analyses addressing Objective 3.
That is, students were not screened for satisfaction/success. Because
correlations were needed for specific vocational programs, data for programs
had to be pooled across Project CHOICE schools in order to have samples large
enough to warrant analysis. An arbitrary cutoff of 30 students was
established for this purpose.

Correlations between Ability Test scores and grades in vocational courses
are reported in Table 1. Correlations that are statistically significant at
the .01 level (i.e., correlations that cannot reasonably be attributed to
chance variations from a population correlation of zero) are indicated by an
asterisk. Readers will recall that indicators of statistical significance are
sensitive to sample size. Hence, some relatively low correlations. (e.g., .16)
have an asterisk while some relatively high correlations (e.g., .42) do not.
Readers will also recall ﬁhat differences in level of correlation from measure
to measure and program to program are likely to be unstable when sample sizes
are small, Thus, attention should be focused on the general trends shown by
Table 1.

Correlations for the Academic Ability composite (G) ranged from .04 (Auto
Body Repair) to .63 (Agribusiness/Production, Miscellaneous). The median was
.36. Although each of the Ability Tests had the highest correlation for at

least 1 of the 22 programs, there is no clear evidence of differential
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validity. Perhaps the best indicators of trends are provided by the median
correlations reported for the Business Operations, Technical, and Social
Service Job Clusters. For each job cluster, the highest medians are in the
.30s, a result that would be disappointing if the correlations had been based
on within-school data rather than on data pooled across schools. Because of
the likelihood of across-school differences in student abilities, program
content, and grading standards (e.g., see Brandt, Ferguson, & Reed, 1988),
correlations obtained through pooling across schools are probably under-
estimates of the correlations to be expected within a specific school,

The vocational program ability profiles presented in Table F5 and
summarized in the right-hand column of Table 1 provide a different perspective
on the usefulness of the Ability Tests. The profiles show that the abilities
of satisfied/successful seniors are generally in accord with expectations
based on the content of their vocational programs. This finding suggests that
ability test profiles can be used to help prospective vocational students
identify programs enrolling satisfied/successful students who have ability
profiles similar to their profiles. In a review of vocational program
counseling and selection procedures, Pucel (1980) concludes that this
similarity approach to the use of ability test scores provides a promising
alternative to grade predictions based on correlational data.

Appropriateness of Suggestions Provided by CPP Score Report

The analyses addressing Objective 4 determined the agreement between (a)
the job cluster suggestions provided by the narrative interpretation on each
student's CPP score report and (b) the job cluster containing the student's
vocational program. Only satisfied/successful seniors were included in the
analyses. To the extent that the CPP interest and ability measures have

concurrent validity, one would expect a high rate of agreement (a high "hit
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rate'). The hit rate for interests and abilities, combined, provides an
overall indication of the appropriateness of the score report's narrative
interpretation.

Hit rates for interests are summarized in Table 2. Three job clusters
were suggested to 156 students; two job clusters were suggested to 822
students; and one job cluster was suggested to 633 students. The overall hit
rate for the 1,611 satisfied/successful seniors was 64%. The 99% confidence
limits for the overall hit rate range from 61% to 67%. Since these limits do
not include the chance hit rate (28%), the overall hit rate cannot be
reasonably attributed to chance. In fact, it is highly significant,
statistically.

Table 3 shows that the overall hit rate for the Job Cluster Ability
Scales was 58%, more than twice the chance rate of 28%Z. The 99% confidence
limits for the overall hit rate range from 55%Z to 61%.

Because the CPP score report encourages students to explore job clusters
"on the basis of interests and abilities, the hit rate was determined for
interests and abilities used in combination. First, the hit rate for
interests was determined, as described above and reported in Table 2. Next,
the 584 students who were not referred to their own job cluster ("Interest
Scale misses'") were identified and combined with the 98 students who had
missing interest scores or flat interest profiles. (The CPP score report does
not use flat profiles to suggest job clusters.) Of these 682 students, 66
lacked ability scores or had flat ability profiles. Finally, the "residual
hit rate" was determined for the remaining 616 students (682 minus 66) on the
basis of their Job Cluster Ability Scale scores. Results are reported in

Table 4. As can be seen, the ability-based interpretations of 273 of the 616
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students included the job cluster containing the student's vocational
program. Thus, the residual hit rate was 447%.

Altogether, Interest Scale and Job Cluster Ability Scale interpretations
were made for 1,643 students--the 1,611 students whose interest results are
reported in Table 2, plus 98 students who had missing interest scores or flat
interest profiles, minus 66 students who had missing ability scores or flat
ability profiles. Of these 1,643 students, 1,300 were referred to the job
cluster containing their vocational program (1,027 by interests and 273 by
abilities). Hence, the combined hit rate was 79% (1,300/1,643). The 99%
confidence limits for the combined hit rate range from 76% to 82%.

One way to estimate the chance hit rate is to compare the total number of
students in the analysis with the total number of hits expected on the basis
of chance. Through this procedure, the effect of providing both interest and
ability interpretations to Interest Scales misses will be reflected in the
chance hit rate. The number of hits expected on the basis of chance is 458
for interests (see Table 2) and 179 for abilities (see Table 4), for a total
of 637. Thus, the combined chance hit rate is 39% (637 divided by 1,643, the
total number of students in the analysis). The actual hit rate (79%) is more
than twice as large as the chance hit rate.

Summary and Discussion

Project CHOICE sought to determine whether interest and ability measures
can help high school students identify vocational education programs in which
they will experience satisfaction and success. Generally, satisfied/success—
ful seniors scored as one would expect on the basis of the vocational programs
which they completed. Similar results were obtained, previously, in a
longitudinal study of community college students in 22 vocational, technical,

and transfer programs (ACT, 1988). Ability Test correlations with vocational
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program grades were relatively low, possibly because they were based on data
pooled across schools. Other studies suggest that the Ability Tests, when
used in combination (ACT, 1988; Prediger, 1971; Swaney & Prediger, 1988) and
in conjunction with past grades (Prediger, 1971), can provide useful within-
school correlations.

The narrative section of the CPP score report translates a student's
interest and ability scores into suggestions regarding job clusters the
student may wish to explore. Analyses show that about four out of five
satisfied/successful seniors would have been referred, by their CPP score
report, to the job cluster containing the vocational program they completed.
From the standpoint of practical applications, this appears to be the most
important Project CHOICE finding.

Since project results are promising, vocational educators and counselors
may wish to consider ways in which interest and ability measures can aid high
school students who face choices regarding vocational education
opportunities. One approach would be to supplement the standard CPP score
report with a list of vocational programs available to students in a given
school district. If the vocational programs were grouped by job cluster (as
in Figure 1), prospective vocational students could easily identify vocational
education opportunities in line with their interests and abilities.
Furthermore, vocational educators and counselors would have a better basis for
guiding students into programs that would provide both satisfaction and
success.

In summary, project results indicate that interest and ability measures
can help high school students identify vocational education programs
appropriate to their interests and abilities--programs pursued with

satisfaction and success by students who have similar interests and abilities.
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Table 1

Ability Test Correlations with Grades; Highest Vocational Program Means

JOB CLUSTER and Ability Test Correlations? Highest
Vocational Program N> RS LU €S SR_NS MR G means
BUSINESS CONTACT CLUSTER CS, SR
31, Marketing & Distrib. Ed. 131 40% 47% 38% 19  36% -18  46% CS, SR
BUSINESS OPERATIONS CLUSTER® 34 30 17 24 35 19 37 Ccs, LU
20. Accounting & Bookkeeping 42 19 23 05 -01 -01 -06 14 CS, NS
24. Data Processing & Related 59  39*% 41*% 08 24  35% 28  42* (S, RS
25. Secretarial & Related 53 24 30 25 19 27 19 37% LU, CS
27. Typing & General Office 79 34% 27*% 31% 30% 36% Q9 35% (¢S, LU
30. Business & Office Ed. 53 53*% 58% 17 28 41% 49*% 56% LU, CS
TECHNICAL CLUSTER® 25 21 24 29 36 31 28 MR, SR
10. Agribusiness/Prod., Miscl. 30 53% 54% 47% 56% 63*% 42 63* MR, SR
68. Carpentry 150 22% 19% 19 29% 27% 34% 27% MR, SR
70. Electrical, Miscl. 34 25 28 24 42% 42% 25 37 MR, SR
77. Heating, A.C., & Refrig., 76 27% 21 12 40% 28% 33% 28% MR, SR
81. Aircraft Mechanics 55 37% 36% 42% 36% 46% 31 47% MR, SR
82. Auto Body Repair 182 -01 00 09 05 Ol 15 04 MR, SR
83. Auto Mechanics 240 13 07  29% 1le* 23* 31* 19% MR, SR
90. Machine Tool/Shop 64 02 -02 05 25 36*% 27 16 MR, SR
92. Welding & Soldering 66 35% 29% 30% 15 39% 28 48% MR, SR
SCIENCE CLUSTER MR, SR
64. Electronic Technology 83 35% 24 02 18 35% 07 38* MR, SR
87. Drafting 59 27 14 16 37% 35% 24 28 MR, SR
ARTS CLUSTER Cs, SR
88. Graphic & Printing Comm. 81 26% 27*% 14 29*% 23 18 29* (CS, SR
SOCIAL SERVICE CLUSTER® 35 34 35 28 27 32 38 CS, SR
56. Practical Nursing 37 27 26 21 11 25 36 36 CS, RS
57. Nursing Related Services 81 36% 33% 32% 31% 22 15 36*% CS, RS
59. Allied Health, Other 46 34  45% 39% 26 30 28 41* RS, CS
62. Cosmetology 35 63*% 36 63% 38 31 42*% 57*% (S5, SR

Note. Correlations (decimals omitted) are with grade average in vocational
courses. Data for vocational programs have been pooled across schools. Highest
means (G excluded) are based on students meeting satisfaction/success screens (see
Table F5 in Appendix F).

appbreviations for ability tests are as follows: Reading Skills (RS), Language
Usage (LU), Clerical Skills (CS), Space Relations (SR), Numerical Skills (NS), and
Mechanical Reasoning (MR). Academic Ability (G) is a composite of RS, LU, and NS.

bSample sizes vary slightly from test to test. The smallest sample size is
reported.

CWhen there are three or more programs in a cluster, median correlations are shown.

*p < .01, l-tailed test.
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Table 2

Students Referred, by Interest Scale Interpretation, to the Job Cluster

Containing Their Vocational Program ("Interest Hit Rate")

Number of hits Hit rate
Number of job
clusters suggested N Chance Interests Chance Interests
3 156 788 124 50% 79%
2 822 274P 563 33% 68%
1 633 106€ 340 17% 547
Total 1,611 458 1,027 287% 647

Note. Excluded were 98 students with missing interest scores or a flat interest
profile. The Career Planning Program score report does not use flat profiles to
suggest job clusters.

anN/2. bPN/3. ©N/e.
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Table 3

Students Referred, by Job Cluster Ability Scale Interpretation, to the Job

Cluster Containing Their Vocational Program ("Ability Hit Rate")

Number of hits Hit rate
Number of job
clusters suggested N Chance Abilities Chance Abilities
3 141 718 108 50% 77%
2 811 270P 527 33% 65%
1 618 103¢ 273 17% 447
Total 1,570 444 908 28% 58%

Note. Excluded were 139 students with migsing ability scores or a flat ability
profile. The Career Planning Program score report does not use flat profiles to
suggest job clusters.

aN/2. bN/3.  ©N/e.
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Interest Scale "Misses'" Referred, by Job Cluster Ability Scale Interpretation,

to the Job Cluster Containing Their Vocational Program ("Residual Hit Rate")

Number of job

Number of
residual hits

Residual hit rate

clusters suggested N Chance Abilities Chance Abilities
3 64 328 46 50% 727%
2 330 110P 162 33% 49%
1 222 37¢ 65 17% 29%
Total 616 179 273 29% 44%

Note. Excluded were 66 students with missing ability scores or a flat ability
profile. The Career Planning Program score report does not use flat ability

profiles to suggest job clusters.

aN/2. bN/3. ©n/e.
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APPENDIX A

Description of ACT Career Planning Program Materials

EXAMINATION KIT
Designed to help counselors and administrators review the
various components of the CPP prior to adoption, each kit
contains those materials central to use of the program: one
Assessment Booklet and Career Guidebook, answer folder,
scoring and reporting services for one participant, a Counselor's
Iéanual, an ACT World-of- Work Map Poster, and a CPP Action
uide.

ASSESSMENT BOOKLET —Form JX (new in August 1989)
This reusable booklet contains all assessment items needed for
any of the three CPP administration options described below.
The quantity needed depends on local administration plans.
Because revisions to the UNIACT Interest Inventory (Unit 4) have
resulted in changes to the CPP scoring system, those using
Form JX Assessment Booklets with Option A or B below must
also use the revised CPP Answer Folder Form JX for machine
scoring and reporting by ACT.

CAREER PLANNING PACKET

Option A provides a CPP Career Guidebook, answer folder with
prepaid scoring, and two copies of a personalized narrative score
report. Consumable. One packet per participant is required.

Option B provides the same materials as Option A plus a self-
scoring or NCS-scannable answer sheet for immediate scoring
of the ability measures. Consumable. One packet per participant
is required.

Option C provides only the self-scoring or NCS-scannable
answer sheet for the ability measures and an ability score profile.
For local scoring only. Consumable. One packet per participant
is required.

COUNSELOR'S MANUAL

This booklet provides important information for counselors,
including a description of CPP assessment components,
administration and scoring procedures, suggestions for
interpretation and use of CPP results, and selected psychometric
documentation. One copy of the CPP Counselor's Manual is
provided with all first-ime orders. Additional copies can be
requested at any time at no cost.

DIRECTIONS FOR ADMINISTRATION

This manual provides directions for administering the CPP in
one-, two-, and three-session administration. One copy of
Directions for Administration of the CPP is provided with all first-
time orders. Additional copies can be requested at any time at
no cost.

ACTION GUIDE

The contents of this booklet were revised and expanded to
include suggestions for involving school staff, sample
communications to parents and the community, ideas for
conducting warm-up and group interpretation sessions, follow-
through activities, and methods for evaluating the effectiveness
of the program. A special section focuses on the needs and
concems of individuals beyond high school age.

WORLD-OF-WORK MAP POSTER

This 17" x 24" color wall poster can be placed in your career
center, school library, guidance office, or classroom to
reinforce and support career exploration based on the ACT
occupation classification system.

The publications listed below provide information on CPP rationale. development, occupational structure, national norming, reliability.
and validity. The Supplement series, introduced in 1988, includes reports completed since publication of the Interim Psychometric
Handbook. Supplements will be included with all orders for the Handbook at no additional charge. Previous Handbook purchasers

may request any or all of the Supplements at no cost.

INTERIM PSYCHOMETRIC HANDBOOK FOR THE 3rd
EDITION ACT CPP

This handbook provides extensive discussion of the research
related to the development of the 3rd Edition CPP, including
descriptions of reliability and validity studies.

HANDBOOK SUPPLEMENT 1

This supplement to the CPP Psychometric Handbook
includes 3 reports: “Bases for the Assignment of Abilities to
CPP Job Clusters"; “Relationship between CPP Ability Tests
and Course Grades"; and "Relationship between CPP Ability
Tests and Other Ability Tests.”

HANDBOOK SUPPLEMENT 2

This supplement to the CPP Psychometric Handbook
includes 4 reports: “Differentiation of Occupational Choice
Groups by [CPP Ability Tests] ASVAB-14 Composites and
ASVAB-14 Job Cluster Scales”; "Differentiation of
Occupational Choice Groups by CPP Ability Tests and Job
Cluster Scales”; "Differentiation of Occupational Groups by

CPP Ability Tests” (a 6-year longitudinai study); and
“Differentiation of Educational Groups by CPP Ability Tests
and Rated Abilities.”

TECHNICAL REPORT FOR THE UNISEX EDITION OF THE
ACT INTEREST INVENTORY (UNIACT)

Because UNIACT is a major component of the CPP, this 90-
page report is a companion to the Handbook. The report
describes the development of UNIACT. provides data on
degree of sex-balance, and summarizes reliability and validity
evidence. Included are correlations with other interest
inventories.

ABILITY DIFFERENCES ACROSS OCCUPATIONS: MORE
THAN g

This reprint from the Journal of Vocational Behavior reports
research on the relevance of 14 cognitive and noncognitive
abilities to the CPP job clusters.



APPENDIX B

THE ACT VOCATIONAL RESEARCH PROGRAM:
SUMMARY OF REPORTS (9/89 update)

Dale J. Prediger
Research Division
American College Testing

Vocational research has been conducted at American College Testing (ACT) for
over 20 years. Farly work involved the construction of vocational assessment
instruments (ACT, 1969; 1972; 1974a; & 1974b), the refinement of Holland's
system for classifying occupations (Holland, Whitney, Cole, & Richards, 1969;
Cole, Whitney, & Holland, 1971), and analyses of the basic structure of
vocational interests (Cole, 1973; Cole & Hanson, 1971). Much of this early
work was summarized by Hanson and Cole (1973).

In 1972, in conjunction with ACT's decision to include a career exploration
component in the ACT Assessment Program (the "ACT"), a formal program of
vocational research was begun, Pages 3-8 of this paper provide an index to 57
published reports in the ACT Vocational Research Program. For each report,
the most relevant topics are indicated (see list below), and page references
for abstracts are given. The index and abstracts are arranged in the
following two sections of this paper: Research; Discussion of Issues and
Procedures.

Major Topics Addressed by the ACT Vocational Research Program
A. Definition and determination of sex bias in interest inventories.

B. Validity of various procedures for reporting interests to counselees
(e.g., sex-balanced vs. sex-divergent scores).

C. DNimensions and procedures for classifying occupations and interests
(e.g., work tasks, job families).

N. Relationship of personal characteristics to various educational and
vocational outcome criteria.

E. FEffects of interest inventories on counselees.
F. Vocational choice and development.

G. Role of assessment in career counseling and development.



References (in addition to ahstracted studies)

American College Testing Program. The ACT Guidance Profile (Rev. ed.). Iowa
City, Iowa: Author, 1969,

~American College Testing Program. Handbook for the ACT Career Planning
Program (1972 ed.). lowa City, lowa: Author, 1972.

American College Testing Program. Assessment of Career Development
handbook. Boston: Houghton Mifflin, 1974. (a)

American College Testing Program. Career Planning Program, Grades 8-11,
handhook. Roston: Houghton Mifflin, 1974, (h)

Cole, N. S. On measuring the vocational interests of women. Journal of
Counseling Psychology, 1973, 20, 105-117,

Cole, N. S., & Hanson, A, R, An analysis of the structure of vocational
interests. Journal of Counseling Psychology, 1971, 18, 478-486,

Cole, N. S., Whitney, N. R,, & Holland, J. l.. A spatial configuration of
occupations, Journal of Vocational Behavior, 1971, 1, 1-9,

Hanson, G. R., & Cole, N, S, The vocational interests of young adults (ACT
Monograph No. 11). 1Iowa City, Iowa: American College Testing Program,
1973.

Holland, J. L., Whitney, D. R., Cole, N. S., & Richards, J. M,, Jr, An
empirical occupational classification derived from a theory of personality

and intended for practice and research (ACT Research Report No. 29)., Iowa
City, Iowa: American College Testing Program, 1969,




INDEX TO ABSTRACTED REPORTS

A. Research

-I.V

10.

Hanson, G, R, Assessing the career interests of
college youth: Summary of research and applications
(ACT Research Report No. 67). 1lowa City, lowa:
American College Testing Program, 1974,

Prediger, D. J.; Roth, J. D., & Noeth, R, J. Career
development of youth: A nationwide study. Personnel
and Guidance Journal, 1974, 53, 97-104,

Noeth, R, J., Roth, J. D., & Prediger, N, J. Student
career development: Where do we stand? Vocational
Guidance Ouarterly, 1975, 23, 211-218,

Grandy, T. G, Cross-validation of the American College

Topic

C,D

Testing Interest Inventory for University of Iowa Students

(Noctoral dissertation, University of Iowa, 1975),
Nissertation Abstracts International, 1976, 36, 2098A,
(University Microfilms No. 75-23,039)

lLamb, R, R, Validity of the ACT Interest Inventory for
minority group members (ACT Research Report No. 72).
Iowa City, Iowa: The American College Testing Program,
1976.

Rayman, J. Sex and the single interest inventory: The
empirical validation of sex-balanced interest inventory
items. Journal of Counseling Psychology, 1976, 23,
239-246.

Prediger, D, J., & Hanson, G. R. Holland's theory of
careers applied to women and men: Analysis of implicit
assumptions. Journal of Vocational Behavior, 1976,

8, 167-184,

Prediger, D, J. A world of work map for career explora-.

tion. Vocational Guidance Quarterly, 1976, 24,
198-208.

Prediger, D. J. The viability of Holland's consistency
construct and raw score assessments of personality.
Measurement and Evaluation in Guidance, 1976, 9,
124-131.

Hanson, A, R., & Rayman, J. Validity of sex-balanced
interest inventory scales. Journal of Vocational
Behavior, 1976, 9, 279-291.

B,D

B,N

c,n

B,N

B,D

Page

10

10

10

11

11

12

12

13

14



11.

12,

13.

14.

15,

16.

17.

18‘

19,

20.

21.

~Topic

Prediger, D. J., McLure, G, T., & Noeth, R, J.

Promoting the exploration of personally relevant career
options in science and technology (NSF Grant

No. SM175-18149 A0T).  Towa City, Iowa: American

College Testing Program, October, 1976. E

Noeth, R. J. Converting student data to counseling
information., Measurement and Evaluation in Guidance,
1976, 9, 60-69. 9]

Hanson, G. R., Prediger, D. J., & Schussel, R, H.

Development and validation of sex-halanced interest

inventory scales (ACT Research Report No. 78), Towa City,
Towa: American College Testing Program, 1977, R,D

Prediger, N, J., & Hanson, G. R. Some consequences of
using raw score reports of vocational interests. .Journal
of Educational Measurement, 1977, 14, 323-333, R,D

Hanson, G. R., Noeth, R, J., & Prediger, N, J. The

validity of diverse procedures for reporting interest
inventory scores: An analysis of longitudinal data.

Journal of Counseling Psychology, 1977, 24, 487-493, B,N

McLure, G. T., & Piel, E. College-hound girls and science
careers: Perceptions of barriers and facilitating factors.
Journal of Vocational Rehavior, 1978, 12, 172-183, F

Noeth, R, J., & Prediger, D. J. Career development over
the high school years. Vocational Guidance Quarterly,
1978, 26, 244-254, F

Prediger, D. J., & Hanson, G. R. Must interest inventories
provide males and females with divergent vocational

guidance? Measurement and Evaluation in Guidance, 1978,

11, 88-98. B,D

Prediger, N. J., & Noeth R. J. Fffectiveness of a
brief counseling intervention in stimulating vocational
exploration. Journal of Vocational Behavior, 1979,

14, 352-368. E
Lamb, R, R., & Prediger, D, J. Criterion-related

validity of sex-restrictive and unisex interest scales:

A comparison. Journal of Vocational Behavior, 1979,

15, 231-246, B,D

Prediger, N. J., & Johnson, R, W, Alternatives to sex-
restrictive vocational interest assessment (ACT Research
Report No. 79). Towa City, Iowa: American College

Testing Program, 1979, A,B,D

Page

14

15

15

16

16

17

17

18

18

19

19



22.

23.

24,

25,

76,

?7.

30.

31.

32.

Prediger, N. J., & Lamh, R, R, The validity of sex-

balanced and sex-restrictive vocational interest reports:

A comparison. Vocational Guidance Quarterly, 1979,
28, 16-24,

Prediger, D. J. Basic vocational interest scales: The
problem of sex restrictiveness and alternatives. In
B. Gutek (Ed.), New directions for education, work, and

careers: Enhancing women's career development. San
Francisco, Calif.: Jossey-Bass, 1979,

Prediger, D. J. The determination of Holland types
characterizing occupational groups. Journal of Voca-
tional Behavior, 1980, 16, 33-42,

Lamb, R. R., & Prediger, D, J. Construct validity of
raw score and standard score reports of vocational
interests. Journal of Educational Measurement, 1980,
17, 107-115.

Prediger, N, J., & Lamb, R, R, Validity of the Unisex
Edition of the ACT Interest Inventory. (ACT Research
Rutletin No, 80-2), Towa City, Towa: American College
Testing Program, 1980,

Jepsen, N, A,, & Prediger, N. J. DNimensions of
adolescent career development: A multi-instrument
analysis, Journal of Vocational Behavior, 1981, 19,
350-358. T

Prediger, D, J., & Lamb, R, R, Four-year validity of
Holland types for college-bound males and females.
Journal of College Student Personnel, 1981, 22,

133-140,

Lamb, R, R., & Prediger, D. J. Technical Report for

Topic

B,D

A,B,D

R,D

B,N

B,N

)

the Unisex Edition of the ACT Interest Inventory (UNIACT).

Towa City, Iowa: American College Testing Program, 1981. A,R,C,D

Prediger, ND. J. Mapping occupations and interests: A
graphic aid for vocational guidance and research,
Vocational Guidance Quarterly, 1981, 30, 21-36,

Prediger, D. J. Getting "ideas" out of the NOT and
into vocational guidance. Vocational Guidance
Quarterly, 1981, 29, 293-306.

Prediger, N, J. A note on Self-Directed Search
validity for females., Vocational Guidance Quarterly,

1981, 30, 117-129,

C,N

O

R,N

Page

20

20

20

21

22

22

23

23

23



33.

34,

35,

36.

37.

38.

39.

40,

41.

42.

Topic

Laing, J., Lamb, R. R,, & Prediger, D. J. An application
of Strong's validity criteria to hasic internal scales,
Journal of Vocational Behavior, 1982, 20, 203-214, B,N

Prediger, N. J. Dimensions underlying Holland's hexagon:
Missing link between interests and occupations?
Journal of Vocational Behavior, 1982, 21, 259-287. c,n

Laing, J., Swaney, K., & Prediger, D. J. Integrating
vocational interest inventory results and expressed

choices. Journal of Vocational Behavior, 1984, 25, D
304-315. T

Swaney, K., & Prediger, D. J. The relationship between
interest-occupation congruence and job satisfaction.
Journal of Vocational Behavior, 1985, 26, 13-24, )

Prediger, D, J., & Swaney, K. R. Role of counselee
experiences in the interpretation of vocational
interest scores, Journal of Counseling and

Development, 1986, 64, 440-444, n

Prediger, D. J., & Sawyer, R, L. Ten years of student
career development: A nationwide study. Journal of
Counseling and Development, 1986, 65, 45-49, F

Prediger, D. J. Career counseling validity of the ASVAR
Job Cluster Scales used in DISCOVER (ACT Research

Report No. 87-2). Iowa City, lowa: American College
Testing Program, 1987, )]

Prediger, ND. J. Validity of new ASVAR job cluster
scores for use in career planning, Career Development

Quarterly, 1987, 36, 113-125. n

Prediger, D. J. Basis for the assignment of abilities
to job clusters. In Supplement 1, Interim psychometric
handbook for the ACT Career Planning Program (pp. 1-29).

Towa City, ltowa: American College Testing Program, 1988. D

Prediger, ND. J. Ability differences across occupations:
More than g. Journal of Vocational Behavior, 1989, 34,
1-27. o D

Page

24

24

25

25

26

27

27

28



Topic

B. NDiscussions of Issues and Procedures

1.

N
.

10.

11.

Prediger, D. J. The role of assessment in career

guidance. 1In E. L., Herr (Ed.), Vocational guidance

and human development (pp. 325-349), Roston, Mass.:
Houghton Mifflin, 1974, G

Prediger, D, J., & Hanson, G, R, The distinction between

sex restrictiveness and sex bias in interest inventories.
Measurement and Evaluation in Guidance, 1974, 7,

96-104. - A,R

Cole, N. S., & Hanson, G. R. Impact of interest inven-
tories on career choice. In E. E, Diamond (Ed.), Issues
of sex bhias and sex fairness in career interest measure-
ment (National Institute of Education Report). Washing-
ton, N.C.: WU.S. Government Printing Office, 1974, R,DN

Prediger, D. J. The role of assessment in career guidance:
A reappraisal. Impact, 1975, 3(3-4), 15-21. G

Prediger, D. J., & Cole, N. S. Sex-role socialization

and employment realities: Implications for vocational
interest measures. Journal of Vocational Behavior,

1975, 7, 239-251. B,N

Prediger, ND. J, Contradictory results predicted.
Guidepost, September 9, 1976, page 2. R

Prediger, D. J. Alternatives for validating interest
inventories against group membership criteria. Applied
Psychological Measurement, 1977, 1, 275-280. R

On the popularity of sex-restrictive interest inven-

tories (0Or, how to stop worrying and Tove the boom) (ACT
Informal Research Report). Towa City, Iowa: American
College Testing Program, January 1979, A,B

Prediger, D. J. The marriage hetween tests and career
counseling: An intimate report. Vocational Guidance
Quarterly, 1980, 28, 297—305. G

Prediger, ND. J. On the virtues of raw-scored interest
inventories: Reaction to 0'Neil et al (1979). Journal
of Counseling Psychology, 1980, 27, 302-303. B,E

Prediger, ND. J. Toward sex-fair assessment of voca-
tional interests. VocEd, Journal of the American
Vocational Association, 1980, 55(4), 21-23, 42. A,B

Page

29

29

30

30

31

31

32

32

32

33

33



13.

14,

15.

Topic
Brennan, R, L., & Prediger, D. J. Coefficient kappa:
Some uses, misuses, and alternatives. Fducational
and Psychological Measurement, 1981, 41, 687-699, ‘ N

Prediger, N. J. Errors in N'Neil et al.'s (1980)
Career Factor Checklist validity analyses. Journal of
Counseling Psychology, 1984, 31, 274-277, F

Prediger, D. J. Why we need professional preparation
guidelines in measurement and evaluation. Measurement
and FEvaluation in Counseling and Nevelopment, 1984, lzj

175-178. G

Prediger, D, J., & Garfield, N. J. Testing responsibil-
ities and competencies: A checklist for career counselors.
In J. T. Kapes & M. M. Mastie (Eds.), A counselor's guide
to career guidance instruments (2nd ed.). Alexandria, VA:

National Career Development Association, 1988, G

Page

33

34

34

34



10

ABSTRACTS AND COPIES OF REPORTS

For abstracts or copies of any ACT Vocational Research Program reports,
please contact the Student Services Department, ACT Research NDivision, P.0.

Rox 168, Towa City, IA 52?43, Single copies of reports are available at no
charge.



11

APPENDIX C

Career Planning Program Score Report



12

HOOGIPING 42218 dD INOA jo
[ a4 m.mmmn 392G uenodili ISOW e ASW Ydiym Ul $I3ISN|D
SU} Ui AJUC PalS] 2R S|IDS SIS IIASMOY JAISNID YdRS Ul
uepodwi 2Je §||0fs |eduswinu pue "sbenbue; ‘Buipeay ‘pajou
ISIMIIYIO SSBIUN 'SISA] 4D UO PAseq aie S|9A3| NGV .,

HO0G2PIND 4321'D) 44Dy INOA J0 H¢-2z sabed sag “sizsnyd
JOIO a3yt ui $3duauUdX3 1O S1S3J31Ui JNOA 0} azedusod Jasnd>
SIT Ul $3DL3UBMX JO SIS3IAE INOA Moy smous Bubjuey,

wn1pay PsiRs-f2G) Ajuapieq fenuey
ybtH SIIDIS jeduawiny
Mo suogepRy adedg
wntpay Buosesy [ea1uRYISw
«+SORIIQY JURASRY SWOG U 12497 NOA
umwzmmx Uy souspadxg moi
a1PPIU SURY FISUNU] IN0A

sJojesado aurydoew
‘ssaybuasy siaued uondnpoud :siasedas 1o
-UIYDRLL [eSNPUL 'SIopjam siajuud (sistuiydey
YIVd3A ANV

NOLULVH3dO LNIWdINO3 TVRILSDANI 1 —

238 "siRidod0t0Ud 'sWAsAs Buneay ‘ssuoydals)
's13imadA; 'sadueidde ‘sias AL Jo siasteday
HIVdIY INIWAINOA SSINISNB/IWOH M —
ssafemal 'suofie; :ssauny uebio jouerd
siasiedas 30US 'SIaveq SISPNIILAW SHOOD
SIDINYIS TALVTIY ANV S1dVHD -

sidpom A9sinu jueid :suoabins 391 1sIaUIP
-1eb 3dedspur] ‘siaydURI 'SI31SaU0) lsIBule]
SIDUNOSITY TVUNLYN ANV FUNLNORDY

suetpoisnd siopadsur Buipjing siojesado

13z0pliNg s1duled suedUd3PE sidluadie)
FONVNALNIVIW OGNV NOILODYLSNOD ‘H ——

s33210 diys :s1o1td auejdie :siojeiado

YIPHOJ 1SDIURYDIUL 'SIBALP QB2 pue Yona ‘sng
AIVd N ANV NOLLVEI4O IDIH3A D —

SHEOM T1dWVS INV SATrWv4 900

WWVADOUd DNINNV1d 33334VD
i) 4
ay loj
JYOdF € TIATT

o [CEZFESERITIES
ubtH aBespy abenbuer]
ubtH SIIMG [eoUBLINY

wnipay siipiS Buipesy

+»SINAY JURAIRY HWOG UO 9437 JNOL
juey sedusuadxg oy
Suey §I1SIR] Mo

3s8m0T
358M0"

{paiesj95) Aleial] feAnean)

wnipay
Mo (Pa1e1-§j2G) DASIMY /3ATRID
mo7 suonesy adeds
ubtH abesp) sbenbue
) +oSORIQY JURADRY JWOG UO [9A37] INOA
S1PPTIW JMuy sIdusuadyg ino,
358m07 JueYy SIS INOA

sstbojoydAsd :s1snUBIDS [oRKOd ISISILoU0d3
:s1s1bojodolpue si1sAjeue ydsessas Sunassew
S30N3I0S TVID0S

SISNURIDS {105 "SISIDISAYd 1sueidn
ewayew sisiwayd sistbojoig sisruouoiby
SOLLVWIHLVW ANV SIONIDS TVANLYN 'O —

sueueuUaIRA iSISDRWIRYd SISRUIP :SIs1BOjOU
Y231 Aes-x SUBDIUYDD} S3gawsaid isuedndo
SURIDILYDE DHT Pue DIT ssiudibAY [musg
SIIDOTONHOAL/SILLTVIDAAS TVOIQ3IW "N

'ﬂm_mo_or_cuw. POO) 'SISYRIP [SURIDIU

-y231 pue ssawwesBoid sanawos [suedILYdE]

qe} suediuyddy Buissuibus pue sissubug
SIDOTONHIAL ¥IHLO/DNIHIINIDNT ‘W |UI.

SHOr TT1dWVS NV SIINWVd g0r

SIDIUM [BDIUYDSY ‘SURLRIGH SI9A

-] 1SI3HNIOM SuoneRI dgnd 'siauodal s13331d

-J91U! 1$3ARNDIXe Junodde Buisniaape suesis

-se [e5a} 1sAND0! ¥SIp s1iumAdod Buisiiaapy
(NIIODS NV NILLM) S1H¥V Q3rddv -

$131{0e3} Do "SI “Ue SIdYM

151950dWOD 51a5UIs SURIDISNWI 1SI3DUBP 1S3

-SSR ‘SIOIDR I('D]3 ‘SURIPBLLIOD ) SISUIRIUT
S1¥V DNIWIOHYId/IALLYIED

spRIyse

adedspue| :s3yde s1aubisap Jouaur isiayd

-eibojoyd ssaubisap uowysej 1sme (RDIRW

w03 sisheidsip asipurydiaus sisubisap jeioj4
(TYNSIA) S1¥V Qariddy ©

s,

S3DNY3S DNINNVId 33340

wn1pay (Poterj19G) s1lpQ buidipy

“moT} (patesyes) Mdosg Bupssw

YbTH abesq; abenbuen
wnipay sypis Butpesy

: ++SODAIGY JURAIRY UOS U0 [9A7] JNOX
3samon HuEy $P2UBPRdXT oy
3TPPIY LHURY SISWIULINOA

SHOr T1dWVS ANV SAriwvd a0r

(P3RS waursbeury /diysispes

WBTH (Paelpg) ucheEziuRbI0 4B TH
wn1pay Aoeinooy/paads 1eduad moy (ParRL)Rg) 3RS
_ﬁ H abesy) abenbue WB1H abes) abenbue|
:mw.x SHDS eURUNN :mw: SHMS feduALNY
+SOBIIQY WRAIPY JUI0G U0 PN NOL +oSORHIQY JURASIY RUOG UO [PAF] N0
3saybIH Uy $3ULAXT Jnog 3TPPIU Hluey $3oUIRdXT 1nop
3s9yb 1Y SlUBY $ISAR] N0) 3S3UBTH SluEY SISAR] N0

SHIBD feINSNISs ‘sJoesado wswdinbs Buissad
-oid-piom :s3s1dA} :suojesado aunyoews ad10
/sioesado 2 uuud ‘sjosuod sanduwio)
NOLLVY3dO

¥IINAWOD/INIHOVW SSINISNE

SIDORYOD dyjen Jie ‘s1aydiedsip
QeD pue ¥onJ) sIawWed jew sy buddiyg
DNIHOLVASIQ ONY IDVHOLS "3 —

sisAjeue [eIduRUY SIFUMIBPUN
adueinsur sjuabe 1D 1SIBj91 NURG SIS
JnoxdaYd Aiedaib spueunodde isiadaapjoog

SNOLLOVSNVYL TVIONVNId 'C W|

ssauodas uned 'ssumaIdIs [eba) pue Jed
-Ipaws "9dYyJo ‘sueueiqy ade] Ja3Ndwiod ‘sisiuon
-dadas e feisod pue ‘oY Keiqy ‘3P0
SNOLLVIINDWWOD GNV SQHOJ3d D ~——
SE0r T1dWVS ANV S3Artwvd g0

SNOLLVY3dO SS3NISDY 2

siauueld ueqin 110}

-RNSIUILIPE SPIOd3l jedipaw :siabeuew ssped

Juoneasds) ‘sassautsng abse] ul sisbeuew

:suabe Duiseydind isiosiredns 3dyyo isiabe

-uew sssutsnqube pue quRINE}Sa! ‘[BI0W ‘OIS
DNINNVId NV INJWADVNVW ‘g —

{sio%i0m sajes satddns-jedipaii pue

2010 ‘s1dNpoid uuRy 'siaxosq %201s susbe

3DURINSUL pUR 23RISD |BII) SIPWOISND USIA

oym siaiom sajes syuabe jaaen sssdng (e

MW} SIBAUP INCI SIU0S Ul SIINIOM SRS
STTYS GNV DNLLDRVW vV —

splew pue sJa)
NG sivqeq ((suedpneaq) sisibojoaulsoD 519
Jlem pue sassasiiem {S9sSaPIEeMals .wp_wsawam'
syuepuane Wby sdoyfieq siebbeq Assdoin
SIDINHIS YIWOLSND/TVNOSHId "M —

SIIHIOM [RID0S ‘SUBLIEHURS '5J0|95UNOS UOR
-IIGRYSS (SISILLIOUODD LY ISISIOM Digjiam
PHYD 's101adsut ‘D38 /pooy/Aiajes [ (iesy 1$1ady
-Jo ad1j0d 'siapea) uogealdas ‘spienb Quadaeg
SIDIAYIS INIWNYIAOD GNY TVIDOS

$19UDR3] UORRINP3 {eIdads. SJ2Uded) |oOYds
Alepuodas pue AIQJUSLSP SIORSUNOD D18
/49902 /aouepinb siaydear abapiod ssydeod
JnRyIe 1s13ydea; [ooydsaid sapie Jaydesy
SIDIANIS GALVTI™ ANV NOLLYONGA

swsibojotned yosads sueisAyd s1s1d

RIS} feuonednddO SURIDNSP SISINU P}

51633 ‘syuesisse Adesaly feoisAyd sassnu jed>

peid pasuady 'suesIsse [guap 'saple Butsiny
VO HITV3IH TVYANID L~

SEOr TTdWVS ANV S3arMwvd gor

FIAYIS TVIDOS "9

3uns 30N--4NOA B3udMm 3UNS MOH
W ATtwey gop] Jddutbul
£q ATTwed qop] 3uejunoddy

SHOM TTdWVS ANV SArwvd a0r
JOVINOD SSINISNE °1

JHOd3d DNINNV1d ¥434VO 4DOA

pau0day noj sedloy) qop el

DLOT-555/50E 3NOHd
E200F 0D 3A0¥9 N3QVI
3ATYQ QY¥VHONO Eck
NOSTINVd *d 0¥VO

.




13

£80/0£¢2

‘pansasas siybu [y weiboid bunss] abajio) ueduaury 3y Aq /861 ¢

(‘uonoas siy ulejdxe X00gapInND 432180 4470 INOA Jo HZ-Zg sabed)

SYOSIAQY ANV SHOTASNDOD 304 NOLLVIWIOLNI

; Suomay AU
O2-hT ESL T >3am ¢ ] S9A ON ON S35 | S3, ‘HilM 30 A0 ED o mom uw.“M& (110day Jo yoeg 99g)
abuey 20 S ssuy ot anp3 A d13H ¥Oo4 90 S0 w0 “mc 109y H3ex3 AYYWWDS dVIW
sisoduioy ) Hom Bui | qpaesig| sueid | sumis | osums | sims | osios | gawsw SO hQ EQ ‘suobayisaay WHOMHO-THOM
1OV 153 jweibolg |edo 1 sueld Sueuid | eosAydl sssied | wew | Bunum | Apmig | Butpeay 80 ¢D0  hD suoiBay 3oy qor
Aeq <o Y, SJOTUNL *S°H P93IS93-dd) 40j SWJOU 21e3Sx )
v T TeUCHOSOR ) sassep 4 rumsn__ua HEMES ) ¢ E = 15 V/PSea3 12aua) q _[SEJET *v£ ‘3-2 *8-T L] 207
g T ssautsng Butuan] WIpMg wawiioN] N L XX~ E suonejoy adedg £ - 3samo] Co pomeXXE— . h TR0
0 ‘Bue ubisio4 10 AeQg wmnng pauueld . XX . . 5 Buiwoseay fedmeydap S -~ DIPPIU _ . “ “ C—aXX T suy
g £ ustbuz Coieqxxa- [0t o4g M- Sn-sy 9 semon| Do k-] 2 2ueRg
0 Anduiousbu | 00 M0 HL¥ON D iXKR- N ) (1) 36esp) abenbuey i e3saubH| ¢ o | -hxxe-| 00 S feHyIL
o Answoan HO3L 40 3LNITLSNI NIODNIT | | —ixxe-{ & © o] e (SN) SHIPIS feouawny 9 + 3SBUBTH | -xXi-~-| | Lo g | suonesdo ssausng
v T egabiy , S - Ve XX h (Sy) syoig Bupeay h 21PPTY VoeaXXE- HE ¢ RO ssauisng
o sarshlid 00 NOLINLL 6 06 oL 09 Or oz Of & 26 06 oL 06 Ov 62 O & |6
-1 x 6-1)
D Ansiwisy) 0> ALWD IOHVGVAY o sley'spdanidgy 1! A%c:w ssueg muﬂwmwu%xm ' suey'spuadiag 1 auw S1STUALNI
bl T ABojorg 1$3DI0Y) [euOnMNSU| pueny ey ssueny | wig s3LLmay jeuontppy 10 HuRy Jauenty JeH Ruenp | &g
TSPENST SiEs) Pauueg 10 1539 Butsau 13ddn) 3APpIW _ semoT | jaen saddp _ 3IPPW h._wBOJ 138N
WET IO ON|  ue] sIsinod LuBjsueul 863T10D 4D33/D0A} Rl 2000 JOSIAGY 75/0T Q38008 ALV 4 XIS [pT/pas/T  CHLYHE JO ALvVa
aaJbap abay1od ueak-p 0 “3A0¥9 N3Q¥V9 Jown( -g-y TTIAF1°Q3 TebO-TT-ELE  ¥ON D38 D0S
Q¥OJ3Y TOOHIS HOH ‘feon feuoneanpy buey buoy *S*H 3A0¥9 N3Q¥V9 ‘NOLLDILISNI LELT T¥AQVED ‘S'H NOSTNVG *d W0¥VD

*SUB3S IXBU 3YJ JO) NOOGIPING JBBJIE) gdy JNOA jo -5 sabed aag

(]

+sqol d8ayj 3Sed] 3 IsT1]

+mOTaq SBUIT 8yl 03u0 sqol asoyl uo UOTIPWJIO UL Y3 AJDD tudyy -noA uoj
4614 39 JYOTW eyl Sqol Aue BTDJID pue P3TDJT> NOA SBTTTWEJ QOP 3yl Puly
_*3COGBPTAT JOBJEY gd) JnoA jo T2~hT Sabed uo sjueyy Ajtwey qop 3yl 03 uang

°I

paxJew SSTTTIWe) 3y3 03 uUoTIud33e [eTIdads Aed *Jue3Jodwl ST mxwmu..no..m
Aep-o3-Aep Byl BUTNIT j1 *2]owexa wojg -qol £ wouy 3SOW Juem NOA Jeym
Jnoge Uyl butsooys ur -Arwej 0, € 3q Pnoys auo 3Iseay Iy -sqol jo0
ISTT e 23S 03 IT PINOM NOA YSTYM U0y sBYY JO Foay3 3SE3] 3I€ A1duT)

W Ve M0 03 W T otDa PINJBW S2TTINEJ GOP [PJBA3S BABY Aew nok mou Ag

ue JUTJd

“podaz jo yoeq uo A 3B, WIOQ! 10U PAFU NOA J %8G Y1 UO SIUY sy
oAy uondudesg sauqissod
uopesedaug qor qopr

2S1] © 23S 03 33I] PINOM NOA YITYM JO; SIT[TWe4 QO AQ [SISBUIIUT JOj)
-2 Pue T SU9ISNI) UT SAITIWEJ QOp 3yl ubnosyl %007
{*S8TITATIIR PIJL[BJ-HJOM JOj PIXHJEW NOA SINTISTP pue SBNT] 3yl dzlJewmns
SJUBISNT) J0j 3ISBYSTY PANUPJ SBUODS ISBUBJUT JNOA

ul, U8 Jutud uay)

SaJods 3s3Y|] -2 pue ¢

<[]

(@101, 03] ), B pajutud sey Js3nNowod 3yl Jey3 330N
¢ Atmwey  :sqol @sayy Bututejuod SATTIWEJ QO 3y3 3€ 00T

-ydoes ur SAT{TWeJ4 qor 3y3l pue
SJBISNID Yl JAAO MO0 -JIISNT) GQOf B SUTIPIUCD BAOQE SAXOQ XIS 8yl 30 yoel

.JD

-31 YSIVI) NoA se dals yoea ;3o M3y

 1¥0dFIAYNOAISD OLMOH |

+J3Y3unj 3uTwexe 03 Juem JYBTW NoA
SJ2ISNTD 3S8Y3 UT SBI[IWey qop AQ (SBTITTIGE Joj) v, WP JUTyd
T SJ33SNT) Ul 3SaYDTY aq 03 sJeadde STIITTIQE JNOA JO [BABT [TBJBAD 3Y|

cJBYIuny BUTWEXd 03

Juem ubTw NOA SJUR3SNID 2S3Y1 UT SATTIWEY QOP AQ [SBDUBTUBUX3 U403} ,3,
*f pue 2 SJBISNT) JOj ISAYOTY PaNUEJ SBJODS BDUBTUBAXS JNOA

i Atmwey pue
-Butudautbul
pue HuTUNODDY j0 Sadtoyd gof TeTJ] PalJodad nok tgdd) 3yl 003 NoA udum

-2 pue

+sqof jo

~yDPd AG
.mD
..HD

‘ WA MO A —



14

‘(« Aq umoys) Butuien diys
-9onuaidde a1nbai osje Aew qof auy) suesws | 2']  B)dwexy

'tooyds ybiy puohaq
Bujuies; jo sieak omy 0] dn asey awos Ing ‘UolEONPS [OOYDS
ybiy e saey AjjedidAy sissgom el sueaws W21, redwexg

51224 310W 10 { + jooydg ubiy = ¢
sieak g 1o | + jooydg Ub = ¢
[0oyag ybiH = |

'sisyiom jo (Buiuten pue uonesnps)
uonetedaid jewuo; Jo junowe [eddk; ay) smoys [oad uoesedalg

(& ) joquihs
Bumoijo} ay; sey Jaquuinu abed ayj ‘sue sqof pajejal Ing paIsAod Jou
st qof e usym joogpueLy YoopNQ feuonednidG 34y Ui punoj aq
ued uondudsap e a1sym saquunu abed sy sapinoid uonduasag qop

AN,

L[ona] Luondudsaq saniiqissod
uopeiedaid qor qop

'L @bed 335 ‘sjdwexs 1o sqol asay; Bu
-lojdxa 1oj seapi sey ¥00qapInD Jaa1e) 44D Inoa "sanyiqissod: ol a2y
1se9] Je 181 03 A1} MOjaq SDUK S} Uo sqof asoyj Inoge uoneuwuojut ayy Adod
‘Usy] Inoqe aJoul ulea 03 Juem noA yeys sqol Aue Jo sawieu sy spId pue
‘dew 3 uo P3P NOA SI[IWRY GO AR PUY O WISYY ISP ¥00gapIND

422U8D ddD nok Jo 1241 sebed uo suey) Apweq qop sy o) wing vD

-1no sbuiyy Hos noA digy ued Jojasunod
e sdeylsq (Jaje] sisypo alojdxe ued noj) siuiod Bumiels se mou
3oid noA s3ijiuded O 3L JO MUIY] "UONUSNR SWIOS SIAISSIP Yoe]
"JosinoA je Bupjooy jo sAem Jualayip apinoid A3y | jaules ayj 9q 1SN
as104> gol |eul pue ‘sanijiqe ‘sISaJajUl JNOA SABS JeU} MB| OU S| aJay |

dew 33 13m0 [y, 31y oYM 31doay Jo4

1., pasjlewl saljiuuej ay; 0} uonuane
leads Aed uenpodwi si syse; qol Aep-orAep auyy Bupjip ji ‘sjduiexs
Jo4 "qof e woly 1sow Juem nok jeym noqge yuiy ‘Buisooys yj saijiwe
qof 221y 1O Oom] ISe3] Je IPId 0} Al (UCl Y uo | SISN|D qor,
3 39s ‘Ajue 4 qor yoes ui sqof jo sajdwexs 104) a1 b nok yuwy
noA Jey) Ajilie 4 GO YdBa JO awieu sy} punole dew syj Uo S2IId & mei(

W 10 “F D) paxew nof ydiym suoiBai sy ul safjiude 4 qor 3y) JSAC ¥0ooT

(1saybuy 10) pan Ajteau
10 pap a1e S310Is |2IIAdS JI ‘sjdwiexs Jo) ‘uaddey Aew siy | ) ‘pavodal
sl .66, uoibal e ‘uisped Jes)d Aue mOUs 10U Op $310DS ddD) InoK j|

66 uoibay 1noqy

‘suotbais ajeudoidde wE
ul (sanijiqe 10}) | v, Ue pue ‘(s3duauadxs 1oj) 3, ue ‘(sisaisul o)) i,
juud ‘Apeqiug sadioyd qof el inoA Joj pass| suotbas sy ui Awu_ocu l_ot
... eauud ‘mojaq dews au uQ "Hodai SIY) JO JUO S} UO Y] WONOqg 3yl 1
paisy ae suoibal 1noj “deyy HI0Mm-Jo-PHOM Y3 UO suoiBal 1ok yiews ‘xeN

. ’SMSe] MIOM . PAIR molRq uonoas ay; Buipeas

.ND

Aq wibag yiom jo pom ayi Buipueisispun o} A3y e apoid sysel yom 1

2 ysiuy noA se dais yoea (1 ) 3¥d9YD W

SALLIMTIFISSOd 90r dNId OL AVM 3dHLONV




15

qgor e Ag smouy ‘Ajjwied gof a3yl JOj UMOYs

( “ ) SV3ql jutod auy Jeau pajedo} ale ‘JaAamoYy ‘sqof Isow

Puev1vgio( ~= )SDNIHL Pue 31d03d Woq "suonedo| Jiay) ut Aea Ajiuey e ui sqof ayy ulod
SAJOAUL AJIARBY USYO SHSE] Miom 1B} moys Alwie aibuis e se umoys si Ajluie4 qop ysea ysSnouyy

dew YIoM-Jo-pHOM 3Y3 INOqy

svaai
A m buoop,

$39UIG
101208 4
—o~

solewalew
o § SIS
eineN 0

e suy
buiwiopasd e
JELSL 2T

(fensSIp)

sa:0010uLIa)
. paeRy R
buiaauituy W

(wanodg
k3 :m::%v
Sy paddy S
L]

JBa3Y 3 . "
uone;ady . , A
£ JuBwoInD3 neday 5316010013 ® UIEaH
Y] euisnpdl UEIIBEE $31118i2305 @ P +leauag |
=8 SSaUISNG 1AWOH ¥ 1BID3N N g ﬂw
£Z PP s Z (esuobay > Q
xX S . L., $22Un0say T o
s paledy o .--" o lRIMENF - 5 5321013
2 gsuesy 8 casnynauby ) paleldy g,
. uoHRINDI Nw
30UBUIIUIRY 53218435 .
1U3WUIBAYG N

2 UONINASUOT] H

Jieday 9
uoMBJRA(Q 31NUSA O
.

o PIEI0S Ae
S321013G
JBwoisny)
/IBUOSIBG M

uoneRdQ 1IINdwoY
JBUNYIRW SsSduisng 4§
.

buiedsig
5 abesols 3

.
SuQiideSuRLS
1eIuBUi4

saleg
o Sunanew v

buiuueig §
wawabeuew g
~o-

-0 -
SUCHBIIUNWHLOY
FSPI03Y I

Yiim Buniiop

(uomp3 PUZ) dVIW MUOM-4O-TTHOM

IdO3d
ym Bunpom

‘suotbai spom-jo-prom
1noA ui sqof puy noA day [ 193Ys siyy jo dor a3y
je sdais 3y "sse) }om SDNIHL Pue SvadI thoq
SaAjoAUl Ji 3sNed3q SDNIHL PUe Sy3(Q| siedipul
pinom g uoiBay 'Viva i Buppom axy pinom
noA uesw ybiw sup ‘¢ pue ¢ suoibay w (e}
$3102S J$2a131uUl INOA 1 ‘sidwiexs 104 sapljige pue
‘saduauadxe ‘sisalajul Jnok yim auy ui suoibal
Jom-Jo-pHiom puly noA djay ued s)nsal 44D INOA

"uo os pue ‘(D Apwie 4 qor ‘a|d
‘wexs Joj) doj ay; je pajedo| ale y]v(Q Buioaul
Auiew sqop ("SedIAISG pajejay pue uogesnpsl
—n Apweg qor 8ss ‘sjdwexs Jod) ‘dew ay;
JO Y9I 33 uo suoiBai Ui paedo] ale J1d03d but
-Aloaul Ajurew sqop ‘uoibay deyy, A $yse) Hiom
sy sebueuse ybu ayy e dey >om-Jo-pHoM YL
"$3S®) HJOM INOJ IS JO OM] JO BUO AJUO SAJOAUL A]
-urew sqol 1sow 3ng "SI Pue 'SDNIHL 'V.1vad
"T1dOTd Y pom dwios axnbal [ gol Auy

*SVAQ! Wi Ajurews siom sisn
-ie pue ‘sispuUalds ‘s1aum Buog “disnw
10 ‘suonenba ‘spiom yym ‘sjdwiexd
Joj—Bunpswios Bukes jo shem moN  :QvIA!

*SDNIHL Wi Auiews >pom
$OIUBYD3W PUR ‘SHO0D ‘SURIDILYDI |
‘[e}3W 10 ‘pOoM ‘POOjJ SB YINS S[eualew
pue ‘sBuiy; Buial] ‘sjooy ‘saulydew SDNIHL

YiIvd yiwm
Aurews spiom siswwesboid ssindwiod
pue ‘siadaaxpio0q ‘si9)ja) queq ‘saInp
-2001d ssaulsnq ‘sajy ‘siaquinu ‘sped  Y1vd

‘31d0O3d him
Ajuietl MJOM SI3UDES) pue ‘sjuepusl
ae jeudsoy ‘siayiom sateg ‘03 sbuiyy
[9s 40 10§ ased *2aA1as ‘djay noA 31dosdd :F1d03d

‘Y Bupjiom aAjoaul
Aoy yonwi moy ui Jagip (,sqol ) suopedndd(

5 .. SHSYL YHOM




16

APPENDIX N

DESCRIPTION OF STATISTICAL ANALYSIS PROCENURES

Multivariate Analysis of Variance (MANOVA)

MANOVA, a multivariate generalization of analysis of variance, can be used
to determine the extent to which two or more groups, considered simultaneous-
ly, differ on a set of two or more measures, considered simultaneously. When
there are only two groups (e.g., criterion groups), MANOVA procedures (and the
discriminant analysis procedures described below) have a number of similari-
ties with point-biserial multiple regression analysis. When there are more
than two groups, however, MANOVA procedures and results are unique,

The Wilks's lambda statistic is typically used as an index of group
differentiation in MANOVA. This statistic reflects the ratio of within-group
variance to total-group variance, as determined from multivariate estimates of
variance. The value of lamhda can range from zero to one. When there are no
group differences on a set of measures (i.e., when among-group variance is
zero), lamhda will equal one. Lamhda approaches zero as group differences
increase.

Although lambda ranges from zero to ons, it does not directly provide an
index of explained variance analogous to R“ in regression analysis, In
MANOVA, one would prefer to have an index that provides the proportion of
total variance in a set of measures (among-group plus within-group variance,
across all measures) that is attributable to criterion group differences.
Huberty (1983) cites seven indices proposed for this task. Four of the seven
provide similar results when sample sizes are "large" (p. 710) relative to the
number of measures. One of these, the "Wilks index," is simply one minus
Wilks's lambda.

Since there does not appear to be a single, best index of explained
variance in MANOVA (Huberty, 1983, p. 712), the Wilks index is used here. The
index estimates the proportion of total variance in individual differences
across a set of measures that is attributable to inter-group differences.

More briefly, the Wilks index "is a variance-explained index" (Huberty &
Smith, 1982, p. 419). Because lamhda is commonly available in MANOVA, the
Wilks index can be easily obtained and compared across studies with comparable
criterion groups.

An F value based on Wilks's lambda is used for tests of statistical
significance in MANOVA, If Wilks's lamhda is significant at the chosen
significance level, it is common to examine univariate Fs to determine the
extent to which each measure in the analysis differentiates the groups. If
the measures have overlapping variance, a different approach is needed to
determine the unique contribution of each measure to group differentiation.
One possibility, suggested by Huberty (1984), is to note the change in lambda
when a measure is removed from the set. Thus, if there are six measures in a
set, the overall Tambda is compared with lamhdas ohtained for six sets of five
measures, a different measure being omitted from each set. DNegree of change
in Tambda can then be used to rank the measures with respect to their unique
contribution to group differentiation,
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Discriminant Analysis (DISANL)

If MANOVA indicates that criterion groups differ significantly on a set of
variables, the dimensionality of the differences can be examined through
NDISANL.  Although a number of statistical procedures are sometimes grouped
under the term, DISANL might best be thought of as a statistical technique for
finding uncorrelated combinations of measures (discriminant functions) which
best differentiate among a set of criterion groups. A discriminant function
is defined as a linear combination of measures which maximizes the ratio of
among-group variance to within-group variance, with variances represented by
multivariate estimates. After each discriminant function is obtained,
variance associated with it is removed and successive uncorrelated functions
are obtained until residual among-group variance is exhausted.

The eigenvalue associated with a discriminant function can be used to
estimate the proportion of overall group differentiation (among-group
variance) that is accounted for hy the function. Successive functions will
account for successively smaller proportions of variance,

Although there is no generally accepted test of statistical significance
for a specific discriminant function, it is possible to determine, through a
chi-square transformation, whether significant group differences remain after
the function is extracted. Thus, one may find that criterion group
differences remaining after the first (or second, etc.) function is extracted
can be reasonably attributable to chance. (The .0001 level of statistical
significance was required to reject the null hypothesis of no group
differences in the studies reported here.) Together, the chi-square test and
the "variance-explained" estimate for each function provide a basis for
deciding whether criterion group differences can be adequately represented by
a given number of dimensions,

Two types of data are typically used to determine the nature of the
dimensions (discriminant functions) on which groups differ. First,
correlations of the measures with the functions can be examined, much as in
factor analysis. Second, group means and standard deviations can be obtained
for the functions.

Hit Rate Analysis

Another indicator of group differentiation is the extent to which group
members can be assigned into their own groups through use of a set of
measures. If the measures fail to differentiate criterion groups, the
proportion of correct assignments (the "hit rate") will approximate chance.
On the other hand, if there is no overlap among the criterion groups, all
group members will be assigned to their own group and a hit rate of 100% will
be obtained. Thus, hit rate and discrimination power co-vary. (Sampling
anomalies result in less than a perfect correlation, however,)

Although frequently associated with NDISANL, hit rate analyses can be
conducted for any set of scores--e.g., original test scores, factor scores,
discriminant function scores. In the studies reported here, hit rates are
based on scores for all available discriminant functions. Hit rates
determined from all discriminant functions generally approximate those
obtained directly from the original variables.
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In order to determine hit rates, indices of group similarity are needed
for each member of a sample. Thus, if there are six criterion groups in a
study, six indices of group similarity are needed. Fach person in the study
can then he assigned to the group for which he or she has the highest index.
In the studies reported here, similarity indices were based on Bayes' rule, as
described by Norusis (1985). The pooled within-group covariance matrix was
used, and group sizes were considered to be equal.

Hit rates can generally be improved hy taking relative group size into
account, However, information on group size was not used in the analyses
reported here. Instead, criterion group assignments were hased solely on
similarity indices derived from the three sets of measures. This approach to
validation is compatible with the use of test scores in career counseling.
Few counselors, for example, would reason as follows: "Mary scores like
persons in Occupation A, But there are few persons in Occupation A. So I
will suggest something else." Most counselors would not hesitate to tell a
counselee that he or she has scores similar to persons in Occupation A, even
though its size might be quite small in comparison to other occupations. Job
opportunities could then he considered, separately, as part of counseling.

Although hit rates have concrete meaning, their evaluation (are the hit
rates "high" or "low"?) is not straightforward. Among the factors to be
considered are the following.

1. What is the chance hit rate and to what extent does the observed hit
rate improve upon chance? Brennan and Prediger (1981) discuss various indices
of agreement bheyond chance. They show that when there are no restrictions on
the number of persons assigned to a given criterion group in a classification
study, chance should be defined as 1/n, where n is the number of criterion
groups.

?. How many groups are in the analysis? This question is important
because the number of groups directly influences the chance hit rate (1/n).
Thus, if there are two groups, a hit rate of 51% would not be impressive.

3. What is the nature of the criterjon groups in the analysis? They may
differ, for example, from comprehensive categories covering all recognized
occupations (e.g., CPP Job Clusters) to highly diverse, specific vocational
programs (e.g., Legal Secretary, Dental Assisting, Carpentry, Horticulture).
Greater criterion group differentiation (hence, higher hit rates) can be
expected for specific vocational programs because comprehensive groups, by
their very nature, shade into each other, If only a few specific programs are
included in an analysis, however, the relevance of results to comprehensive
career counseling would be in doubt.

4, Are the hit rates statistically significant? This question is
addressed by providing confidence 1imits for hit rates and comparing the
1imits with the chance hit rate. Also, it is related to the question of group
differentiation. The latter question, as noted above, is addressed by an F
test based on the Wilks's lambda statistic.
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APPENDIX E

Rules for Using CPP Interest and Ability Scores
to Tdentify Job Clusters for Exploration

Interests (Message 3 on CPP score report)

1. Note the national stanines for interests printed in the lower left of
the CPP score report ("Your Career Planning Report"). Note, also,
that CPP interests and job clusters have identical titles,

2. Rank the interests on the basis of the stanines.

3., Use decision rules listed below to determine job clusters identified
in Step 3 of CPP score report.

Abilities (Message 5 on CPP score report)

1. Assign points as follows to the four abilities listed on the CPP score
report for each job cluster: 3 points for each "high," 2 points for
each "medium," and 1 point for each "low."

2. 0Obtain a Job Cluster Ability Scale score for each job cluster by
adding up the points for the four abilities assigned to the cluster,

3. Rank the Job Cluster Ability Scale scores.

4, \se decision rules listed helow to determine job clusters identified
in Step 5 of CPP score report.

NECISION RULES (Read across) Necision
# of scores # of scores # of clusters
# of scores 1 point less 2 points less cited on
RULFE ranked highest than highest than highest score report
S 1 0 0 12
T 1 0 1 2b
U 1 0 2 or more (tied) 18
v 1 1 any # 2P
W 1 2 or more (tied) any # 12
X 2 (tied) any # any # 2b
Y 3 (tied) any # any # 3¢
VA 4 (tied) any # any # od

AThe cluster with the highest score is cited.
PThe two highest clusters are cited.
CThe three tied clusters are cited.

dThe following is printed for Message 3: "Your interest results for
several Job Clusters tie for highest, when considered as a whole. Hence,
it is not possible to single out a few for special attention. As you do
the next step, you may wish to give priority to other information on your
CPP report." Message 5 is similar.
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APPENDIX F

Supplementary Tables

Tabhle

Fi.

F3.

Fa.

F5.

_ Fb.

Differentiation, by CPP Interest Scales, of Vocational Programs Grouped by
Job Cluster

NDifferentation, by CPP Ability Tests, of Vocational Programs Grouped by Job
Cluster

Nifferentation, by CPP Joh Cluster Ability Scales, of Vocational Programs
Grouped by Job Cluster

Interest Scale Mean Stanines for Students Meeting Satisfaction/Success
Screens

Ability Test Mean Stanines for Students Meeting Satisfaction/Success Screens

Job Cluster Ability Scale Mean Stanines for Students Meeting
Satisfaction/Success Screens
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Table F1

Differentiation, by CPP Interest Scales, of Vocational Programs Grouped

by Job Cluster

Statistics (See Appendix D for description) Weighted-sample results
MANOVA

Wilks's Tambda® .57

Wilks's variance-explained index 43%

Univariate EP (and rank for unique contribution)

Rusiness Contact Scale 18.0 (5)
Rusiness Operations Scale 23.3 (3)
Technical Scale 37.2 (1)
Science Scale 19.4 (6)
Arts Scale ' 15.5 (4)
Social Service Scale 29.0 (2)
DISANL
No. of functions warranted by significance tests® 4

Among-group variance for all 5 functions: 53%, 28%, 12%, 5%, 2%

Hit rate: F=23%, C=50%, R=54%, 1=30%, A=33%, S=50%; Total=40%.

Note. The analyses excluded 57 students who could not be assigned to a job
cluster, 335 students who did not meet the satisfaction/success screens, and 156
students who had missing scores for the Interest Scales, Ability Tests, or Job
Cluster Ability Scales. Job Cluster Ns were as follows: Business Contact (E) =
100, Rusiness Nperations (C) = 260, Technical (R) = 796, Science (1) = 151, Arts
(A) = 63, Social Service (S) 183, The total N was 1,553,

o

ap < .0001, based on analysis of unweighted data.

?E_< .0001 for each scale, based on analysis of unweighted data.

§E_< .0001, based on analysis of unweighted data. A chi-square test for
remaining functions was used.
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Tabhle F2

Differentiation, by CPP Ability Tests, of Vocational Programs Grouped

by Job Cluster

Statistics (See Appendix D for description) Weighted-sample results
MANOVA

Wilks's lamhda® .60

Wilks's variance-explained index 409%

Univariate EP (and rank for unique contribution)

Reading Skills 17.0 (4)
Language Usage 33.6 (2)
Clerical Skills 20.4 (3)
Space Relations 20.2 (6)
Numerical Skills 12.9 (5)
Mechanical Reasoning 93.5 (1)
DISANL
No. of functions warranted by significance tests® 2

Among-group variance for all 5 functions: 80%, 12%, 7%, 2%, 0%

Hit rate: E=31%, C=42%, R=55%, 1=46%, A=24%, S=16%; Total=36%.

Note. The analyses excluded 57 students who could not be assigned to a job
cTuster, 335 students who did not meet the satisfaction/success screens, and 156
students who had missing scores for the Interest Scales, Ability Tests, or Job
Cluster Ahility Scales. Job Cluster Ns were as follows: BRusiness Contact (E) =
100, Business Operations (C) 260, Technical (R) = 796, Science (I) = 151, Arts
(A) = 63, Social Service (S) 183, The total N was 1,553,

&y < .00n1, based on analysis of unweighted data.

PE.< .0N01 for each scale, based on analysis of unweighted data.

93_< 0001, based on analysis of unweighted data. A chi-square test for
remaining functions was used., A third function would be warranted if
p < .001 were used.
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Table F3

Differentiation, by CPP Job Cluster Ability Scales, of Vocational Programs

Grouped by Job Cluster

Statistics (See Appendix D for description) Weighted-sample results
MANOVA

Wilks's lambda® .57

Wilks's variance-explained index 439,

Univariate EP (and rank for unique contribution)

Business Contact Scale 16.8 (5)
Rusiness Operations Scale 23.6 (3)
Technical Scale 3.1 (1)
Science Scale 27.2 (4)
Arts Scale 13,2 (k)
Social Service Scale 32.1 (2)
DTSANL
No. of functions warranted by significance tests® 3

Among-group variance for all 5 functions: 74%, 12%, 10%, 3%, 0%

Hit rate: F=27%, C=32%, R=57%, 1=51%, A=35%, S=31%; Total=39%.

Note. The analyses excluded 57 students who could not be assigned to a job
cTuster, 335 students who did not meet the satisfaction/success screens, and 156
students who had missing scores for the Interest Scales, Ability Tests, or Job
Cluster Ability Scales. Job Cluster Ns were as follows: Rusiness Contact (E) =
100, Business Operations (C) = 260, Technical (R) = 796, Science (I) = 151, Arts
(A) = 63, Social Service (S) = 183. The total N was 1,553.

35 < ,0001, based on analysis of unweighted data.

?R_< .00N1 for each scale, based on analysis of unweighted data.
< .0001, based on analysis of unweighted data. A chi-square test for

“p
emaining functions was used.
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Table Fi

Interest Scale Mean Stanines for Students Meeting Satisfaction/Success Screens

JOB CLUSTER and Interest Scale?

Vocational Program Nb BC (E) BO (C) TEC (R) SCI (I) ART (A) SOC (S)
BUSINESS CONTACT (BC) 110 5.7 5.4 4.9 4.7 4.6 4.8
31. Marketing & Distrib. Ed. 106 5.7 5.4 4.8 4.7 1, 1.8
BUSINESS OPERATIONS (BO) 271 5.7 6.2 4,2 4,3 4.4 3.0
20. Accounting & Bookkeeping 40 6.4 7.3 4.3 4.6 1.2 5.2
24. Data Processing & Related 49 5.7 6.1 4.3 4.9 1.5 1.9
25. Secretarial & Related 53 3.5 6.3 4.1 4.1 3.8 1.8
27. Tvping & General Office 67 5.9 6.0 3.9 3.8 4.8 5.2
30. Business & Office Ed.. 47 5.3 6.0 3.9 4.3 1.7 3.1
TECHNICAL (TEC) 883 4.5 4.7 6.2 4.7 4.2 3.8
10. Agribusiness/Prod. Miscl. 24 5.3 2.2 5.8 5.6 1.3 4.1
14, Food Production & Mgmt. 23 3.7 5.5 5.7 5.3 3.3 3.7
68. Carpentry 124 1.8 4.8 6.6 1.4 1.2 4.0
70. Electrician Services 20 4.9 3.2 6.7 5.1 5.0 3.8
73. Electrical Equip. Repair 24 3.4 3.4 6.3 3.8 5.3 1.3
77. Heating, A.C., & Refrig. 67 4.7 4.9 6.3 5.0 3.2 3.8
81. Aircraft Mechanics 48 6.2 5.8 7.1 6.5 5.4 3.4
82. Auto Body Repair 160 1.3 4.5 6.0 4.6 4.2 3.2
83. Auto Mechanics 198 4.2 4.4 3.9 1.4 3.8 3.4
90. Machine Tool/Shop 52 4,2 4.6 6.5 4.6 4.1 3.5
92. Welding & Soldering 62 1.1 4,2 6.3 1.6 1.2 5.5
SCIENCE (SCI) 153 4,6 5.1 5.7 5.5 1.6 1.1
64. Electronic Technology 66 4.7 5.2 6.0 5.8 1.3 4.3
87. Drafting 52 3.4 5.0 5.5 5.0 4.8 3.3
ARTS (ART) 67 5.0 3.5 3.2 4.9 5.5 1.4
88. Graphic & Printing Comm. 60 5.0 3.3 5.1 1.8 5.3 L,
SOCTAL SERVICE (S0C) 190 1.7 1.8 1.9 5.7 1.8 5.5
36. Practical Nursing 36 1.6 1.6 4.7 6.1 1.1 5.4
57. Nursing Related Services 63 4.5 1.6 4.9 5.8 1.9 3.4
59. Allied Health, Other 43 4.8 4.8 1.7 5.9 5.2 5.9
62. Cosmetology 34 5.4 3.5 3.3 5.1 3.3 3.4
TOTAL SAMPLE 2,055 4.8 5.0 5.9 1.9 1.3 1.3

Note. Stanines range from 1-9. The mean is 5 and standard deviation is 2 for a
nationallv representative sample of 12th graders. Vocational programs are grouped
according to CPP Job Cluster. Project ID numbers precede program titles.

aRelated Holland tvpes are shown in parentheses.

bSample sizes vary slightly from scale to scale. The smallest sample size is reported.
Data are not shown for vocational programs with less than 20 students.
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Talile F5

Abilitv Test Mean Stanines for Students Meeting Satisfaction/Success Screens

JOB CLUSTER and Ability Test2

Vocational Program NP RS LU Cs SR NS MR G
BUSINESS CONTACT (BC) 109 4,6 4,7 5.8 5.0 4.7 5.0 4.7
31. Marketing & Distrib. Ed. 105 4.6 4,7 5.8 4.9 4.6 4.8 4.6
BUSINESS OPERATIONS (BO) 271 5.1 5.3 5.3 5.0 4.7 4.3 5.0
20. Accounting & Bookkeeping 40 5.6 5.5 5.9 5.5 5.6 4.3 5.5
24. Data Processing & Related 49 5.3 5.3 5.3 5.3 4.7 1.8 3.2
25. Secretarial & Related 52 5.1 5.6 5.6 5.1 4.5 4.3 5.0
27. Typing & General Office 68 4.7 5.0 5.0 4,5 4.3 3.9 4.6
30. Business & Office Ed. 47 5.1 5.6 5.2 4.8 5.0 4.5 5.2
TECHNICAL (TEC) 885 3.7 3.5 4.2 5.4 4.1 6.1 3.7
10. Agribusiness/Prod. Miscl. 26 4.3 4.1 5.1 5.5 5.1 6.1 4.4
44, Food Production & Mgmt. 23 3.2 3.7 3.8 3.9 2.9 3.4 3.3
68. Carpentryv 125 3.6 3.3 3.9 5.6 1.1 3.8 3.6
70. Electrician Services 20 3.8 3.5 4.0 5.0 4,4 3.9 3.8
73. Electrical Equip. Repair 24 4,2 4.6 4.5 5.3 5.3 6.7 1.8
77. Heating, A.C., & Refrig. 67 4.0 3.5 4,6 5.3 4,2 6.0 1.0
81, Aircraft Mechanics 51 5.2 4.2 4.4 3.9 3.5 7.1 3.0
82. Auto Body Repair 156 3.4 3.4 4.3 5.5 3.8 6.2 3.6
83. Auto Mechanics 191 3.6 3.4 4.3 5.4 3.9 6.1 3.6
90. Machine Toocl/Shop 51 3.5 3.3 4.4 5.4 4.5 6.1 3.8
92. Welding & Soldering 62 3.3 3.2 3.5 5.2 3.3 3.8 3.4
SCIENCE {SCI) 153 4.7 1.7 4.8 5.9 5.2 6.5 1.8
64. Electronic Technology 66 5.1 4.9 4.8 6.2 3.3 7.1 3.2
87. Drafting 52 4.4 4,3 5.2 3.9 1.8 6.1 1.4
ARTS (ART) 67 1.6 1.5 4.9 1,7 1.5 1 1.6
88. Graphic & Printing Comm. 60 4.8 1.7 3.2 . 4.8 4.6 1.2 1.7
SOCTAL SERVICE (S0C) 193 4.3 4.5 5.0 4.6 4.2 1.0 b4
56. Practical Nursing 36 5.8 5.6 6.1 5.6 5.3 5.1 3.6
57. Nursing Related Services 64 4,3 4,2 4,8 4.1 3.8 3.8 1.2
59. Allied Health, Other 43 4,7 4.7 4.7 4.6 1.6 1.0 1.6
62. Cosmetology ' 33 3.8 3.6 4.5 4,2 3.3 3.3 3.6
TOTAL SAMPLE 2,063 4.1 4,0 1.5 5.1 1.2 3.3 1.1

Note. Stanines range from 1-9. The mean is 5 and standard deviation is 2 for a
nationally representative sample of 12th graders. Vocational programs are grouped
according to CPP Job Cluster. Project ID numbers precede program titles.

aizbbreviations are as follows: Reading Skills (RS), Language Usage (LU}, Clerical
Skills (CS), Space Relations (SR), Numerical Skills (NS), and Mechanical Reasoning
{MR), G is a composite of RS, LU, and NS.

bSample sizes vary slightly from scale to scale. The smallest sample size 1is reported.
Data are not shown for vocational programs with less than 20 students.
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Table F6

Job Cluster Abilitv Scale Mean Stanines for Students Meeting Satistfaction/Success Screens

JOB CLUSTER and Job Cluster Ability Scale2
Vocational Program N> BC (E) BO (C) TEC (R) SCI (I) ART (A) SOC (S)
BUSINESS CONTACT (BC) 105 5.1 5.1 4.8 4.8 4.9 4.9
31. Marketing & Distrib. Ed. 101 5.1 5.0 4.6 4.7 4,8 4,9
BUSINESS OPERATIONS (BO) 265 4.9 5.2 4.4 4,8 3.0 3.4
20. Accounting & Bookkeeping 40 5.9 6.0 4.9 5.3 3.1 5.7
24. Data Processing & Related 47 4.9 5.2 4.9 5.2 4.9 5.7
25. Secretarial & Related 51 4.6 3.3 4.4 4.6 3.1 5.4
27. Typing & General Office 64 4.6 4.8 3.8 4,2 5.1 5.3
30. Business & Office Ed. 47 4,9 5.2 4,1 5.0 1.9 5.4
TECHNICAL {TEC) 838 4.1 3.7 5.7 3.9 4.1 3.7
10. Agribusiness/Prod. Miscl. 25 4.9 4.7 5.9 4.8 4.7 4.3
44. Food Production & Mgmt. 22 3.9 3.3 3.4 3.3 4.4 4.3
68. Carpentry 123 4.0 3.4 5.3 3.6 4,3 3.6
70, Electrician Services 17 4,5 3.9 5.6 4.1 4.3 1.0
73. Electrical Equip. Repair 21 5.6 5.0 6.6 2.2 4.7 3.2
77. Heating, A.C., & Refrig. 65 4,3 4,1 5.8 4.3 1.0 1.0
81. Aircraft Mechanics 50 5.6 5.1 6.9 5.3 4.9 1.8
82. Auto Body Repair 145 3.9 3.6 5.7 3.5 4,2 3.3
83. Auto Mechanics 190 4,1 3.6 5.9 3.8 3.9 3.7
90. Machine Tool/Shop 50 3.8 4,0 5.7 4.0 3.8 3.2
92. Welding & Soldering 55 3.5 3.0 5.3 3.3 3.9 3.3
SCIENCE (SCI) 152 5.0 4.9 6.3 5.4 5.2 4.3
64. Electronic Technology 66 5.3 5.4 6.8 5.8 5.1 4.8
87. Drafting 51 4.6 4.7 6.1 5.0 3.4 1.1
ARTS (ART) 65 4.3 1.5 4.3 1.5 3.3 4.7
88. Graphic & Printing Comm. 58 4.4 4.7 4.4 4.6 3.4 .9
SOCIAL SERVICE (50C) 187 4.2 4.5 4.2 4,3 1.7 3.1
56. Practical Nursing 36 5.0 3.8 5.6 3.8 4.9 3.7
57. Nursing Related Services 61 3.7 4,0 3.6 4.2 4,3 1.7
59. Allied Health, Other 42 4.4 4.4 4.2 4.8 1.6 5.6
62, Cosmetology 32 4,2 4.0 3.6 3.5 3.0 4.4
TOTAL SAMPLE 1,972 4.3 4.1 5.1 4,2 4.4 4.3

Note. Stanines range from 1-9. The mean is 5 and standard deviation is 2 for a
nationally representative sample of 12th graders. Vocational programs are grouped
according to CPP Job Cluster. Project ID numbers precede program tities.

aRelated Holland types are shown in parentheses.

“Sample sizes varv slightly from scale to scale. The smallest sample size is reported.
Data are not shown for vocational programs with less than 20 students.
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